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v

 Our understanding of elbow disorders and their treatment has evolved rapidly 
over the last 50 years. Unfortunately, many surgeons have limited experience 
managing elbow conditions due to their lower incidence relative to diseases 
of other joints. Given that the elbow has often been described as an “unforgiv-
ing joint”, it is not surprising that surgeons rely on experts for technical 
advice as to how to optimize the results of elbow surgery. 

 The book  Essential Techniques in Elbow Surgery  fulfi lls the need of 
 orthopaedic residents and practicing clinicians providing them clear and 
well-illustrated descriptions of how to manage commonly encountered elbow 
disorders. Professors Antuna and Barco, international leaders in managing 
elbow disorders, have chosen the contributors for this book very carefully. 
Each of the authors are acknowledged experts who concisely explain the sur-
gical treatment of common elbow disorders. The chapters are well structured 
with a brief background of the various disorders, pre-operative imaging, 
intra-operative positioning, step-by-step surgical technique, post-operative 
rehabilitation and clinical results. I found the author’s perspective at the end 
of each chapter extremely valuable given the stature of the contributors to 
the book. 

 I congratulate all of the authors for their contributions as well as the edi-
tors for their efforts in bringing this project to fruition. I am sure surgeons 
worldwide will fi nd this book of value in their practice and, of course, our 
patients will benefi t from the knowledge imparted by the contributors in 
this book. 

 Graham J.W. King, MSc, MD, FRCSC 
 Director, Roth|McFarlane Hand & Upper Limb Centre 

 Chief of Surgery, St. Joseph’s Health Centre 
 Professor of Surgery and Biomedical Engineering 

 University of Western Ontario 
 London, ON, Canada         

    Foreword   



 



vii

 The book you have in your hands has been written as a continuation of the 
previous  Essentials in Elbow Surgery , published in 2014. We could say that 
this  Essential Techniques in Elbow Surgery  completes the information con-
tained in the fi rst volume. Once you understand the etiology and clinical 
approach to the ten most common pathologic conditions affecting the elbow, 
we hope that after reading this book you will become familiar with the ideal 
surgical techniques to address them. These procedures represent close to 
90 % of the surgical activity around the elbow in our daily practice. 

 This volume has been developed again by some of the most experienced, 
famous, and also most generous elbow surgeons in the world. This is team-
work, and therefore,  Essentials  is their creature. We thank them all for their 
commitment with education. We have all tried to build a book with very 
homogeneous format, easy readable, and with very practical information. 
We truly believe it will be of great value to our residents, fellows, and 
young consultants who want to develop a career as elbow surgeons. But it 
is also the general orthopedic surgeon who deals occasionally with elbow 
problem to whom this book is aimed. We hope our work will help patients 
around the globe. 

 We are grateful to our peers in the Hospital Universitario La Paz, and other 
hospitals along Spain and Europe, for trusting us the care of their patients. We 
can probably state today that the elbow is not any more the forgotten joint. 
Thank you to this and other similar efforts, patients with elbow problems are 
now treated much better than they have been in the past. 

 But being the elbow a passion for us, it is only the family who keeps us 
going, happy and fully devoted to our patients. Ana, Elena, Carla, Adriana, 
Miguel, and Daniel have the 12 most important elbows in our lives. 

 Madrid, Spain Samuel Antuña 
 Madrid, Spain Raúl Barco 
 March 2016   

  Pref ace   
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      Avoiding Complications in Elbow 
Surgery: The Anatomy Revisited                     

     Raúl     Barco       and     Samuel       Antuña     

    Abstract  

  Elbow surgery has a higher rate of complications than other major joints. 
Although most of them are transient or minor, they are worrisome for the 
patient and the physician and can alter the planned course of action for 
certain pathology, including reoperation. 

 Neurologic complications are the most feared of all because the out-
come is often unpredictable and the solutions involve complex procedures. 
Therefore, all care must be exercised to limit the incidence of this compli-
cations and this chapter will be focused on avoiding this injury when per-
forming elbow surgery. Other complications will also be reviewed.  

  Keywords  

  Elbow surgery   •   Complications   •   Anatomy   •   Exposures  

      Introduction 

 Surgical procedures around the elbow have a 
higher complication rate than in other major 
joints. Although most of them are transient or 
minor, they are worrisome for the patient and the 
physician. Complications can alter the planned 

course of action for certain pathology, including 
reoperation. 

 Neurologic complications are the most feared 
of all because the outcome may be unpredictable 
and occasionally devastating. Solving neurologic 
complications involves complex procedures so 
all care must be exercised to limit its incidence. 
This chapter will focus on avoiding neurologic 
injuries when performing elbow surgery.  

    Neurological Complications 

 The majority of neurological complications are 
mild and transient and are completely recovered 
over time. However, they are always a source of 
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concern and strategies to prevent nerve damage 
have been established [ 1 ]. In the setting of elbow 
trauma it is often diffi cult to assess the origin of 
the complication -the original trauma or the sur-
gical procedure- so it is critical to document cor-
rectly the neurologic status in the emergency 
room -prior to any surgical procedure is per-
formed- but also during follow-up. 

 The chapter is organized so that the more 
common approaches and the risks for neurologi-
cal complications will be covered. 

    Positioning 

 Correct patient positioning is critical to ensure a 
safe approach. Improper positioning has been 
found to be causative of peripheral neurologic 
injury, the ulnar nerve being the most frequently 
affected [ 2 ]. All osseous prominences should be 
properly padded, including the elbow. During 
prolonged elbow procedures around the elbow, 
limiting elbow fl exion to less than 90° and pro-
curing slight supination will help to decrease 
intraneural pressure and will limit the risk of 
inadvertent injury to the ulnar nerve. Proper head 
to torso alignment is also crucial in preventing 
brachial plexus injuries (Fig.  1.1 ).

       Superfi cial Landmarks and Incision 

 When performing elbow surgery, drawing the 
appropriate superfi cial landmarks can help in ori-
entation. It can also increase awareness of all 
possible relationships of our approach to the 
nerves –specially the ulnar nerve- and can aid in 
choosing the correct location of our skin incision. 
One should minimize the need of soft tissue dis-
section. It is always advisable to palpate the ulnar 
nerve at the cubital tunnel and feel for possible 
subluxation. 

 The universal skin incision for the elbow is a 
midline straight posterior incision avoiding the 
tip of the olecranon. This is the recommended 
skin incision for all posterior approaches. By 
elevating whole thickness fasciocutaneous planes 
the irrigation of the soft tissue planes can be 

maintained and we can safely reach the lateral 
side of the elbow to perform a Kocher approach 
or the medial side to reach the ulnar nerve or the 
medial side of the triceps and fl exor pronator 
muscles. This is a very useful incision in the set-
ting of elbow trauma, when we need to access 
both the lateral and the medial aspect of the joint. 

 The posterior skin approach minimizes the 
injury to the medial (MABCN) and lateral 
(LABCN) antebrachialis cutaneous nerves. With 
this approach, the skin usually heals nicely, and 
we do not seem to fi nd hematomas or seromas 
due to the subcutaneous dissection. However, in 
an attempt to decrease the rate of hematomas, 
some surgeons prefer more dedicated direct lat-
eral or medial approaches. However, it is neces-
sary to recognize that the medial approach has a 
higher risk of injury to the MACBN and postop-
erative neuroma, which can be very disabling 
(Fig.  1.2 ).

   Anterior incisions to the elbow are most often 
used for distal biceps repair, and very rarely for 
posterior interosseous nerve decompression at 
Frohse’s arcade and tumor surgery.  

    Posterior Approaches to the Elbow 

 Posterior approaches to the elbow are intended to 
gain access to the distal humerus and the poste-
rior aspect of the joint. Access to the joint can be 
obtained by gaining control of the triceps muscle 
and tendon on either side, on both sides, refl ect-
ing it from the olecranon to ether side or splitting 
the muscle through its midline [ 3 – 5 ] (Table  1.1 ). 
It is a safe approach distally but proximally the 
ulnar nerve on the medial side and the radial 
nerve at the lateral side may be at risk (Fig.  1.2 ).

   Proximally, the ulnar nerve courses medial to 
the medial border of the triceps and enters dis-
tally the ulnar tunnel and the arcade formed by 
both heads of the fl exor carpi ulnaris. It is always 
advisable to palpate the nerve prior to surgery to 
check for anterior subluxation of the nerve which 
can happen in up to 15 % of patients. When the 
elbow is posteriorly approach, it is often neces-
sary to locate, dissect and protect the nerve 
throughout the procedure. If the nerve is found to 
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be unstable at the end of the operation or it is in 
direct contact with hardware, we generally per-
form an anterior subcutaneous transposition of 
the ulnar nerve. When the nerve is transposed, 
the medial intermuscular septum should be par-
tially excised, to prevent impingement with the 
arm in extension. 

 The radial nerve crosses the arm posteriorly 
from medial to lateral and proximal to distal. At 
the level of the deltoid insertion, the nerve is in 

close contact with the posterior aspect of the 
humeral midshaft.. This area usually is coinci-
dent with the end of the tendinous portion of the 
triceps. The nerve then continues on the lateral 
side of the humerus and enters the anterior com-
partment of the arm between the brachialis and 
the brachioradialis (Fig.  1.3 ). When performing 
elbow surgery, the most dangerous maneuver for 
the nerve at this level is when extending a lateral 
paratricipital approach of the elbow proximally 

a

b

  Fig. 1.1    Protection of the 
ulnar nerve is key to prevent 
inadvertent perioperative 
complications- Bony surfaces 
must be adequately padded 
( a ). Patient in the lateral 
decubitus position. Adequate 
position of the head and torso 
reduces tension on the 
brachial plexus ( b )       
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a b

c

  Fig. 1.2    Landmarks in posterior ( a ), lateral ( b ) and medial ( c ) approaches to the elbow       

   Table 1.1    Posterior approaches to the elbow   

 Approach  Indication  Extension  Commentary 
 Nerves in 
danger 

 Alonso-Llames  Distal humerus 
fractures: ORIF 
(extrarticular) elbow 
arthroplasty 

 Proximal with protection 
of radial nerve laterally 
and ulnar nerve medially. 
Distal through ECU-
anconeous interval 

 Easy conversion to 
olecranon osteotomy 

 Ulnar nerve, 
radial nerve 

 Triceps splitting  Distal humeral 
fractures, total elbow 
arthroplasty 

 Proximally limited by the 
radial nerve 

 May be performed in the 
midline or slightly 
medially 

 Ulnar nerve 
 Radial nerve 

 Olecranon 
osteotomy 

 Distal humeral 
fractures 

 Proximally until radial 
nerve 

 Fixation with multiple 
options 

 Ulnar nerve 

 Bryan-Morrey  Elbow arthroplasty, 
stiffness 

 Proximal medial (to 
triceps) and distally 
between ECU and FCU 

 Must protect the ulnar 
nerve, especially during 
dislocation of the joint 

 Ulnar nerve 

  Modifi ed from Barco and Antuña [ 16 ] 
  FCU  fl exor carpi ulnaris,  ORIF  open reduction and internal fi xation,  ECU  extensor carpi ulnaris,  FCU  fl exor carpi 
ulnaris  
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to reduce or fi x a distal humerus fracture. 
Additionally, the nerve can be injured when plac-
ing percutaneous pins for an external fi xator. It 
has been calculated that the nerve crosses later-
ally proximal to the lateral epicondyle at a dis-
tance equivalent to one and a half the width of the 
transespicondylar distance [ 6 ]. Both these refer-
ences are very helpful during surgery to localize 
and protect the radial nerve.

       Lateral Approaches to the Elbow 

 The lateral approach is the workhorse for surgery 
to the elbow. Indications for its use include: fi xa-
tion of capitellum and radial head fractures, cap-
sulectomy, removal of osteophytes or loose 
bodies, radial head excision and repair or recon-
struction of the lateral ligaments. 

 There are several approaches that we can use 
in this area (Table  1.2 ). The Kocher approach 

uses the interval between the anconeous and the 
extensor carpi ulnaris (ECU) and it is the most 
versatile of all lateral approaches [ 7 ]. Kaplan 
described an approach in the interval between the 
extensor digitorum communis and the extensor 
carpi radialis brevis and longus [ 8 ]. We can also 
perform a muscle split-approach in between both 
approaches at the mid portion of the radial head.

   Kocher’s interval is probably the safest in 
terms of avoiding neurological injury because the 
radial nerve is protected distally by the ECU 
(Fig.  1.4 ). If an extended Kocher approach is 
required proximally, there is also a long distance 
to the radial nerve. The potential danger of a 
Kocher approach is an injury to the lateral col-
lateral ligament complex (LCLC) when we incise 
the capsule to gain access into the joint. One 
additional important precaution while working 
around the radial head is protection to the poste-
rior interosseous nerve ensured by avoiding the 
use of Hohman retractors around the neck of the 

a b

  Fig. 1.3    Posterior approach to the elbow. Bilaterotricipital 
approach. Note the close relationship of the ulnar nerve 
with the medial side of the triceps ( a ). The nerve must be 
dissected and protected throughout the operation. On the 

lateral side of the triceps the radial nerve must be dis-
sected and protected if the dissection is carried on proxi-
mally ( b )       
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radius, by working with the arm in pronation and 
by avoiding the exposure of the neck of the radius 
4 cm distal to the radiocapitellar joint [ 9 ]. These 
maneuvers apply also to Kaplan’s and the muscle- 
split approach (Fig.  1.5 ).

        Medial Approaches to the Elbow 

 Medial approaches to the elbow are less com-
monly performed than lateral ones and they are 
mostly used for fractures, medial collateral liga-

   Table 1.2    Lateral approaches to the elbow   

 Approach  Indication  Extension  Commentary  Nerves in danger 

 Kocher  Radial head and neck 
fractures, capitellum 
fractures, lateral 
elbow instability 

 Proximal and distal 
 Mayo modifi ed Kocher approach 
includes detachment of 1/3 
triceps tendon 

 Limited part of 
the Kocher may 
be used 

 Radial nerve in 
proximal extension 
 PIN distally 

 Kaplan  Radial head fractures  Proximally  Limited 
indications 

 PIN 

  Modifi ed from Barco and Antuña [ 16 ] 
  PIN  posterior interosseous nerve,  EDC  extensor digitorum communis,  ECR  extensor carpi radialis  

a c

b

  Fig. 1.4    Kocher’s lateral approach to the elbow. The inter-
val between the anconeous and the extensor carpi ulnaris is 
used ( a ). The radial nerve is safe distally because it is pro-
tected by the ECU. The lateral collateral ligaments have to 

be protected in this approach by being above the center of 
the lateral epicondyle when opening the capsule ( b ). In the 
extended Mayo modifi cation of the Kocher approach the 
radial nerve may have to be protected proximally ( c )       
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ment reconstruction, stiffness or ulnar nerve 
management. 

 A posterior midline skin incision is preferred 
because it reduces the risk of damaging the 
medial antebrachial cutaneous nerve (MABCN). 
If a direct medial skin incision is elected, the 
MABCN must be identifi ed and protected with 
special care in the distal aspect of the incision 
where it usually arborizes (Fig.  1.6 ).

   Three approaches can be used depending on 
the level of dissection through the fl exor pronator 
mass. From anterior to posterior, the access to the 
joint can be gained:

    1.    Through an interval between the pronator and 
fl exor-pronator mass (Hotchkiss’ approach);   

   2.    Through a split in the middle of the humeral 
head of the fl exor carpi ulnaris (FCU);   

   3.    Through both heads of the FCU or   
   4.    Elevating both heads of the FCU [ 10 – 12 ] 

(Table  1.3 ).

       The decision to utilize one or the other 
should be based on careful preoperative plan-
ning and on the structure that the surgeon needs 
to visualize better. In general, capsular release 
for stiffness can be done using Hotchkiss 
approach, MCL reconstruction through a mus-
cle-splitting approach, and coronoid recon-

struction using a muscle-splitting for tip of the 
coronoid access and FCU-interval approach 
for coronoid fractures affecting the base of the 
coronoid or the anteromedial portion. For frac-
tures of the coronoid extending into the diaph-
ysis dissecting the FCU from the ulna is 
preferable. Although it could be arguable, the 
most versatile approach of all is probably 
through the interval between both heads of the 
FCU [ 5 ]. 

 The ulnar nerve lies in this interval and has a 
direct relationship with the medial collateral liga-
ment. Identifi cation and proper protection of the 
nerve is necessary. Complete dissection and pro-
tection of the nerve must be ensued throughout 
the case and at the end of the procedure the nerve 
can be left in place or transposed anteriorly 
depending on its tendency to subluxate and its 
relative position related to metallic implants. In 
cases of anterior transposition, partial resection 
of the distal intermuscular septum must be 
 performed to avoid compression at the site where 
the nerve courses from the posterior to the ante-
rior compartment of the arm. It is advisable to 
take great care to avoid distal impingement of the 
nerve where it penetrates the FCU. In cases 
where a submuscular transposition is preferred 
the nerve has to lie deep and close to the median 
nerve. 

a b

  Fig. 1.5    Kaplan’s classic approach is showed in these 
fi gures and uses the interval between and the extensor 
communis and the extensor carpi radialis brevis and lon-
gus ( a ). Only the proximal part of the incision and 
approach is generally used clinically. The PIN is at risk in 

this approach when extending the incision distally as the 
PIN courses under the supinator muscle ( b ). Care must be 
exerted when separating and we avoid using Hohman’s 
anterior to the radial neck because of the close relation-
ship to the PIN       

 

1 Avoiding Complications in Elbow Surgery: The Anatomy Revisited



8

 When performing medial collateral ligament 
reconstruction the ulnar nerve has to be protected 
at the site of preparation of the ulna bone tunnel 
(s) and proximally at the humerus if we are pull-
ing out sutures posteriorly. 

 In the cases where we utilize Hotchkiss 
approach the access to the joint is ‘over the top’ 
meaning that we are looking at it from above. 
Dissection of the interval between the pronator 
and fl exor mass is performed and extended 

a

c

b

  Fig. 1.6    Medial approach to the elbow. The MABCN is at 
risk with the medial approach, especially if a medial skin 
incision is used ( a ). The interval between the humeral and 
ulnar heads of the FCU is developed. Note the close rela-
tionship of the medial collateral ligament with the ulnar 
nerve. The fl oor of the ulnar nerve is the posterior band of 

the MCL and the nerve runs almost parallel to the anterior 
band of the MCL. The nerve must be protected intensely 
throughout the procedure ( b ). After elevating the humeral 
head of the FCU and incising the capsule anterior to the 
MCL good exposure of the medial aspect of the joint can be 
obtained ( c ).       

   Table 1.3    Medial approaches to the elbow   

 Approach  Indication  Extension  Commentary  Nerves in danger 

 Over the top  Elbow stiffness 
 Coronoid fracture 
fi xation 

 Proximal  Ulnar and 
median nerve 

 FCU 
approach 

 Elbow stiffness, medial 
collateral ligament 
repair, coronoid 
fracture fi xation 

 Proximally 
and distally 
(ulnar nerve) 

 May be performed through a split in 
the humeral head, through the 
interval between the ulnar and 
humeral heads or detaching both 
heads of the FCU 

 Ulnar nerve 

  Modifi ed from Barco and Antuña [ 16 ] 
  FCU  fl exor carpi ulnaris  
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 proximally detaching the pronator from the 
humerus leaving a cuff of tissue for later repair. A 
periosteal elevator is used to elevate the muscles 
from the humerus being aware that the median 
nerve is located at the other side of the brachialis. 
At the end of the procedure the muscle must be 
repaired back to its origin.  

    Anterior Approaches to the Elbow 

 A formal anterior approach to the elbow is rarely 
used nowadays except for single-incision distal 
biceps repair, which has become rather popular. 
This is a limited approach, based on the one 
described by Henry [ 13 ]. Other indications 
include neurovascular exploration in cases of 
local nerve entrapment, excision of local tumors 
and, perhaps, ORIF of anteriorly displaced frac-
ture fragments. 

 This approach is hindered by the proximity of 
the LABCN lateral antebrachial cutaneous nerve 
in the superfi cial plane and the median nerve and 
the brachial artery in the deep plane of dissection. 
The brachialis muscle is between the joint and 
the median nerve, and the radial nerve is in the 
interval between the brachialis and the brachiora-
dialis muscle. These anatomical relationships 
must be remembered to avoid inadvertent injury 
(Fig.  1.7 ). The plane of dissection lies between 
the brachioradialis and the brachialis muscle 
proximally and the brachioradialis and the prona-
tor teres distally.

   During the superfi cial dissection, the 
LABCN must be protected. This nerve is found 
in the interval between the biceps tendon and 
the brachialis muscle (Fig.  1.7 ). The aponeuro-
sis is incised with care not to injure the radial 
artery, which runs immediately under it. The 
vein and the median nerve are medial to the 
artery. If the radial nerve has to be identifi ed, it 
emerges between the brachialis and the bra-
chioradialis, in front of the joint. The radial 
nerve can be safely separated laterally along 
with the brachioradialis, and the pronator teres 
is retracted medially showing the radial artery, 
the muscle branch and the recurrent radial 
artery.   

    Heterotopic Ossifi cation 

 Heterotopic ossifi cation (HO) can limit elbow 
motion, requiring revision surgery. Although HO 
is mainly related to the severity of the injury, the 
surgeon can also reduce its incidence by follow-
ing certain principles. 

 The use of intermuscular planes may limit 
bleeding and hematoma formation, which has 
been related to ossifi cation. When performing 
any kind of bony work it is advisable to remove 
bone debris often. This is best done by applying 
suction to the bone debris directly and then wash-
ing out the rest with saline and suction. The infl u-
ence of drains in HO formation is controversial 
but it is reasonable to think that limiting the 
amount of blood that remains in the wound is 
potentially protective. 

 Postoperatively, some surgeons use indo-
methacin at 25 mg three times a day or other 
NSAID to prevent bone formation, but there is 

  Fig. 1.7    Anterior approach to the elbow. The median 
nerve lies in the medial side of the brachialis muscle. 
When performing elbow arthroscopy, visualization of the 
brachialis is protective of the median nerve although one 
should be careful when working at the most medial border 
of the muscle. The radial nerve is encountered in the inter-
val between the brachioradialis and the brachialis proxi-
mally and the brachioradialis and the pronator teres 
distally. When performing an elbow arthroscopy the lat-
eral end of the brachialis is usually accompanied by a cer-
tain amount of fat surrounding the radial nerve. This site 
usually corresponds to the center of the capitellum       
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not much evidence of its effectiveness. On the 
other hand, these drugs have potential complica-
tions, some affecting tissue healing, which may 
have to be taken into consideration. There is evi-
dence that single-dose radiation (700 Gy) close 
to the time of surgery is effective in preventing 
HO formation but not all clinical settings have 
this possibility and it may be detrimental to 
bony healing [ 14 ,  15 ].  

    Soft-Tissue Management 

 To ensure correct healing of the soft tissues, they 
must be handled with care. There are a number of 
principles that can help with adequate tissue 
healing. The elbow has limited soft tissue cover-
age, especially at the back, and we need to recog-
nize this fact when approaching the elbow. One 
should select exposures that do not disrupt the 
normal anatomy during dissection and closure. 
The use of a tourniquet aids in the identifi cation 
of the correct planes of dissection. Provide dis-
section along natural tissue planes rather than 
across muscle, tendon or ligamentous structures. 
The use of intermuscular septa and internervous 
planes probably help in limiting hemorrhage and 
scarring. Exquisite hemostasis must be obtained, 
even more after extensile dissections, to avoid 
hematomas, which may lead to a compartment 
syndrome or to fi brosis and diminished range of 
motion. 

 The surgeon should maintain complete ori-
entation and adequate visualization and protec-
tion of all vital structures throughout the 
procedure. Closure must respect all tissue 
planes. An adequate soft tissue closure will 
provide reliable healing and predictable reha-
bilitation. Avoid wound closure under tension. 
Adequate use of compression dressings, 
splints, elevation and ice will minimize hemor-
rhage and infl ammation sequelae. When per-
forming a posterior approach applying a cast in 
elbow extension may limit the tension of the 
posterior soft tissues and help with adequate 
healing and may have a role in limiting infl am-
mation (Fig.  1.8 ).

       Author’s Perspective 

 Any complication is a sad experience both for the 
patient and the physician. Among all potential 
complications during elbow surgery, neurologi-
cal complications are one of the most feared 
because the prognosis is unknown, symptoms are 
hard to endure, recovery may be partial and reop-
erations for sequelae are complex procedures 
with limited goals. Every effort on every patient 
has to be applied to limit this complication; 
knowledge of elbow anatomy is probably the 
single best action to decrease the risk of having 
neurologic sequelae. 

 Trauma cases are diffi cult to treat because the 
anatomy is distorted, and unrecognized nerve 
injury may be aggravated by the surgical proce-
dure. Therefore complex elbow trauma should be 
treated by surgeons with experience in this joint. 
This is probably the simple most important factor 
in reducing complications and improving 
outcomes.     

  Fig. 1.8    A patient after surgery with the elbow kept in 
extension by means of a well-padded anterior elbow splint       

 

R. Barco and S. Antuña



11

   References 

    1.    Blonna D, Wolf JM, Fitzsimmons JS, O’Driscoll 
SW. Prevention of nerve injury during arthroscopic 
capsulectomy of the elbow utilizing a safety-driven 
strategy. J Bone Joint Surg Am. 2013;95(15):1373–81.  

    2.    Bonnaig N, Dailey S, Archdeacon M. Proper 
patient positioning and complication preven-
tion in orthopaedic surgery. J Bone Joint Surg Am. 
2014;96(13):1135–40.  

    3.    Alonso-Llames M. Bilaterotricipital approach to the 
elbow. Its application in the osteosynthesis of supra-
condylar fractures of the humerus in children. Acta 
Orthop Scand. 1972;43(6):479–90.  

   4.    Morrey BF, Sanchez-Sotelo J. Approaches for elbow 
arthroplasty: how to handle the triceps. J Shoulder 
Elbow Surg. 2011;20(2 Suppl):S90–6.  

     5.   Barco R, Ballesteros JR, Llusá M, Antuña SA. Applied 
anatomy and surgical approaches to the elbow. In: 
Antuña S, Barco R, editors. Essentials in elbow sur-
gery: a comprehensive approach to common elbow 
disorders. London: Springer; 2014. p. 1–16.  

    6.    Kamineni S, Ankem H, Patten DK. Anatomic rela-
tionship of the radial nerve to the elbow joint:  clinical 
implications of safe pin placement. Clin Anat. 2009;
22(6):684–8.  

    7.    Kocher T. Text-book of operative surgery. 3rd ed. 
London, England: Adam and Charles Black; 1911. 
p. 313–8.  

    8.    Kaplan EB. Surgical approaches to the proximal end 
of the radius and its use in fractures of the head and 
neck of the radius. J Bone Joint Surg. 1941;23:86.  

    9.    Strachan JC, Ellis BW. Vulnerability of the poste-
rior interosseous nerve during radial head resection. 
J Bone Joint Surg Br. 1971;53(2):320–3.  

    10.    Kasparyan NG, Hotchkiss RN. Dynamic skel-
etal fi xation in the upper extremity. Hand Clin. 
1997;13(4):643–63.  

   11.    Smith GR, Altchek DW, Pagnani MJ, Keeley JR. A 
muscle-splitting approach to the ulnar collateral liga-
ment of the elbow. Neuroanatomy and operative tech-
nique. Am J Sports Med. 1996;24(5):575–80.  

    12.    Taylor TK, Scham SM. A posteromedial approach to 
the proximal end of the ulna for the internal fi xation 
of olecranon fractures. J Trauma. 1969;9:594–602.  

    13.    Henry AK. In extensile exposure. 2nd ed. Edinburgh: 
Churchill Livingstone; 1973.  

    14.    Heyd R, Strassmann G, Schopohl B, Zamboglou 
N. Radiation therapy for the prevention of hetero-
topic ossifi cation at the elbow. J Bone Joint Surg Br. 
2001;83(3):332–4.  

    15.    Hamid N, Ashraf N, Bosse MJ, Connor PM, Kellam 
JF, Sims SH, et al. Radiation therapy for heterotopic 
ossifi cation prophylaxis acutely after elbow trauma: a 
prospective randomized study. J Bone Joint Surg Am. 
2010;92(11):2032–8.  

      16.    Barco R, Antuña SA. Management of elbow trauma: 
anatomy and exposures. Hand Clin. 2015;31(4):509–19.      

1 Avoiding Complications in Elbow Surgery: The Anatomy Revisited



13© Springer International Publishing Switzerland 2016 
S. Antuña, R. Barco (eds.), Essential Techniques in Elbow Surgery, 
DOI 10.1007/978-3-319-31575-1_2

      Open and Arthroscopic 
Techniques for Lateral 
Epicondylitis and Radiohumeral 
Plica                     

     Antonio     M.     Foruria     

    Abstract  

  Lateral epicondylitis should be treated conservatively with a high percent-
age of good results. When surgery is needed, attention is paid to clinical 
exam to indentifi cate the source of pain; when pain is located just at the 
extensor carpi radialis brevis (ECRB) humeral attachment, an open resec-
tion of the diseased tissue with tendon repair is indicated. When the source 
of pain is clinically judged to be also/only located inside the joint (intra- 
articular plica, osteochondral injury) an arthroscopic procedure is indi-
cated. Eighty percent of excellent results and a very low percentage of 
complications can be expected with this approach.  

  Keywords  

  Tennis elbow   •   Lateral epicondylitis   •   Epicondylitis   •   Plica   •   Extensor 
carpi radialis brevis (ECRB)   •   Lateral elbow pain   •   Arthroscopy  

      Indications 

 Active patients describing pain with wrist exten-
sion, and sometimes also at rest, on the lateral 
side of the elbow may be suffering lateral epicon-
dylitis. Diagnosis is made clinically based on the 
symptoms described and a compatible physical 
exam. Tenderness is felt immediately distal and 

anterior to the lateral epicondyle, over the exten-
sor carpi radials brevis (ECRB) proximal tendon, 
with pain with resisted wrist extension (laptop 
test) and with eccentric contraction of wrist 
extensors (shear test). Once the clinical diagnosis 
of epicondylitis is made or discarded, attention is 
turned on the possibility of pain related to an irri-
tated posterolateral radio-humeral plica [ 1 ]. 
Patients with such condition will describe a more 
posterior pain to the one expected on a lateral epi-
condylitis. With the index fi nger pressing on the 
posterior radio-capitellar joint, the elbow is 
extended in full supination, and the patient with a 
symptomatic posterolateral plica will feel pain on 
the fi nal extension. Sometimes, pain is accompa-
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nied with a click. Symptomatic anterolateral pli-
cas are much less frequent in our experience, and 
will describe pain with or without a click on full 
elbow fl exion with the forearm pronated. 

 Patients may have an isolated lateral epicon-
dylitis, a lateral epicondylitis with a symptomatic 
posterolateral plica, or less frequently, an isolated 
symptomatic posterolateral plica. All these con-
ditions are self-limited, and the majority of 
patients will recover spontaneously over time [ 2 ]. 
Surgery is offered only in the few patients having 
symptoms during more than a year, or in selected 
cases with more than 6 months of symptoms in 
which conservative treatment has failed and the 
pain is interfering non-tolerably with profes-
sional or recreational activity. 

 Patients selected for surgery will undergo an 
open procedure if symptoms are compatible with 
an isolated lateral epicondylitis (degeneration of 
the proximal ECRB alone). Arthroscopy, on the 
other hand, is indicated in cases in which a clini-
cally symptomatic plica is present, with or with-
out associated lateral epicondylitis symptoms; or 
in those in which, in addition to a lateral epicon-
dylitis, an intra-articular condition is suspected 
(i.e. lack of elbow extension, joint effusion or 
clinical symptoms or image tests compatible with 
osteochondral lesions) [ 3 ]. Ultrasound or MRI 
may be useful to discard other conditions in cases 
with an equivocal clinical exam, but the indica-
tion to proceed with surgery is not based on 
imaging tests, but on the clinical fi ndings. 

 Although there are not formal specifi c contrain-
dications other than the general ones for musculo-
skeletal surgery, patients with previous multiple 
failed surgeries for the same condition and those 
with overuse or upper extremity pain syndromes 
are discouraged from undergoing new surgery.  

    Technique 

    Open Debridement 

    Anaesthesia 
 We prefer to use an axillary brachial plexus block 
to perform both the open and the arthroscopic 
procedure. If for some reason general anaesthesia 

is preferred, the wound can be infi ltrated with 
local anaesthesia after the procedure.  

    Patient Positioning and Tourniquet 
 The tourniquet is placed on the upper part of the 
arm and is infl ated at 250 Hgmm (100 Hgmm 
above the systolic blood pressure). The patient is 
positioned lying supine with the arm resting on a 
hand table. The arm is prepared with alcoholic 
chlorhexidine, the hand is draped free, and the 
proximal arm with the tourniquet is covered with 
sterile drapes. The cautery’s power is placed at 30 
both in cut and coagulation and the surgeon sits 
so his/her dominant arm is in the proximal part of 
the patient’s forearm  

    Skin Landmarks 
 The radial head, the lateral epicondyle and the 
capitellum can be easily palpated on the lateral 
aspect of the elbow. In thinner persons, the ECRB 
tendon can be palpated through the extensor carpi 
radialis longus (ECRL) belly muscle as a deep 
induration over the anterolateral aspect of the 
radial head and just distally and anteriorly to the 
lateral epicondyle. Lyster’s tubercle on the poste-
rior aspect of the distal radius is located.  

    Incision and Approach to the Tendon 
of ECRB 
 A straight 4 cm long skin incision is started over 
the lateral epicondyle and directed to the wrist 
Lyster’s tubercle (Fig.  2.1 ). The fat is incised 
until the deep fascia is encountered, and full 
thickness skin fl aps are developed in order to 
visualize the extensor-supinator common mass. 
With careful inspection, the meaty and soft 
ECRL, sometimes covered by white fascial lon-
gitudinal stripes, and located anteriorly, is clearly 
differentiated from the more posterior, tendinous 
and solid extensor digitorum communis (EDC) 
tendon. The interface between these two struc-
tures is incised longitudinally in the length of the 
skin incision (Fig.  2.2 ). Deep to the mentioned 
muscles, the tubular tendon of the ECRB will be 
encountered lying over the deep surface of the 
EDC. The tendon of the ECRB is clearly differ-
entiated from surrounding structures on the distal 
part of the wound, but as we follow it proximally, 
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its degenerative changes and peripheral adhe-
sions will make it more diffi cult to recognize. 
This proximal amorphous greyish and diseased 
proximal portion of the ECRB tendon is the 
degenerative tissue we should excise.

        Debridement, Joint Inspection 
and Tendinous Repair 
 The degenerative proximal portion of the ECRB 
must be completely excised (Fig.  2.3a, b ) by 
sharp dissection, as Dr Nirschl described [ 4 ]. The 
more superfi cial ECRL muscular attachment is 
not usually affected, but some portion of the EDC 
tendon may also have degenerative changes, and 
this tissue must be eliminated as well. Deep to the 

ECRB tendon, there is a thin fatty layer repre-
senting the elbow capsule and synovial mem-
brane [ 5 ]. As indication for an open procedure is 
based upon the assumption of a complete extrar-
ticular disease, we do not routinely open the joint 
when performing this operation, but it could be 
done in cases in which associated intra-articular 
pathology is suspected and an arthroscopic pro-
cedure is not possible (Fig.  2.4 ).

    After the degenerative portion of the ECRB is 
excised, its stump is sutured without tension pos-
teriorly to the EDC tendon with an absorbable 
number 0 locking braided suture (Fig.  2.5 ). In 
case the joint had been opened deep to the 
resected tissue, the capsular rent must be closed 

  Fig. 2.1    Four cm long skin incision located over the lat-
eral epicondyle of the left elbow and extended distally 
towards the Lyster’s tubercle at the wrist         Fig. 2.2    The interval between the meaty ECRL and the 

tendinous EDC is opened       

a b

  Fig. 2.3    ( a ) The ECRB is located deep in the interval described in Fig.  2.2 . ( b ) Resection of the affected tendon is 
limited to the degenerated area       
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with stitches purchasing the capsular tissue along 
with the superfi cial muscular layer (ECRL and 
EDC). We do not perform epicondylar perfora-
tions routinely as they can be a potential source 
of postoperative pain, but calcifi cations or over-
growth of the epicondylar cortical can be elimi-
nated with the aid of a rongeur, and the area can 
be denervated with gentle local cauterization.

       Closure 
 Any rent or opening of the capsule should be 
closed as described above. The tourniquet is 
defl ated and any source of bleeding cauterized. 

The interval between the ECRL and the EDC is 
closed with a running number 0 braided absorb-
able suture (Fig.  2.6 ). The subcutaneous tissue is 
closed with simple number 2/0 absorbable 
stitches, and a subcuticular running number 3/0 
monofi lament suture is used for the skin 
(Fig.  2.7 ).

        Pitfalls and Avoiding Complications 
 Two structures are potentially in danger during a 
lateral epicondylitis open procedure: the lateral 
collateral ligament, and the motor branch of the 
radial nerve (posterior interosseous nerve) [ 6 ,  7 ]. 
The lateral collateral ligament extends from the 

  Fig. 2.4    The joint capsule can be opened through the ten-
dinous defect if necessary for joint inspection       

  Fig. 2.5    The ECRB tendon stump is tenodesed to the 
EDC without tension       

  Fig. 2.6    The interval between the ECRL and the tendi-
nous EDC is closed       

  Fig. 2.7    Subcuticular monofi lament closure is 
performed       
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centre of the capitellum to the tubercle of the 
crista supinatoris, in the lateral aspect of the ulna, 
in line with the radial head neck. In order to avoid 
damaging this structure is paramount to limit the 
tissue excision to the ECRB, which insertion is 
located on the anterior and proximal quadrant of 
the bony surface of the lateral aspect of the capi-
tellum. The surgeon should proceed with tendon 
excision distally and never posteriorly, so no tis-
sue is resected posteriorly to the radial head 
equator. 

 Although the radial nerve is located rela-
tively far, distal to the area of surgery, it should 
be noted that retractors should be avoided over 
the radial head or neck anteriorly. Moreover, 
there is no need for any dissection further than 
4 cm distal to the lateral epicondyle. It is also 
important to limit the possibilities of a joint 
infection by keeping the dissection extra-articu-
lar (in case of intra- articular pathology is sus-
pected or diagnosed, an arthroscopic 
debridement is indicated rather than an open 
procedure) and closing the muscular layers to 
avoid any articular fi stula formation.  

    Postoperative Regimen 
 Open and arthroscopic procedures follow the 
same postoperative protocol. We use a Sling for 
comfort during 24 h after surgery, and a soft ban-
dage to limit any hematoma during 5 days. Active 
full range of fl exion-extension and prono- 
supination elbow movement exercises are encour-
aged after the fi rst 24 h, along with fi nger, wrist 
and shoulder movement exercises. The patients 
are seen on the outpatient wound treatment clinic 
1 week after surgery to ensure no wound compli-
cations or problems with regaining motion are 
developing. Daily living activities such eating 
and self-care are allowed from the beginning, but 
carrying any weight over 500 g or repetitive hand 
manipulation is discouraged generally for the 
fi rst 3 months. After this period, all activities, 
including carrying weights and sports are pro-
gressively allowed. No formal physical therapy is 
used routinely in these patients, but it may be rec-
ommended in the rare cases in which a tendency 
to develop elbow stiffness is detected during the 
fi rst 3 weeks.   

    Arthroscopic Debridement 

    Anaesthesia 
 As described above, we use the same kind of 
anesthesia both in open or arthoscopic lateral epi-
condylitis procedures: axillary brachial plexus 
block.  

    Patient Positioning and Tourniquet 
 We prefer the lateral decubitus position for elbow 
arthroscopy. The patient´s body is positioned 
with the same routine as per a hip arthroplasty, 
with a pillow between the inferior limbs and 
securing the pelvis both anterior and posteriorly. 
The anterior thorax should be located near the 
border of the table. The contralateral forearm will 
be resting on an arm holder parallel to the table, 
with the elbow at 90 degrees of fl exion. The scap-
ula resting on the table should be protracted for 
patient comfort and brachial plexus protection. 
The extremity in which the surgery is going to be 
performed is securely fi xed at the tourniquet level 
in an arm holder designed with this purpose. The 
tourniquet is infl ated as previously described, and 
secured with adhesive tape to the arm holder 
(Fig.  2.8 ). Full elbow range of movement should 
be possible after securing the arm.

       Portals 
 The joint is insufl ated with isotonic fl uid intro-
duced with a syrinx and a needle through the soft 
spot (see below), in order to facilitate joint pene-
tration during portal creation. Arthroscopic 
ECRB debridement and anterolateral plica resec-
tion requires at least two portals to work in the 
anterior elbow camera: the proximal  anteromedial 
and the direct anterolateral. The proximal antero-
medial portal is created 2 cm proximal and ante-
rior to the tip of the medial epicondyle; the skin is 
opened, and the path to the joint is created 
through the subcutaneous and the muscular 
planes with a blunt instrument (arthroscopic 
introductory or Wissinger) aimed in the direction 
of the radial head. This portal is used for the cam-
era. The anterolateral portal is located just ante-
rior to the radio-capitellar joint space, under 
direct visualization form inside the joint, and 
with the aid of a needle. The portal is opened 
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directly with a blade in longitudinal direction fol-
lowing the muscular extensor fi bres. Once the 
blade is inside the joint over the radio-capitellar 
joint, the capsule is opened proximally following 
the contour of the capitellum until the radial fossa 
height is reached. This portal is used to work dur-
ing the procedure. An additional portal, the prox-
imal anterolateral can be created to use a retractor, 
which sometimes is useful to protect the anterior 
capsule, especially when the use of vaporization 
on the lateral capsule produces muscular contrac-
tions. Proximal anterolateral portal skin incision 
is created 2 cm proximal and anterior to the lat-
eral epicondyle. 

 Posterolateral plica resection requires the pos-
terolateral and the soft spot portals to work into 
the lateral elbow gutter. The posterolateral portal 
is created at the entrance of the lateral gutter, 
between the posterolateral tip of the olecranon 
and the lateral column; this point is located 2 cm 

proximally on the perpendicular crossing the 
centre of the line going from the tip of the olecra-
non to the lateral epicondyle. This portal is used 
for the camera. Soft spot portal is created under 
direct visualization, with the aid of a needle, in 
the centre of the triangle formed by the radial 
head, the tip of the olecranon and the lateral 
 epicondyle. This portal is used to work inside the 
joint.  

    Diagnostic Arthroscopy: Expected 
Findings 
 On the anterior elbow camera, the lateral, ante-
rior and posterior walls of the articular space are 
evaluated from the proximal anteromedial portal 
(Fig.  2.9 ). It is possible to fi nd a capsular rent or 
scar on the lateral capsule near the radio- capitellar 
joint, as part of the pathologic changes [ 8 ]. The 
joint is cleaned of synovitis or any other tissue 
precluding proper joint visualization with the aid 

  Fig. 2.8    Patient positioning for elbow arthroscopy, allowing comfortable instrument movement around the elbow, and 
complete intraoperative elbow fl exion and extension       
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of a shaver introduced from the anterolateral 
portal. The articular surface for the humerus and 
lesser sigmoid notch of the radial head is visual-
ized and evaluated from full pronation to full 
supination, and during full elbow fl exion and 
extension. The anterior plica is identifi ed, as a 
fi brous band covering a variable portion of the 
anterior radial head from the lateral capsule to 
the anterior capsule medial to the radial head 
(Fig.  2.10 ); the relation of the plica with the 
radial head and radiocapitellar joint is evaluated 
carefully for any impingement or interference 
during elbow motion and forearm rotation. The 
capitellar articular surface is carefully inspected 
looking for osteochondral lesions or any carti-
lage damage, as it is also the anterior humeral 
trochlea [ 3 ].

    On the lateral gutter, the posterolateral por-
tal offers an excellent point to visualize the pos-
terior radio-capitellar joint, the proximal 
radio-ulnar joint and the ulnohumeral joint as a 
three-bone articulation (Fig.  2.11 ). A variable 
amount of soft tissue is usually in the way pre-
cluding proper visualization of the radius. This 
tissue, forming part of the posterolateral plica, 
can be safely eliminated with a shaver intro-
duced from the soft-spot portal. Once the space 
is clear, the lateral aspect of the ulna, along 
with the articular surface of the posterior troch-
lea and the ulnar greater sigmoid notch are 
visualized (Fig.  2.12 ). It is often seen a trans-
versal area without cartilage on the centre of 

the greater sigmoid notch known as the nude 
area, which is completely normal in healthy 
individuals. The attention is then turned to the 
posterior aspect of the radio- capitellar joint. 
The posterior plica is located here as a soft tis-
sue band, sometimes covered with synovitis, 
variable in length and thickness, located at the 
posterolateral wall of the joint and penetrating 
in the space between the radius and the humerus. 
Under the plica, the radial head is carefully 
inspected, looking for osteochondral lesions 
that are frequently associated to symptomatic 
posterolateral plicas.

  Fig. 2.9    Anterior elbow compartment view from the 
anteromedial proximal portal         Fig. 2.10    Anterior symptomatic and hypertrophic plica 

visualization covering the majority of the articular surface 
of the radial head       

  Fig. 2.11    Lateral gutter view from the posterolateral por-
tal. See the humeral articular surface above, the radial 
head below on the right, and the ulnar lesser sigmoid 
notch articular surface below on the left. See also the pos-
terolateral plica on the lower right part of the image       
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        Surgical Technique. Debridement 
and Safe Limits 
 If an anterolateral symptomatic plica must be 
treated, this should be performed before dealing 
with the ECRB, to maintain the tension of the 
anterior capsule, which would be lost if the lat-
eral capsule is opened. The plica is debrided from 
medial to lateral with a shaver under direct visu-
alization in order to see at least two thirds of the 
articular surface of the radial head anteriorly. 
Careful debridement should be performed with 
the jaws of the shaver facing the humerus, never 
anteriorly, to avoid perforation of the anterior 
capsule; the posterior interosseous nerve lies just 
behind it anterior to the radial head and neck. A 
retractor pushing the anterior capsule anteriorly 
may be helpful during this procedure (Fig.  2.13 ).

   Arthroscopic ECRB debridement is a simple 
technique than can be performed safely if some 
general rules are followed. The ECRB tendon is 
just behind the capsulo-synovial lateral wall of 
the joint. Its insertion is located on the anterior 
and distal quadrant of the lateral aspect of the 
capitellum. As the capitellum is fully visualized 
from the proximal anteromedial portal, the ten-
don can be located very predictable once the cap-
sular tissue covering it has been eliminated. 
Through the anterolateral portal, a vaporizator is 
introduced just anterior to the ECRB tendon. The 

synovium and capsule located over the ECRB 
tendon is eliminated at the anterior radiocapitel-
lar level and proximally to it behind the capitel-
lum. With this manoeuvre, the muscular planes 
will enter into view: anteriorly, the meaty and red 
belly of the ECRL attaching to the lateral supra-
condylar ridge of the humerus, and posteriorly 
and more distal, the hard and white tendon of the 
ECRB, as previously described (Fig.  2.14 ). With 
the vaporizator, the ECRB tendon is debrided 
completely from anterior to posterior and from 
distal to proximal. After debridement, the ECRL 
will remain intact, and the more superfi cial ECD 
tendon will appear into view and should be 
respected. An excessively extensive debridement 
could damage the lateral collateral ligament, 
resulting in iatrogenic posterolateral rotatory 
instability. This risk can be eliminated if debride-
ment never goes posterior to the coronal equator 
of the radial head.

   We prefer to perform the posterolateral plica 
resection with an aggressive shaver instead of a 
vaporizator to prevent cartilage damage. The pos-
terolateral plica is resected to the limit of the lat-
eral joint capsule from posterior to anterior, 
following the radio-capitellar joint line. 

 Debridement is continued until no soft tissue 
is interposed between the radius and the ulna in 
any prono-supination of fl exo-extension position. 
Careful debridement is performed especially lat-
eral to the radial head to avoid lateral collateral 

  Fig. 2.12    Inspection of the greater sigmoid notch of the 
ulna and the posterior humeral trochlea from the postero-
lateral portal       

  Fig. 2.13    Debridement of the anterior plica visualized in 
Fig.  2.10 . Note anterior capsule protection and tensioning 
with the aid of a retractor       
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ligament damage. Sometimes, a cartilage lesion 
is encountered on the radial head border repre-
senting local erosion produced by the posterolat-
eral plica. This erosion can be present as a 
thinning of the cartilage, or as a full thickness 
loss of cartilage exposing subchondral bone. 
When nude bone is encountered, we prefer to 
debride it and to perform several perforations 
with a small powered wire from the soft-spot 
portal  

    Postoperative Regimen 
 Postoperative regimen is the same described for 
the open procedure. If an isolated plica resection 
has been performed, activity is reintroduced pro-
gressively as tolerated without any temporal 
restriction.    

    Results 

 Surgery for refractory lateral epicondylitis offers 
satisfactory results in a high percentage of 
patients in the majority of series. Table  2.1  sum-
marizes outcomes of a group of representative 
publications.

   Complications are uncommonly reported, and 
include neurologic injuries and lateral collateral 
ligament damage resulting in posterolateral rota-
tory instability [ 6 ,  7 ].  

    Author’s Perspective 

 Lateral epicondylitis surgery is a rewarding oper-
ation in the majority of cases when patients are 
properly selected and the technique indicated 
judiciously. It is important to understand that 
most patients will recover with conservative 
treatment within 1 year since symptoms onset. 
Therefore, it seems reasonable to wait at least 1 
year before surgery is indicated. Our rate of sur-
geries for lateral epicondilytis is less than 20 a 
year for an area of 430,000 inhabitants. 

 When surgery is indicated, we pay especial 
attention to the location of symptoms. In our 
clinic, patients with pain over the ECRB alone 
account for approximately 50 % of cases, whereas 
patients with both ECRB and posterolateral radio-
capitellar pain (posterolateral symptomatic plica) 
represent 45 % of patients, being the other 5 % the 
rare cases with isolated posterolateral plica pain. 
Currently, we perform approximately 75 % of 
procedures arthroscopically (in any situation in 
which there is any sign or suspicion of intra-artic-
ular source of pain) and 25 % open (patients with 
pain only at the ECRB), with good results and a 
high rate of patient satisfaction. Eighty percent of 
our patients obtain an excellent result (no pain and 
return to previous level of activities), 15 % partial 
improvement, and 5 % are considered failures, 
including the possibility of increased pain. After 

a b

  Fig. 2.14    ( a ) The anterolateral capsule over the extensors is removed. ( b ) Once the capsule has been excised, the ten-
dinous portion of the ECRB can be visualized and resected       
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informing our patients about these numbers, many 
with mild pain not interfering with usual activities 
will decline surgery. 

 Failed surgery for epicondylitis, should raise 
the suspiction of other non-treated conditions: 
posterolateral plicae, radial tunnel syndrome, lat-
eral collateral ligament insuffi ciency or osteo-
chondral injuries. In these circumstances, an 
MRI may be useful to look for bone edema or 
other unexpected conditions. Intra-articular 
anaesthetic injections can also be used to rule out 
an extra-articular source of the pain. We have a 
low threshold for diagnostic/therapeutic elbow 
arthroscopy but with limited expectations. 
Workers compensation and secondary gains are 
also important factors to consider that will make 
us lean towards insisting in non-operative 
treatment.     
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    Abstract  

  Medial elbow pain is a common symptom among patients with elbow 
pathology. It may be due to tendon, ligamentous or nerve problems. 
Compression of the ulnar nerve at the elbow causes sensory or motor 
symptoms in the hand, but it may also present with pain behind the medial 
epicondyle. When neurologic symptoms are permanent and nerve conduc-
tion studies are positive, ulnar nerve decompression is warranted. Simple 
decompression is indicated in the majority of cases. However, when there 
is pathology affecting the cubital tunnel, hardware present or severe valgus 
malalignment, nerve transposition must be considered. Insuffi ciency of 
the medial collateral ligament is almost exclusive of throwers. Clinically it 
presents with pain on the medial aspect of the elbow and decreased sport 
performance. When reeducation of the throwing mechanism and conser-
vative measures fail, reconstruction of the ligament with a tendon graft is 
benefi cial in returning to the previous athletic level. Autografts are pre-
ferred by most surgeons but tendon allograft is probably a better option if 
there is constitutional hyperlaxity or in revision cases.  

  Keywords  

  Ulnar nerve   •   Medial collateral ligament   •   Transposition   •   Decompression   • 
  Tendon graft  

      Introduction 

 Pain over the medial aspect of the elbow is a 
common generic complain among patients with 
elbow symptoms. Although many different enti-
ties may cause pain, the two most common diag-
noses are cubital tunnel syndrome (CuTS) and 
medial collateral ligament (MCL) insuffi ciency. 
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 Ulnar nerve (UN) entrapment at the elbow can 
present with sensory or motor symptoms in the 
hand, weakness or medial elbow pain. The spec-
trum of etiologies for this entity is wide, but the 
common factor in all of them is that the nerve is 
compressed and its conduction impaired. Surgical 
techniques to correct CuTS must address both the 
nerve issue and the underlying pathology if 
possible. 

 Injuries to the MCL present more commonly 
as chronic overuse syndromes causing ligament 
attenuation and insuffi ciency, more specifi cally 
in throwers. Acute rupture of the ligament is a 
rare condition. Ligament reconstruction tech-
niques must use tendon grafts, as the quality of 
the remaining ligament is usually poor. 

 We will present in this chapter the most com-
mon surgical techniques to address these two 
pathologic conditions, with special emphasis on 
tips and tricks to make the procedure easy and 
reliable.  

    Cubital Tunnel Syndrome 

    Work Up and Indications 

 Probably the most diffi cult step in the work up of 
a patient with symptoms consistent with UN 
entrapment is to establish the surgical indication. 
Before any decision is undertaken, simple radio-
graphs of the elbow, nerve conduction studies, 
and when possible, an ultrasound examination of 
the nerve should be available. In certain situa-
tions it is wise to obtain a CT scan or an MRI to 
better understand the underlying pathology. 

 The fi rst decision to make is if the patient 
needs an operation. Many patients present to our 
clinic with mild intermittent paresthesias in the 
ulnar nerve territory that are only positional. The 
nerve does not move from its anatomical position 
with elbow motion and there are no electromyog-
raphy abnormalities. We believe these patients 
should not be treated surgically. 

 Surgery should be considered under three sep-
arate circumstances: (1) When there is clear evi-
dence of nerve compression at the cubital tunnel 
level both clinically and with electromyography. 

This can occur with or without previous injury or 
surgery to the elbow; (2) When there is a sublux-
ating nerve that causes symptoms with the elbow 
in full fl exion with or without an associated snap-
ping triceps, and the symptoms have failed to 
resolve with conservative treatment; (3) When 
there is a posttraumatic or acquired valgus defor-
mity of the arm causing nerve progressive elon-
gation (Fig.  3.1 ). Under the last two circumstances, 
the electro neurological studies may be normal.

   The second decision is which is the best oper-
ation for the patient. Isolated decompression- 
open or endoscopic- is probably indicated in the 
majority of cases when there is no underlying 
pathology around the cubital tunnel that would 
make leaving the nerve in place unsafe [ 1 ]. 
Transposition is reserved for cases where there is 
severe valgus deformity of the arm or associated 
problems around the cubital tunnel that may 
cause impingement to the nerve, as hardware or 
bony deformity. Many surgeons prefer to rou-
tinely transpose the nerve when fi xing distal 
humerus fractures (Fig.  3.2 ).

   Subcutaneous transposition is the preferred 
technique for ulnar nerve mobilization and is the 
one that will be shown in this chapter; submuscu-
lar transposition and epycondylectomy are far 
less commonly used.  

    Technique 

    Open Ulnar Nerve Release 

   Anesthesia 
 We prefer to use regional anaesthesia and to do 
this operation as an outpatient procedure. General 
anaesthesia can be obviously used; if this is the 
case, local anaesthetic can be infi ltrated in the 
wound after closure, for postoperative pain relief.  

   Patient Positioning 
 The patient is placed supine with the arm on a 
side table. Before the arm is prepped and draped, 
shoulder range of motion should be assessed. 
Full shoulder external rotation must be possible 
to allow access to the medial aspect of the elbow. 
Otherwise, if there is shoulder pathology limiting 

S.A. Antuña et al.



27

motion, the operation can be performed with the 
arm across the chest. A tourniquet is always used 
and placed as far proximal as possible. A sterile 

tourniquet may be used if an adequately sized 
sterile fi eld cannot be secured.  

   Skin Landmarks and Incision 
 The medial epicondyle, the olecranon and the 
UN should be palpated and marked in the skin. A 
10–15 cm skin incision can be done directly over 
the tract of the ulnar nerve midway between the 
olecranon and the medial epicondyle. 
Alternatively a slightly more posterior incision, 
just medial to the olecranon, can be elected. If a 
direct medial exposure is elected, care must be 
taken to protect and identify the posterior branch 
of the medial antebraquial cutaneous nerve 
(Fig.  3.3 ). If a more posterior incision is chosen, 
a full medial fasciocutaneous fl ap should be 
mobilized.

      Deep Exposure 
 The medial intermuscular septum and fascia over 
the fl exor-pronator muscle origin are exposed. 
The nerve is initially located proximally, on the 

  Fig. 3.1    This patient presented to the clinic with signifi -
cant ulnar nerve symptoms 15 years after radial head 
resection for a fracture. Note increased valgus deformity 

associated with degenerative changes in the ulnohumeral 
joint (Copyright IPHOC)       

  Fig. 3.2    Open fi xation of a distal humerus fracture with 
parallel plating through an Alonso Llames approach. The 
ulnar nerve is commonly transposed due to its close vicin-
ity with plates (Copyright IPHOC)       
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medial aspect of the triceps muscle, beneath the 
intermuscular septum (Fig.  3.4 ). This is an area 
where it is usually free of pathology and where 
dissection is easier. Oftentimes the nerve lies 
anterior to the medial edge of the muscle belly, 
which needs to be slightly retracted in order to 
fi nd it. Dissection extends as far as 7–10 cm 
proximal to the medial epicondyle to identify the 
Struthers arcade (Fig.  3.5 ).

    Once the nerve is freed proximally, it is dis-
sected distally as it approaches the elbow, con-
tinuing between the medial epicondyle and the 
olecranon. Here it enters a groove located behind 
the medial epicondyle. The lateral border of the 
groove is the olecranon, the medial border is a 

fi bro-aponeurotic band -called the arcuate or tri-
angular ligament- and the anterior border is the 
medial epicondyle. The aponeurotic band is 
released over the nerve. This is better done with 
the elbow in extension as it increases the space 
between the nerve and the roof of the groove. 

 Once the arcuate ligament is fully released as 
the nerve traverses the joint, the nerve enters 
underneath of the proximal fi brous edge of the 
Flexor Carpi Ulnaris (FCU). This fi brous band 
has been variously called Osborne’s ligament and 
it becomes taught as the elbow fl exes (Fig.  3.6 ). 
The pathway of the nerve is between the ulnar 
and humeral heads of the FCU. The Osborne’s 
ligament is released as a continuation of the 
fi broaponeurotic band covering the epicondylar 

  Fig. 3.3    The Medial antebrachial cutaneous nerve ( MAB ) 
crosses the surgical incision if a direct medial approach is 
elected (Courtesy J. Ballesteros)       

a b

  Fig. 3.4    ( a ) Identifi cation of the ulnar nerve ( UN ) is usually easier proximally, adjacent to the triceps muscle. ( b ) Nerve 
isolation should preserve the vasa nervorum (Copyright IPHOC)       

  Fig. 3.5    Proximal dissection of the ulnar nerve ( UN ) 
should extend proximally around 10 cm. To ensure releas-
ing of the Struthers arcade (Courtesy J. Ballesteros)       
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groove. At this point, the fl oor of the cubital tun-
nel is the capsule and the anterior band of the 
medial collateral ligament (Fig.  3.7 ). Osteophytes, 
heterotopic ossifi cation or ganglions may be the 
cause of compression at this level and should be 
routinely looked for.

    The muscle fi bers between the two heads of 
the FCU are then bluntly dissected to ensure that 
the nerve is completely unroofed and there are no 
fi brous bands distally causing compression. It is 
important to note that when the nerve enters the 
FCU, there is almost constantly a deeper aponeu-
rotic band covering it, which needs to be also 
released [ 2 ]. The nerve is traced distally until the 
fi rst motor branch is found. 

 Once the nerve is fully released (Fig.  3.8 ), we 
assess elbow fl exion and extension and see if it is 

dynamically subluxating or dislocating out of the 
groove. In this situation, the nerve tends to sub-
luxate out of the groove with elbow fl exion and 
reduces into the groove with elbow extension. A 
snapping medial triceps tendon must also be 
ruled out at this point. If there is clear evidence of 
nerve subluxation, it appears stretched over the 
epicondyle, or there is a snapping triceps, a sub-
cutaneous transposition should be done. If the 
nerve stays in place throughout elbow range of 
motion, the core procedure is fi nished.

      Closure and Postoperative Management 
 Before the wound is closed, we prefer to defl ate 
the tourniquet and check for any bleeding vessel 
around the nerve. Meticulous hemostasis is 
important to avoid hematomas that may cause 
perineural fi brosis. If the nerve is not transposed, 
the medial intermuscular septum is left intact. 
Wound closure is done in a routine fashion. Use 
of a drain is optional but we usually avoid it. A 
compressive soft dressing is applied for 7 days. 

 Active motion is allowed from the fi rst post-
operative day but weight lifting is delayed for 6 
weeks. Progressive usage of the arm is encour-
aged but no physical therapy is formally used.  

   Expected and Unexpected Findings 
 When UN release is performed for idiopathic 
CuTS, the usual fi nding is that of a tight retinacu-
lum over the nerve at the cubital tunnel entrance, 

  Fig. 3.6    The ulnar nerve crosses the elbow by entering 
underneath the Osborne lgament, between both heads of 
the fl exor carpi ulnaris (Courtesy J. Ballesteros)       

  Fig. 3.7    The fl oor of the cubital tunnel distal to the 
medial epicondyle is the anterior band of the medial col-
lateral ligament ( aMCL ) (Courtesy J. Ballesteros)       

  Fig. 3.8    Once the nerve is fully released is should stay in 
its natural location with elbow motion; otherwise transpo-
sition should be considered (Copyright IPHOC)       
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more commonly at the level of the Osborne 
ligament. 

 When the release is performed in stiff or 
arthritic elbows, fi ndings include heterotopic ossi-
fi cations, ossifi cations of the posterior band of the 
MCL, prominent hardware, osteophytes, etc. 
Obviously, all this accompanying pathologies 
must be addressed at the time of nerve release. 

 Unusual situations must also be considered. 
Nerve compression at the Struthers arcade is 
uncommon but if not recognized may be a reason 
for failure. Intraneural small tumors or ganglions 
arising for the posteromedial capsule may be 
occasionally found. Anconeus epitrochlearis is 
an accessory muscle arising from the medial 
olecranon and triceps and inserting into the 
medial epicondyle. It is found in 10 % of patients 
undergoing cubital tunnel release and may repre-
sent a confusing scenario for the surgeon if not 
recognized.   

    Endoscopic Ulnar Nerve Release: 
Hoffmann Technique 
 This technique combines the simplicity and low 
risk of the in situ method with the long distance 
decompression that it is necessary prior to nerve 
transposition, but avoiding the risks and compli-
cations that often go with it. Thus, it could be 
considered a “long-distance” in-situ endoscopic 
decompression. 

   Anesthesia 
 We prefer to operate in a light general anesthesia. 
We do not like to block nerves that we are going 
to release and we want to check sensation in 
recovery. A pneumatic tourniquet is always used.  

   Patient Positioning 
 The arm is positioned in 90° abduction on a stan-
dard hand table, which is at a level so that the 
surgeon easily faces the cubital tunnel area with-
out having to bend down. Draping must allow full 
mobility of the elbow.  

   Landmarks and Incision 
 The ulnar nerve is palpated, and a 15-to-25-mm 
curved incision is made in the retrocondylar 
groove between olecranon and ulnar epicondyle.  

   Deep Exposure 
 The dissection is carried down to the tunnel roof 
and the arcuate ligament is opened. We use two- 
pronged nerve hooks or lid retractors to facilitate 
this step. Sometimes fatty tissue or an epitrochleo- 
anconeus muscle make this step a little more dif-
fi cult to perform. Under normal circumstances it 
is easy. 

 Clearly recognizable by its  vasa nervorum , 
the nerve is identifi ed (Fig.  3.9 ). A tunneling for-
ceps is introduced distally and proximally into 
the space between the fascia and subcutaneous 
tissue, not into the nerve tunnel (Fig.  3.10 ). By 
gentle spreading the blunt-tipped forceps, a gen-
erous cavity is created, so that instruments can be 
inserted. Stretching of superfi cial nerves, espe-

  Fig. 3.9    After the skin and arcuate ligament is opened, 
the nerve can be easily identifi ed by its epineural vessels       

  Fig. 3.10    The space between the subcutaneous tissue and 
the fascia is developed before any nerve work is initiated       

 

 

S.A. Antuña et al.



31

cially the ulnar antebrachial cutaneous nerve 
should be avoided.

    Initially, an illuminated speculum (KARL 
STORZ Endoscopes, Germany) (blade length 
9-to-11 cm) is inserted and Osborne’s ligament is 
divided under direct vision (Fig.  3.11 ). With the 
use of the speculum we incise the FCU fascia dis-
tally until muscle fi bers are seen.

   At this point, the 4-mm, 30° endoscope (shaft 
length 15 cm) with a blunt dissector on its tip 
(KARL STORZ Endoscopes, Germany) is intro-
duced and slowly advanced distally (Fig.  3.12 ). 
Holding up the soft tissue of the forearm with the 
dissector like a tent makes enough room to view 
the nerve and its surrounding anatomy (Fig.  3.13 ). 
All dissection and cutting is done with blunt- 
tipped scissors between 17 and 23 cm long. The 

forearm fascia is divided to a point 10–15 cm dis-
tally from the epicondyle (Fig.  3.14 ). Crossing 
cutaneous nerve branches and/or veins are lifted 
up with the dissector and saved. Once the fascia 
has been divided, the endoscope is carefully 
pulled back, and further dissection is carried out 
close to the nerve.

  Fig. 3.11    Opening of the Osborne ligament is done under 
direct vision, with the aid of a speculum       

  Fig. 3.12    The dedicated endoscope with a blunt dissector 
in its tip is introduced without any saline infusion       

  Fig. 3.13    Retraction of the soft tissue overlying the ulnar 
nerve and fl exor carpi ulnaris muscle allows perfect visu-
alization of the nerve as it enters between both heads of 
the muscle       

  Fig. 3.14    The superfi cial forearm fascia can be easily 
released to a long distance distally       
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     Distally from Osborne’s ligament, the fascia 
between the two heads of the FCU is divided. 
About 3 cm distal from the medial epicondyle, 
the fi rst fi brous arcade is located and divided. The 
two heads of the FCU are bluntly divided with 
the dissector and the submuscular membrane, 
which is always present between the FCU muscle 
and the nerve, is exposed. All constricting ele-
ments up to a distance of at least 9 cm, but mostly 
12–14 cm (measured from the middle of the ret-
rocondylar groove) are divided (Fig.  3.15a, b ). In 
the course of this dissection, all muscle branches 
can be seen and protected (Fig.  3.16 ). Micro- 
cauterizing of vessels is possible but seldom 
necessary.

    Proximally, the nerve is decompressed in the 
same fashion (Fig.  3.17a–c ). The fascia is divided 
over a distance of 8–14 cm from the retrocondy-
lar groove. Sometimes the medial part of the tri-
ceps muscle has fi brous elements or arcades that 
stretch towards the intermuscular septum 
(Struthers arcade). These, if present, are divided.

      Closure and Postoperative Management 
 After wound closure a bulky compression dress-
ing is applied. Then the tourniquet is defl ated. 
Patients are allowed to move their elbow immedi-
ately but are instructed to avoid resting the arm in 
fl exion for 4 weeks to prevent secondary nerve 

subluxation. After 3 days, an elastic elbow 
 bandage is used for 4 weeks, only at night. 
Physiotherapy is hardly ever needed.  

   Results, Tips and Tricks 
 The results from this procedure are encouraging. 
Our study published in 2006 included 75 patients 
(76 nerves) [ 3 ]. 95 % reported improvement of 

a b

  Fig. 3.15    ( a ) The deep thin fascia between both heads of 
the Flexor Carpi Ulnaris is closely overlying the nerve and 
should be identifi ed and released. ( b ) After release of the 

deep fascia the nerve is freed of any potential entrapment 
at this level       

  Fig. 3.16    Muscle branches can be easily identifi ed and 
protected during the release. * motor branch to the Flexor 
Carpi Ulnaris       
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symptoms within 24 h after surgery and contin-
ued to improve thereafter. There were no recur-
rences. Postoperative nerve subluxation did not 
occur. In the longer term, 93 % of patients had 
excellent and good results; more than 90 % had 
full elbow motion within 2 days after surgery and 
the rest, within a week [ 4 ]. Complications 
included algodystrophy in 1 patient, 4 cases of 
superfi cial hematoma that resolved within a week 
without treatment, and 9 patients who developed 
hypoesthesia in the skin innervated by the ulnar 
antebrachial cutaneous nerve -most likely from 

stretching of the nerve during the tunneling pro-
cedure- that resolved by 3 months in all but 1 
patient. 

 To date, we have operated well over 1000 
patients and we have seen a 1 % recurrence rate. 
When these patients need to be revised, we did it 
again endoscopically, with good success. 
Intraoperatively, there was hardly any scarring 
visible. 

 Patients with painless subluxation are not 
excluded as candidates for this procedure. We 
have found that after the long distance release, 

a

b c

  Fig. 3.17    ( a – c ) The endoscope is moved proximally, the ulnar nerve and the overlying fascia are identifi ed and released 
for a distance of around 10 cm       
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the nerve no longer moves anteriorly during fl ex-
ion. We do not exclude the “diffi cult” CuTS cases 
as patients with severe osteoarthritis, rheumatoid 
arthritis, cubitus valgus, or even previous total 
elbow arthroplasty. 

 The advantages of our endoscopic technique for 
CuTS are mainly its simplicity, low morbidity and 
extremely quick recovery of the patient [ 5 ]. The 
nerve is effi ciently decompressed over a long dis-
tance in its own habitat. Because no circumferen-
tial release is carried out, the nerve does not sublux. 
Lesions of cutaneous nerve branches are avoided 
because of the very small incision and the blunt 
tunneling. The soft tissue envelope over the ulnar 
nerve remains intact and stabilizes the nerve. No 
scars impair the free gliding of the tissue layers. 

 For us there is no doubt, that performing a 
long distance decompression over a nerve length 
between 20 and 30 cm has signifi cantly improved 
our results when comparing them with our previ-
ous results using an open in-situ decompression 
as described above in this chapter. Particularly 
striking was the immediate relief mentioned by 
the patients very soon after surgery, which previ-
ously had been the exception.   

    Subcutaneous Transposition 
of the Ulnar Nerve 
 When the ulnar nerve needs to be transposed, ini-
tial surgical steps are the same as previously 
described for a standard open nerve release. 
However, proximal dissection must allow mobili-
zation of the nerve with its extrinsic vasculature. 
This part of the operation requires delicate dis-
section of the nerve from the muscle and the 
intermuscular septum, preserving as much peri-
neural vessels as possible (Fig.  3.18 ). Distally the 
nerve needs also to be fully released until the fi rst 
motor branch for the FCU is encountered. 
Sometimes this fi rst branch needs to be dissected 
to its entrance in the FCU to avoid over- tensioning 
of the transposed nerve. At this point, the 
 intermuscular septum is resected to avoid any 
impingement of the nerve (Fig.  3.19 ).

    Once the nerve can be mobilized, a subcutane-
ous pocked is elevated from the fascia covering 
the fl exor-pronator mass, avoiding any damage to 
the medial antebraquial cutaneous nerve. The 

nerve sits over the fascia and a stitch between the 
medial epicondyle and the subcutaneous tissue is 
placed to prevent the nerve dislocating posteri-
orly. We then check that the nerve has enough 
room in its new location by placing a fi nger 
underneath the subcutaneous tissue just over the 
ulnar nerve and fl exing and extending the elbow 
to rule any tightness (Fig.  3.20 ). Alternatively, a 
fascial fl ap from the fl exor-pronator mass can be 
elevated and used as a sling to avoid posterior 
displacement of the nerve. This technique, how-
ever, may cause secondary entrapment of the 
nerve under the sling, and should be carried out 
with delicate technique (Fig.  3.21 ).

    Wound closure and postoperative regimen do 
not differ from what we do for open release. 

  Fig. 3.18    When the ulnar nerve is transposed, its vascu-
larity should be preserved as much as possible (Courtesy 
J. Ballesteros)       

  Fig. 3.19    Resection of the intermuscular septum is an 
important step of subcutaneous ulnar nerve transposition 
(Copyright IPHOC)       
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   Results 
 Zlowodzki and coauthors [ 6 ] concluded in their 
meta-analysis of 4 studies, 261 patients and 21 
months of average follow-up, that there was no 
difference between motor nerve conduction 
velocity or clinical outcome scores between sim-
ple decompression and ulnar nerve transposition 
in patients with no history of prior trauma. 
Macadam and coauthors [ 7 ] in their meta-analy-
sis found that there was no statistically signifi -
cant difference in clinical outcomes between 
decompression versus transposition but did sug-
gest that there was a trend towards better out-
comes with transposition. Of note, Bartels and 
coauthors [ 8 ] found that there was a signifi cantly 
lower complication rate, 9.6 % vs. 31.1 % (risk 
ratio 0.32), in the simple decompression arm of 

a

c

b

  Fig. 3.20    ( a ) After the nerve is released and the intermuscu-
lar septum resected, a subcutaneous pocket is developed with 
the simple aid of the fi nger. ( b ) The nerve is placed anterior 
to the medial epicondyle. ( c ) A simple suture between the 

medial epicondyle and the subcutaneous tissue is performed 
to avoid posteior displacement of the nerve with elbow 
 fl exion and extension.  ME  Medial Epicondyle,  UN  Ulnar 
Nerve,  FCU  Flexor Carpi Ulnaris (Copyright IPHOC)       

  Fig. 3.21    If a fascial fl ap is elected to avoid posterior 
nerve displacement, great care must be taken to avoid sec-
ondary entrapment at that level (Copyright IPHOC)       
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their prospective randomized controlled study 
compared to the anterior subcutaneous transposi-
tion group.     

    Chronic Medial Instability 

    Indications 

 Injuries to the MCL present in throwers: baseball 
players in the US, Japan and some other countries; 
jabaline throwers, handball or tennis players in 
Europe. When the diagnosis is made, patients 
undergo a trial of conservative treatment, includ-
ing reeducation of the throwing mechanics. Failure 
to improve with non-operative measures is the 
main indication for a surgical reconstruction of the 
ligament. On rare occasions, there may be an overt 
valgus instability due to a previous ligamentous 
injury that did not heal adequately (Fig.  3.22 ).

   It is important to recognize that the majority 
of patients with MCL problems have additional 
pathology on the lateral and posterolateral com-
partments of the elbow that may require addi-
tional surgical gestures in the context of the 
valgus extension overload syndrome.  

    Surgical Technique: Docking 
Procedure (Fig.  3.23 ) 

       Patient Setup and Graft Selection 
 The operation is performed under regional anaes-
thesia if a graft from the ipsilateral arm or an 

allograft is used. Otherwise, general anaesthesia 
is required. The choice of graft source site is 
based both on surgeon’s preference and on spe-
cifi c features related to the patient. An allograft 
- extensor hallucix longus, gracillis, tibialis ante-
rior - is preferred in revision cases or in patients 
with hiperlaxity. In routine primary cases, auto-
grafts from the arm -P almaris or triceps fascia - 
or from the leg – gracilis - are used. 

 Surgery is performed with the patient supine 
and the arm away from the patient’s side on a 
 surgical hand table. The arm is routinely prepared 
and draped to the level of the shoulder and a ster-
ile tourniquet is used to allow greater access to the 
upper arm. Full shoulder rotation is necessary to 
gain access to the medial side of the elbow joint. 
Folded surgical towels placed beneath the elbow 

  Fig. 3.22    This patient presented with severe medial instability after a chronic injury to the medial collateral ligament 
(Copyright IPHOC)       

  Fig. 3.23    The Docking Technique involves creation 
ulnar and humeral tunnels to reconstruct the defi cient liga-
ment. A tendon graft is passed through these tunnels, and 
fi xed proximally over a bony bridge (Copyright IPHOC)       
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help to maintain shoulder external rotation and to 
better present the medial elbow to the surgeon. 

   Landmarks and Skin Incision 
 The medial epicondyle, olecranon and the ulnar 
nerve are palpated and marked in the skin. A 
10-cm incision is made over the medial epicon-
dyle and carried down through the subcutaneous 
tissues. Care is taken to protect the sensory 
branches of the medial antebrachial cutaneous 
nerve, just anterior to the medial epicondyle.  

   Deep Exposure 
 The ulnar nerve is identifi ed. If there are no pre-
operative neurologic symptoms or subluxation, 
the ulnar nerve is protected but no formal dissec-
tion is carried out. Conversely, if nerve transposi-
tion is required, dissection and mobilization of 
the nerve in preparation for anterior subcutane-
ous transposition should be performed before 
ligament reconstruction 

 The fl exor-pronator mass is then divided lon-
gitudinally along its fi bres by incising the dense 
fi brous raphe along the anterior margin of the 
FCU. The underlying muscle is bluntly split to 
expose the ulnar collateral ligament (Fig.  3.24 ). 
Once the ligament had been exposed, a deep, 
self-retaining retractor is placed to maintain 
exposure. At this point, the ligament is split lon-
gitudinally to visualize the ulnohumeral joint. 
The elbow is then stressed in valgus, showing an 
opening of the ulnohumeral joint if the MCL is 
incompetent.

   The tunnel positions for the ulna are exposed 
(Fig.  3.25 ). The posterior tunnel position requires 
that the surgeon expose the ulna 5 mm posterior 
to the sublime tubercle keeping in mind that the 
nerve lies immediately adjacent to this area. If the 
nerve subluxates anteriorly, and cannot be ade-
quately protected, a transposition is performed. 
Tunnels are made anterior and posterior to the 
sublime tubercle by using a 3-mm burr to create a 
1 cm bridge between them. The tunnels were 
carefully connected using a small, curved curette, 
avoiding violation of the bony bridge. A suture is 
passed through the ulnar tunnel for later passage 
of the graft (Fig.  3.26 ).

    Attention is then turned to the creation of the 
humeral tunnels. The origin of the MUCL on the 
inferior aspect of the medial epicondyle is identi-
fi ed and subperiostically exposed. A single 5 mm 
tunnel is created at this location. The longitudinal 
tunnel is created up the medial column of the epi-
condyle. Two 2.7-mm tunnels are then made 
from proximal to distal in the medial epicondyle 
connecting with the primary humeral tunnel and 
preserving a 5- to 10-mm bone bridge between 

  Fig. 3.24    The medial collateral ligament is exposed by 
longitudinally dividing the muscle fi bers of the fl exor 
carpi ulnaris (Courtesy J. Ballesteros)       

  Fig. 3.25    Deep exposure should allow visualization of 
the ulnar attachment of the anterior band of the medial 
collateral ligament, where the tunnels should be placed 
(Copyright IPHOC)       
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the 2 smaller tunnels (Fig.  3.27 ). Through these 
tunnels the sutures of the two graft ends will be 
tied over the bone bridge. Finally, the distal tun-
nel is enlarged to a diameter that allows docking 
of the free ends of the graft. A suture passer is 
used to pass one suture from each proximal tun-
nel to the distal one for the fi nal passage of the 
graft sutures.

   A 12–15 cm graft is prepared in the side table 
by placing a Krakow suture with a number 2 non- 

absorbable suture along one of the free ends 
(Fig.  3.28 ). The graft is then passed from anterior 
to posterior through the ulnar tunnel with the aid 
of the shuttle suture previously passed through 
the tunnels (Fig.  3.29 ). The limb of the graft with 
sutures is docked into the humeral tunnel and its 
suture is passed through one of the proximal tun-

  Fig. 3.26    The ulnar tunnels are connected and a suture is 
passed through them for easier tendon passage. The size 
of the tunnels should be enough to allow tendon introduc-
tion without damaging its integrity while passing it 
through bone (Copyright IPHOC)       

  Fig. 3.27    Proximal humeral tunnels are done by connect-
ing the anatomic location of the proximal insertion of the 
medial collateral ligament just anterior and inferior to the 
medial epitrochela ( HT1 ) with the anterior ( HT2 ) and pos-
terior ( HT3 ) cortex of the distal humerus just above the 
medial epicondyle.  UN  ulnar nerve,  FCU  fl exor carpi 
ulnaris (Copyright IPHOC)       

  Fig. 3.28    Both ends of the tendon graft are secured with 
a Krakow suture (Copyright IPHOC)       

  Fig. 3.29    The graft is passed through the ulnar and 
humeral tunnels with the aid of suture shuttles (Copyright 
IPHOC)       

 

 

 

 

S.A. Antuña et al.



39

nels with the aid of the shuttle suture. With this 
limb of the graft slightly tensioned, the elbow is 
moved to eliminate creep within the tendon. The 
fi nal length of the graft is then determined by 
placing the free end close to the humeral tunnel 
and visually estimating the length that would 
allow it to be tensioned within the humeral tun-
nel. The excess graft is excised and a No. 2 
braided non-absorbable suture is placed in a 
Krackow fashion along the free end. This end of 
the graft is then docked in the humeral tunnel 
with the sutures exiting the small tunnel 
(Fig.  3.30 ).

     Final graft tensioning is performed by placing 
the elbow through a full range of motion main-
taining the elbow in varus. Once the graft tension 
is adjusted, the sutures are tied over the bony 
bridge on the humeral epicondyle.  

   Closure and Postoperative Management 
 The fl exor muscle fascia is closed, the tourni-
quet is released, and hemostasis is confi rmed. 
If ulnar nerve transposition is necessary, the 
nerve is mobilized and left anterior to the 
 epicondyle. Subcutaneous and subcuticular 
closure is performed in a standard fashion. A 
sugar tong splint is applied at 60° of elbow 
fl exion and the arm is placed into a shoulder 
arm immobilizer. 

 The elbow is immobilized for 10 days and 
sutures are removed at that time. Active wrist, 

elbow, and shoulder range-of-motion exercises 
are initiated. After 4–6 weeks, strengthening 
exercises are begun while avoiding valgus stress 
until 4 months after surgery. At 4 months, the 
patient begins a throwing program. Generally, 
players do not participate in competitive situa-
tions until 9 months after the operation.  

   Results 
 The largest outcome study to date looking at 
MCL repair with autogenous graft reviewed 743 
athletes with a mean follow up of 37 months. The 
study found that 83 % of patients returned to their 
level of competition at an average of 1 year after 
surgery. The complication rate was 20 %, with 
only 4 % of these being major [ 9 ]. 

 In a series of 116 patients (mean age 
20.4 years) – with a mean follow up of 39 months- 
in whom the MCL was repaired with an allograft, 
88 % returned to play at the same or higher level 
compared to before surgery at an average of 
9.9 months [ 10 ]. 

 In a study of 55 young athletes (average age 
17.6 years) who underwent MCL reconstruction 
using the docking technique – with a follow up of 
31 months- 87 % had excellent results. The two 
patients who had poor results were gymnasts 
who had concomitant osteochondritis dissecans 
of their capitellum [ 11 ].     

    Author’s Perspective 

 Pain on the medial aspect of the elbow may be a 
diagnostic challenge. When the ulnar nerve is 
the source of problems, it can be easily identi-
fi ed by concomitant symptoms in the hand. 
Ulnar nerve compression should me treated 
operatively only when there is clear evidence of 
nerve compression or instability. When nerve 
compression presents as an isolated, idiopathic, 
syndrome, endoscopic or open decompression 
is usually enough to resolve symptoms. 
However, when it presents in the context of 
severe elbow valgus, additional pathology 
affecting the cubital tunnel or nerve instability, 
anterior transposition should be considered. 
Subcutaneous transposition is more commonly 

  Fig. 3.30    The graft is docked in the humeral tunnels and 
the suture is tied over a bony bridge with the appropriate 
tension (Copyright IPHOC)       
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used and leads to a lesser degree of complica-
tions than submuscular transposition. 

 Insuffi ciency of the medial collateral ligament is 
most commonly encountered in throwing athletes 
and should always be initially treated with re-edu-
cation and physical therapy. Reconstruction of the 
ligament should be cautiously indicated only after 
conservative treatment fails. The docking tech-
nique without ulnar nerve mobilization offers satis-
factory results with a low complication rate. The 
ulnar nerve should be transposed only it is unstable 
or the patient has preoperative symptoms.     
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      Open Reduction and Internal 
Fixation for Distal Humerus 
Fractures and Nonunions                     

     Joaquin     Sanchez-Sotelo     

    Abstract  

  Open reduction and internal fi xation is the treatment of choice for most adult 
patients with fractures of the distal humerus. Articular fractures of the distal 
humerus involving only the capitellum have uniformly good outcomes when 
properly fi xed. More complex shear fractures of the articular surface of the 
humerus and fractures extending into the columns require meticulous atten-
tion to exposure and fi xation techniques; parallel plating using precontoured 
periarticular plates is most reliable for the whole spectrum of fracture pat-
terns. Distal humerus nonunions may also be treated with internal fi xation; 
protection of the ulnar nerve, adequate debridement of the nonunion site, 
selective shortening to ensure good contact and compression, release of 
associated contractures, and liberal use of bone graft are paramount for suc-
cess. As mentioned in other chapters, elbow arthroplasty is better suited for 
selected distal humerus fractures and the salvage of some nonunions.  

  Keywords  

  Distal humerus fracture   •   Distal humerus nonunion   •   Internal fi xation   • 
  Bone grafting  

      Indications 

    Distal Humerus Fractures 

 Although non-operative treatment (“benign con-
scious neglect”) is considered by some surgeons 
for elderly debilitated patients with distal 

humerus fractures, most patients presenting with 
this injury benefi t from surgery. The relative indi-
cations for internal fi xation or arthroplasty are 
not crystal clear. However, arthroplasty is gener-
ally reserved for extremely comminuted fractures 
in the elderly patient. Every effort should be 
made to treat with internal fi xation all fractures 
deemed fi xable based on pattern and 
comminution.          J.   Sanchez-Sotelo ,  MD, PhD       

  Department of Orthopedic Surgery ,  Mayo Clinic , 
  Rochester ,  MN   55905 ,  USA   
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    Distal Humerus Nonunions 

 Internal fi xation is the treatment of choice for 
most distal humerus nonunions as well. However, 
arthroplasty is more commonly considered com-
pared to the acute setting, particularly when the 
bone stock in the distal fragments is really poor, 
the cartilage of the articular surface severely 
damage, or in elderly patients, especially females.   

    Technique 

    Parallel Plating for Fractures 
Affecting the Columns 

    Imaging Studies 
 Plain radiographs provide a reasonable idea of 
the nature and complexity of the injury 
(Fig.  4.1 ). However, comminution, displace-
ment, and fragment overlapping may make it 
diffi cult to fully understand the fracture. Our 
preference is to obtain a computed tomography 
with three- dimensional reconstruction for all 
elbows taken to the operating room for internal 

fi xation of a distal humerus fracture affecting 
the columns (Fig.  4.2 ). Once the patient is under 
anesthesia in the operating room, plain radio-
graphs or fl uoroscopy with the upper extremity 
under traction may provide additional valuable 
information.

        Anesthesia and Positioning 
 Our preference is to operate on these injuries 
with the patient under general anesthesia, in the 
supine position, and with the arm over the 
patient’s chest (Fig.  4.3 ); alternatively, the patient 
may be positioned lateral or prone. Our patients 
are typically consented for a postoperative bra-
chial plexus axillary block for pain control and 
the block is only performed provided the distal 
neurologic exam is normal after surgery. The arm 
is draped free taking care to ensure exposure of a 
large enough surgical fi eld both proximally and 
distally. Our preference is to cover the skin with 
iodine-impregnated adhesive fi lm. We use a ster-
ile tourniquet in order to avoid contamination of 
the proximal edge of the surgical fi eld and to 
allow easy removal for proximal extension of the 
approach if needed.

a b

  Fig. 4.1    Anteroposterior ( a ) and lateral ( b ) radiographs 
show a comminuted intraarticular fracture of the distal 
humerus affecting both columns. The detail of the frac-

tured fragments is diffi cult to appreciate due to fracture 
comminution and fragment overlap       
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a

c

e

d

b

  Fig. 4.2    ( a – e ). Computed tomography shows the same injury displayed in Fig.  4.1 . Rotation of the 3-dimensional 
reconstruction images and subtraction of the forearm assist with preoperative planning       
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       Superfi cial Landmarks and Incision 
 The main landmarks include the location of the 
ulnar nerve, the tip of the olecranon, the subcuta-
neous border of the ulna, and the posterior central 
line of the arm. The incision is placed over the 
subcutaneous border of the ulna, curves slightly 
medial to the tip of the olecranon, and continues 
proximally centered on the posterior aspect of the 
arm. The incision needs to be longer distally if 
[ 1 ] the ulnar nerve will be formally transposed 
[ 2 ], plate fi xation will be used for an olecranon 
osteotomy, or [ 3 ] the anconeus will be formally 
lifted with the extensor mechanism for exposure. 
The proximal extent of the skin incision is based 
on [ 1 ] the anticipated length of the plates to be 
used [ 2 ], the size of the patient and [ 3 ] the need to 
formally identify the radial nerve when an extra- 
long lateral plate is to be used.  

    Ulnar Nerve Management 
 The ulnar nerve may be [ 1 ] decompressed and 
left in situ [ 2 ], formally transposed in an anterior 
subcutaneous pocket, or [ 3 ] transposed during 
the case and then repositioned in its anatomic 
location. Our preference is to formally transpose 
the ulnar nerve in the majority of the cases; care 
is taken to preserve the perineural vascularity as 
best as possible, and the position of the nerve is 
constantly observed and ensured to be safe dur-
ing fracture reduction, plating and insertion of 
wires and screws. The medial intermuscular sep-
tum is oftentimes partially resected distally to 

avoid tenting of the nerve. We favor in situ 
decompression of the ulnar nerve in the uncom-
mon circumstance when the lateral column is 
fractured but the medial column is not, and place-
ment of a medial plate becomes unnecessary.  

    Deep Exposure 
 Extraarticular fractures and fractures with a sin-
gle intraarticular fracture line may be properly 
approached using the so-called bilaterotricipital 
Alonso-Llames approach. However, most frac-
tures need more extensile exposure by either 
detaching the extensor mechanism off the ulna in 
various ways (triceps split, triceps refl ection from 
medial to lateral [Bryan-Morrey], from lateral to 
medial [extensile Kocher] or posteriorly [TRAP 
approach]) or performing an olecranon osteot-
omy. Our preference is to use a chevron-shaped 
olecranon osteotomy (Fig.  4.4 ).

   Our fi rst step to perform an olecranon osteot-
omy is to elevate the triceps off the distal humerus 
using a periosteal elevator. The dissection is then 
carried medially and distally dividing the capsule 
and posterior band of the medial collateral liga-
ment until the bare area of the olecranon can be 
visualized. The periosteum on the dorsal aspect 
of the ulna is then marked with electrocautery in 
a chevron shape with the tip distally. The lateral 
limb of the chevron is then extended laterally 
dividing the anconeus muscle. Two small 
Hohman retractors are placed medially and later-
ally in line with the planned osteotomy and used 
to lever the ulna up and away from the distal 
humerus in order to avoid inadvertent damage to 
the distal humerus cartilage; alternatively, the 
ulna may be lifted with a drain or a sponge passed 
around the greater sigmoid notch. The osteotomy 
is initiated with a thin micro-sagittal saw and 
completed with an osteotome. The osteotomized 
fragment is then mobilized proximally with the 
triceps and part of the anconeus.  

    Reduction and Fixation 
 Reduction of the articular surface must be ana-
tomic whenever possible to avoid incongruity 
that would contribute to posttraumatic arthritis 
and/or limited motion. Reduction along the col-
umns should be anatomic as well’ provided ade-

  Fig. 4.3    The skin over the elbow is covered with iodine- 
impregnated adhesive fi lm, a sterile tourniquet is used, 
and the procedure is performed with the patient supine 
and the arm over the chest       
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quate contact and compression can be achieved; 
otherwise, intentional non-anatomic reduction is 
preferred if it allows better contact and compres-
sion. This includes moderate amounts of shorten-
ing and translation. 

 We feel strongly about the benefi ts of parallel 
plate fi xation using precontoured periarticular 
plates. The Mayo Clinic principles and technical 
objectives for internal fi xation of distal humerus 
fractures were published in 2007 and remain 
valid today (Table  4.1 ). Figure  4.5  demonstrates 
parallel plating fi xation step by step.

    Anatomic reduction of the articular fragments 
is achieved by derotating the fragments attached 
to the common fl exor and extensor groups and 
piecing together the rest of the articular frag-
ments with small Kirschner wires (Fig.  4.5a ). 
These wires should be placed closed to subchon-
dral bone (as opposed to in the center of the frag-
ments) to avoid interference with the screws that 
will be placed later. Smooth wires should be used 
when they are anticipated to be temporary. 
Additional Kirschner wires are used to maintain 
the reduction of the articular segment with the 
shaft. 

 Next, medial and lateral plates are provision-
ally placed (Fig.  4.5b ). Distally, it is best to pro-
visionally fi x the plates with 2.0 mm Steinmann 
pins place approximately in the center of the epi-
condyles. Proximally, provisional fi xation is 
achieved with one non-locking screw on each 
side through an oblong hole to allow later fi ne- 

tuning the position of the plates; this screw is not 
tightened fully. Distal plate fi xation is achieved 
next by placing multiple long screws through the 
plates fulfi lling all the technical objectives out-
lined in Table  4.1  (Fig.  4.5c ). 

 Once maximal distal plate fi xation has been 
accomplished, compression at the supracondylar 

a b

  Fig. 4.4    ( a ) The limbs of the olecranon osteotomy are marked so that they will exit over the bare area. ( b ) The oste-
otomy limbs are initialed with a saw and completed with an osteotome       

     Table 4.1    Principles and technical objectives for distal 
humerus fracture fi xation using parallel plating   

 Principles 

   Maximize fi xation in the distal fragments 
   Ensure that all distal fi xation contributes to stability 

at the supracondylar level 

 Technical objectives 

   Objectives concerning screws in the distal 
fragments (articular segment) 

    1. Each screw should pass through a plate 
    2. Each screw should encage a fragment on the 

opposite side that is also fi xed to a plate 
    3. An adequate number of screws should be 

placed in the distal fragments 
    4. Each screw should be as long as possible 
    5. Each screw should engage as many articular 

fragments as possible 
    6. The screws should lock together by 

interdigitation, thereby creating a fi xed-angle 
structure and linking the columns together 

   Objectives concerning the plates used for fi xation 

    7. Plates should be applied such that compression 
is achieved at the supracondylar level for both 
columns 

    8. Plates used must be strong enough and stiff 
enough to resist braking of bending before union 
occurs at the supracondylar level 
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a

c
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d

b

  Fig. 4.5    ( a ) Fracture reduction with subchondral 
Kirschner wires. ( b ) Medial and lateral plates are provi-
sionally fi xed with Steinmann pins distally and screws in 
an oblong hole proximally. ( c ) Maximum distal plate fi xa-
tion is achieved with multiple screws applied according to 
the principles outlined on Table  4.1 . ( d ,  e ) Compression at 
the supracondylar level is applied with a reduction clamp 

and maintained with screws inserted in the eccentric mode 
(From Sanchez-Sotelo et al. [ 4 ]. Modifi ed and used with 
permission of Mayo Foundation for Medical Education 
and Research. All rights reserved). ( f ) Final construct 
shows adequate metaphyseal compression and interdigita-
tion of screws distally       
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level is applied on each column sequentially. On 
the side to be compressed fi rst, the provisional 
screw in the oblong hole is backed out, compres-
sion is applied with a large pointed reduction 
clamp across the column, and the compression is 
maintained by insertion of a proximal screw in 
the compression mode (Fig.  4.5d ). The same 
steps are repeated on the opposite column 
(Fig.  4.5e ), and the remaining holes are fi lled 
with screws. The Steinmann pins are replaced by 
screws without the need to drill, which decreases 
the chance of accidental drill breakage (Fig.  4.5e ). 

 Additional small cortical fragments may be 
fi xed with small screws, wires or absorbable pins. 
The use of locking screws is controversial; on one 
hand, locking screws provide better stability, but 
on the other hand many locking screws can only be 
inserted in a specifi c trajectory, which may not be 
ideal for complex fractures, especially in the distal 
segments. We do favor locking screws to complete 

our fi xation proximally. When the lateral plate 
needs to be extended, it is important to formally 
identify and protect the radial nerve (Fig.  4.6 ).

       Management of Bone Loss 
 Bone loss is more common at the supracondylar 
level. When the amount of bone loss is extensive 
enough not to allow an anatomic reduction with 
adequate contact and compression, we utilize the 
technique of  metaphyseal shortening  (Fig.  4.7 ). 
Small areas of bone on the diaphyseal side are 
removed with a saw or burr shortening the humerus 
until adequate contact is achieved. Most cases 
require at the most 1–2 cm of shortening. As the 
humerus is shortened, the fossae for the coronoid, 
radial head, and olecranon disappear. To allow 
fl exion, the distal fragment is positioned anteriorly 
on the shaft, creating a enough space for the coro-
noid and radial head in fl exion; a new olecranon 
fossa is sculpted with a burr posteriorly.

a b

  Fig. 4.6    Preoperative ( a ) and postoperative ( b ) radiographs after parallel plating of a comminuted relatively low distal 
articular fracture       

 

4 Open Reduction and Internal Fixation for Distal Humerus Fractures and Nonunions



48

   Bone loss on the central portion of the troch-
lea can occasionally occur. As long as the distal 
humerus has the capitellum on the lateral side 
and the medial trochlea, the elbow articulation 
can function well provided the width of the 
humerus is not shortened. In these circum-
stances, we favor placement of a structural graft 
in the middle, recessed so that it will not articu-
late (Fig.  4.8 ). Major bone loss on the capitel-
lum or medial trochlea may require use of an 
osteoarticular allograft, but this situation is 
uncommon.

       Closure 
 When an olecranon osteotomy has been per-
formed for exposure, anatomic stable fixation 
of the osteotomy is important. Plate fixation is 

probably the strongest, but it is also associated 
with a higher rate of skin breakdown after sur-
gery, so we only use it for patients with rela-
tively poor ulnar bone quality and good skin 
quality. Otherwise, tension band constructs 
using an intramedullary screw or wires is of 
choice. Olecranon nails are very attractive but 
not fully developed yet. We typically release 
the tourniquet to obtain hemostasis prior to 
closure. The use of drains is optional. We 
favor skin closure with metallic clips when the 
skin is of good quality and monofilament 
suture in a vertical mattress configuration oth-
erwise. Our use of vacuum assisted closure 
systems has increased over time for open frac-
tures as well as those with worrisome soft 
tissues.  

a b

  Fig. 4.7    ( a ) Small areas of diaphyseal bone are removed 
to optimize contact in compression. ( b ) Plate fi xation fol-
lows the same principles outlined before (From O’Driscoll 

et al. [ 16 ]. Modifi ed and used with permission of Mayo 
Foundation for Medical Education and Research. All 
rights reserved       
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    Postoperative Management 
 In the operating room, the elbow is immobilized in 
extension with an anterior plaster splint and kept ele-
vated in this position for the fi rst 2–3 days. Continuous 
passive motion may be considered for compliant 
patients with adequate soft- tissues and no associated 
neurological injuries. Otherwise, unrestricted active 
and active assisted range of motion is initiated. Braces 
for stretching are initiated at week 2–4 for patients 
with diffi culty recovering a good arc of motion.   

    Articular Shear Fractures of the Distal 
Humerus 

    Imaging Studies 
 Simpler articular shear fractures involve only the 
capitellum or at the most the lateral trochlea; 
plain radiographs may be enough to evaluate 
these injuries (Fig.  4.9 ). More complex fractures 
with extension medially or to the epicondyles are 
best assessed using computed tomography with 

a

c

b

  Fig. 4.8    ( a ) CT scan demonstrates marked comminution 
of the central trochlea. ( b ) Structural allograft has been 
placed in a recessed position to maintain the width of the 

distal humerus. ( c ) Fluoroscopic image after reduction 
and fi xation demonstrates the recessed, intercalary graft       
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three-dimensional reconstruction. Magnetic res-
onance may be of value for small osteochondral 
fractures.

       Anesthesia and Positioning 
 Patients are anesthetized and positioned follow-
ing the same exact recommendations outlined 
above for fractures involving the columns, with 
the exception of those elbows when the reduction 
and fi xation will be assisted with arthroscopy, in 
which case we favor positioning the patient lat-
eral with the arm in an arthroscopic arm holder.  

    Exposure 
 Deep exposure for these fractures depends on the 
nature of the injury. Single osteochondral frag-
ments or fractures of the capitellum with or with-
out extension to the lateral trochlea may be 
approached with the assistance of arthroscopy or 
through a lateral approach. More complex frac-
tures extending medially or posteriorly are best 
approached though an olecranon osteotomy. 
Since arthroscopic techniques are described else-
where in this book, and we just described how to 
perform an olecranon osteotomy, we discuss in 

a

c

b

  Fig. 4.9    Simple fractures of the capitellum may be well visualized in simple radiographs. ( a ) Anteroposterior. ( b ) 
Lateral. ( c ) CT scans are very useful to understand more complex fracture patterns       
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this section lateral exposure of simple capitellar 
fractures. 

 The landmarks for fracture exposure laterally 
include the lateral epicondyle and Lister’s tuber-
cle at the wrist (Fig.  4.10 ). The fracture is exposed 
using the anterior interval of the so-called lateral 
column procedure, described for open contrac-
ture release (see Chap.   6    ). The skin incision is 
centered over the lateral epicondyle, extends 

proximally slightly anterior to the lateral humeral 
column and distally no more than 2–3 cm. Once 
subcutaneous fl aps are elevated, the common 
extensor group is split distal and anterior to the 
center of the epicondyle and in line with Lister’s 
tubercle. The exposure is continued proximally 
by detaching the origin of the common extensors 
off the lateral column. Proximal extension of this 
exposure would only be limited by the location of 

a

c

b

  Fig. 4.10    ( a ) Displaced fracture of the capitellum exposed through a lateral approach. ( b ,  c ) Internal fi xation with two 
cannulated headless compression screws       
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the radial nerve. Placement of either a Hohman or 
a bent knee retractor anterior to the distal humeral 
shaft provides excellent visualization of the ante-
rior aspect of the lateral joint.

       Internal Fixation 
 Internal fi xation strategies are based on frac-
ture pattern and exposure. Small osteochondral 

fragments not amenable to screw fi xation are 
fi xed with metallic or absorbable wires, some-
times sutured at the margin. However, in our 
practice most fractures are fi xed with headless 
cannulated screws introduced through the 
articular surface (Fig.  4.11 ). Retrograde fi xa-
tion of the capitellum is favored when reduc-
tion and fi xation are assisted with arthroscopy. 

a

c d

b

  Fig. 4.11    Complex articular shear fractures of the distal humerus are best exposed through an olecranon osteotomy 
and fi xed with multiple screws. ( a ) After olecranon osteotomy, an optimal view of a complex distal intrarticular fracture 
can be obtained. ( b ) Headless screws allow rigid fi xation of the articular fragments once they are anatomically reduced. 
( c, d ) Lateral and AP radiographic views showing good fracture reduction and optimal fi xation       
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A short lateral plate may be needed in the pres-
ence of lateral comminution or involvement of 
the epicondyle and origin of the lateral collat-
eral ligament (LCL) complex. Rarely, the LCL 
needs to be reattached using transosseous 
sutures or anchors. Tenuous fi xation may be 
neutralized by complete  immobilization of the 
elbow or use of an external fi xator with some 
distraction.

       Postoperative Management 
 Simple fractures of the capitellum are typically 
immobilized in 90 degrees of fl exion for 1–2 
weeks, at which point active and active assisted 
range of motion exercises are initiated. More 
severe injuries operated on through an olecranon 
osteotomy or its variants are immobilized in 
extension for the fi rs 2–3 days and rehabilitated 
along the lines described for fractures involving 
the columns.   

    Parallel Plating for Nonunion 

 Most distal humerus nonunions after internal 
fi xation occur at the supracondylar level. 
Nonunions after nonoperative treatment may 
have intraarticular components as well. Internal 
fi xation of distal humerus nonunions can be an 
extremely challenging procedure: bone stock is 
generally limited, and it is necessary to deal 
with any associated joint contractures and 
retained hardware, while protecting and some 
times dissecting a scarred ulnar nerve. Most 
considerations described for acute fractures 
regarding anesthesia, positioning, landmarks 
and incision also apply to distal humerus 
nonunions. 

    Imaging Studies 
 Plain radiographs obtained prior to surgery 
should be compared if possible with radiographs 
obtained at the time of injury as well as those 
obtained soon after previous fi xation attempts 
(Fig.  4.12 ). Computed tomography is useful to 
delineate the nonunited fragments and assess 
bone stock.

       Exposure and the Ulnar Nerve 
 Most of the times, previous fi xation attempts 
have been performed through a posterior midline 
skin incision, which can be used for the new fi xa-
tion attempt. Care should be taken to try to pal-
pate the course of the ulnar nerve prior to the start 
of the case. Management of the ulnar nerve 
depends on the presence of symptoms and previ-
ous surgery on the nerve. If the ulnar nerve was 
previously transposed and its course is known to 
be completely out of the way, formal dissection 
of the nerve may not be necessary. However, in 
most cases the ulnar nerve needs to be formally 
dissected and mobilized, especially when patients 
have persistent neuropathy secondary to previous 
surgeries. 

 Considerations for deep exposure are similar 
to those for acute fractures, with the caveat that 
fi xing a nonunion with the triceps on is much 
more diffi cult secondary to scarring. Our prefer-
ence is to approach these elbows through an 

  Fig. 4.12    Distal humerus nonunion represent a manage-
ment challenge, especially when distal bone stock is 
severely compromised       
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 olecranon osteotomy, especially if a previous 
osteotomy was used and did not unite. All hard-
ware is removed prior to fi xation.  

    Internal Fixation Technique 
 Parallel plating for distal humerus nonunion fol-
lows the same principles outlined for acute frac-
tures. Prior to fi xation, it is important to debride 
all the nonunited surfaces of fi brous tissue. Bone 
loss at the supracondylar level almost always 
requires a nonanatomic reduction to ensure con-
tact and compression (Fig.  4.13 ). Bone recon-
touring should be done on the shaft side to avoid 
compromising distal bone stock further Selective 
metaphyseal shortening, as described previously, 
is useful as well; in which case an effort needs to 
be made to recreate space for the radial head and 
coronoid in fl exion, as well as the olecranon in 
extension.

       Contracture Release 
 One of the challenges with distal humerus non-
union is the presence of an associated joint con-
tracture almost universally. If the contracture is 
not released at the time of fi xation, attempts to 
restore motion after surgery will either be unsuc-
cessful or stress the fi xation increasing the chance 
of micromotion at the nonunion site and fi xation 
failure. Some surgeons prefer to fi x the nonunion, 
ignore the contracture, let the nonunion heal, do 
not move the elbow after surgery, and plan for a 
scheduled contracture release later. Although this 
approach may be wise in patients with severely 
compromised bone and tenuous fi xation, our 
preference is to try to restore motion at the time 
of nonunion fi xation. 

 The posterior capsule and posterior band of 
the medial collateral ligament are easily accessi-
ble at the time of exposure. Most of the times, 
thick adherent capsule is found on the undersur-
face of the triceps and it should be completely 
removed. Access to the anterior capsule is best 
accomplished through the nonunion site; the 
anterior capsule is sharply excised taking care to 
protect the radial and the median nerves. In 
selected cases, these nerves need to be formally 
dissected to ensure that they are not damaged 
when performing the capsulectomy.  

    Bone Grafting 
 Most nonunions benefi t from the addition of bone 
grafting. Occasionally, heterotopic ossifi cation 
encountered at the time of nonunion fi xation can 
be removed during exposure and later use for 
bone grafting. However, most of the times it is 
best to use iliac crest bone. Large structural 
defects in the columns can be reconstructed with 
a tricortical graft. Particulate graft may also be 
added at all bone interfaces. In selected cases 
with loss of bone and cartilage on the articular 
segments, a partial osteoarticular allograft may 
be required. 

 A technique developed at Mayo Clinic to 
maintain the graft across the nonunion site 
involves harvesting two cortical plates from the 
iliac crest and fi xing them with screws (Fig.  4.14 ). 
These bony plates are typically 1 cm wide by 
3 cm long, they are applied on the posterior cor-
tex of each column, and fi xed with one or two 
screws from posterior to anterior. With this tech-
nique, bone graft does not migrate with motion, 
and compression to the underlying cortex may 
facilitate graft incorporation.

         Results 

 The most relevant results available in the litera-
ture on distal humerus fractures and nonunions 
fi xation are presented in Tables  4.2 ,  4.3 , and  4.4 .

         Author’s Perspective 

 Satisfactory outcomes are diffi cult to obtain 
when managing distal humerus fractures. These 
injuries are not common enough for individual 
surgeons to accumulate a vast experience. 
Luckily, suboptimal fi xation with wires or screws 
is seen less and less. A systematic approach to 
fractures of the columns has led to better out-
comes in terms of union and motion, but other 
complications such as ulnar neuropathy, hetero-
topic ossifi cation and soft-tissue problems con-
tinue to occur [ 15 ]. 

 Recognition of the widespread severity of 
shear fractures of the articular surface of the dis-
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tal humerus has contributed to better manage-
ment of the more complex patterns, but patients 
are still being treated poorly for this injuries most 
of the times due to lack of understanding of the 

whole extent of the injury as well as lack of 
exposure. 

 Distal humerus nonunions represent a whole 
other level of complexity compared to acute frac-

a

c

b

  Fig. 4.13    Distal humerus nonunions require oftentimes 
intentional non-anatomic reduction at the supracondylar 
level to achieve contact and compression. ( a ) Articular 

segment fi xed anatomically. ( b ) Maximizing contact and 
compression. ( c ), Plate fi xation       

 

4 Open Reduction and Internal Fixation for Distal Humerus Fractures and Nonunions



56

tures. Not only the surgeon must master all aspects 
of distal humerus fracture fi xation, but also often-
times deal with associated contractures, a com-
promised ulnar nerve, and the need for iliac crest 

bone grafting. Elbow arthroplasty should be more 
commonly considered as an alternative salvage 
procedure in the management of distal humerus 
nonunions as compared to acute fractures.     

a b

  Fig. 4.14    ( a ) Iliac crest bone graft may be fi xed across each column with screws. ( b ) Bone graft plates added posteri-
orly; a burr may be used to deepen or recreate the olecranon fossa if needed       

   Table 4.2    Results of column fractures fi xation   

 Study  n  Results  Complications 

 Jupiter et al. (1985) [ 1 ]  34  79 % satisfactory, 76 % 
functional motion 

 Nonunion (2), refracture (1) olecranon osteotomy 
nonunion (2), class II HO (1), ulnar neuropathy 
(4) median neuropathy (1) 

 McKee et al. (2000) [ 2 ]  25  Mean DASH 20 (0–55), 
mean motion 108 

 Ulnar neuritis (3), transient radial nerve palsy (1), 
nonunion (1), malunion (1), contracture release 
(2), hardware removal (3) 

 Gofton et al. (2003) [ 3 ]  23  Satisfactoty MEPS 87 %, 
mean motion 122° 

 Deep infection (1), olecranon osteotomy nonunion 
(2), class II HI (3), avascular necrosis (1), 
nonunion (1) complex regional pain syndrome (1), 
contracture release (3), delayed union (3) 

 Sanchez- Sotelo et al. 
(2007) [ 4 ] 

 32  83 % satisfactory MEPS, 
mean extension 26 (0–55), 
mean fl exion 124 (80–150) 

 Delayed union (1), ulnar neuropathy (6), class II 
HO (5), infection (1) 

 Flinkkila et al. (2014) [ 5 ]  47  Excellent 14, good 8, fair 
3, poor 2. Mean motion 
123° 

 Infection (3), nonunion (1), malunion (1), 
olecranon osteotomy nonunion (1), hardware 
removal 28 % 
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Reconstruction Techniques 
for Fractures of the Proximal Ulna 
and Radial Head
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Abstract

The decision to operate on an elbow fracture is variable and is dependent 
on several factors. Careful consideration should be given to patients with 
multiple comorbidities, a high risk of non-compliance and patients in 
whom the procedure is unlikely to meet their expectations. Surgery is gen-
erally recommended for fractures that cannot be reduced by closed means, 
inherently unstable fracture patterns and for fractures with significant liga-
mentous injuries in which the stability of the elbow is compromised

The aim of any chosen treatment is to maintain a painless, stable elbow, 
with an acceptable functional range of motion. This Chapter discussed the 
operative management of olecranon, coronoid and radial head fractures.
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 Introduction

The decision to operate on an elbow fracture is 
variable and is dependent on several factors. 
Surgical decision-making is driven by patient fac-
tors, fracture characteristics and their expected 
prognosis, as well as the degree of coincident soft 
tissue damage. Surgery is generally recommended 
for fractures that cannot be reduced by closed 
means, inherently unstable fracture patterns and 
for fractures with significant ligamentous injuries 
in which the stability of the elbow is compromised. 
A thorough pre-operative assessment includes a
clinical history and examination; plain/stress 
radiographs, and a computed  tomography (CT) 
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scan. A magnetic resonance imaging (MRI) scan
or dynamic fluoroscopic assessment may be useful 
adjuncts to identify subtle soft tissue injuries that 
can help develop a management plan that is ana-
tomically and mechanically sound.

Careful consideration should be given to 
patients with multiple comorbidities, a high risk 
of non-compliance and patients in whom the pro-
cedure is unlikely to meet their expectations. The 
aim of any chosen treatment is to maintain a 
painless, stable elbow, with an acceptable func-
tional range of motion. Patients should be care-
fully counselled regarding the degree of their 
injury; the planned intervention and the risks 
associated with it; the post-operative recovery 
period and its duration; the recommended restric-
tions and rehabilitation requirements; and their 
expected prognosis. A clear understanding of
these fundamental aspects of a patient’s care can 
enhance the surgeon-patient relationship and 
increase the likelihood of a favourable outcome.

 Olecranon Plating for Acute 
Fractures

 Radiology

The fracture characteristics that determine treatment 
are assessed using anteroposterior (AP) and lateral
plain radiographs (Figs. 5.1a, b and 5.2a, b). A CT
scan can be helpful and is ordered as an adjunct to 
better understand the fracture pattern and help with 
pre-operative planning in the case of a comminuted 
olecranon fracture (Figs. 5.1c, d and 5.2c).

Plain radiographs can be used to template the 
surgery using tracings of the bone fragments and 
templates of the equipment to be used. This is a 
useful way of ensuring that the anatomy and 
pathology are well understood, so that problems 
can be anticipated and the correct equipment and 
implants are made available pre-operatively.

 Indications

Comminuted or osteoporotic olecranon fractures 
are best managed with plate osteosynthesis. We 
also consider plate fixation in preference to ten-

sion band wiring (TBW) in cases where the TBW 
construct can not be applied at right angles to the 
fracture line and in revision cases for failed TBW.

 Patient Positioning

The patient is positioned in the lateral decubitus 
position with the arm hanging freely over a bol-
ster, with an above elbow, non-sterile pneumatic 
tourniquet applied. The bony prominences are 
well padded, ensuring free movement of the 
abdomen and chest during respiration. A 1 L
saline bag is placed beneath the chest wall on the 
contralateral side to protect the neurovascular 
structures. A beanbag is then inflated to support
the patient. Care is taken to ensure that the elbow 
can be flexed and extended in this position and 
that the image intensifier can acquire the desired 
radiographs pre-operatively before the arm is 
definitively prepped and draped. A padded mayo
stand is used to position the arm on in extension 
to assist with reduction and application of the 
instrumentation (Fig. 5.1e, f). An alternate
method of positioning is supine with the arm 
placed across the chest. This is done in cases 
where lateral positioning is contra-indicated.

 Anaesthesia

All of the procedures in this chapter can be done
under a regional anaesthetic alone if patient fac-
tors allow. However, for more challenging cases a 
general anaesthetic is preferred in combination 
with a regional block for post-operative pain con-
trol. If there is any concern regarding compart-
ment syndrome or neurovascular compromise, 
regional block is contra-indicated.

 Superficial Landmarks

The bony olecranon process, the medial and lat-
eral epicondyles are palpated. The medial and 
lateral sides are clearly marked. The position of 
the ulnar nerve (UN) is outlined. The subcutane-
ous border of the ulnar shaft is palpated and 
marked.
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 Incision

A longitudinal incision is made on the posterior
aspect of the elbow, beginning 5 cm proximal to
the olecranon fragment in the midline of the pos-
terior arm. Just above the tip of the olecranon, the 
incision is curved laterally so that it runs down 
the lateral side of the olecranon process. The 

incision is then curved back medially in line with 
the subcutaneous border of the ulna shaft and 
extended distally as far as necessary (Fig. 5.1e). 
Curving the incision around the tip of the olecra-
non moves the incision away from the UN and
ensures that the suture line is not directly over the 
weight-bearing tip of the elbow or over the metal-
lic implants.

Fig. 5.1 A 67 year-old right-hand dominant male sus-
tained a closed, isolated injury to his left elbow following 
a fall from a ladder. X-Ray exam demonstrated a commi-
nuted, intra-articular left olecranon fracture. A CT scan
was obtained to better understand the fracture fragments 
and plan surgery. Intra-articular fragments were fixated
with a combination of threaded k-wires and plate fixation. 
Double plating was required to control the fragments. (a) 
Left elbow pre-operative AP radiograph. (b) Left elbow 

pre-operative lateral radiograph. (c) Medial 3-Dimensional
CT scan. (d) Lateral 3-Dimensional CT scan. (e) The 
patient is positioned in a lateral decubitus position with 
the arm over a bolster. The skin is marked to identify the 
ulnar nerve and planned operative incision. (f) A Mayo
stand can be placed to hold the elbow in an extended posi-
tion to assist with reduction. (g) AP left elbow post-
operative radiograph. (h) Lateral left elbow post-operative 
radiographs
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 The Ulnar Nerve

In the trauma setting, the UN may be displaced or
damaged. If no damage is suspected and the frac-
ture pattern doesn’t require dissection in close 
proximity of the UN, the operation may be per-
formed without dissecting out and identifying the 
nerve.

In all other circumstances, the UN should be
explored in the cubital tunnel on the medial 
aspect of the elbow. The nerve is most safely 
found proximally within the medial triceps fascia 
a few centimeters proximal to the elbow joint 
line. It can then be traced distally and unroofed
within the cubital tunnel by incising over the 
cubital tunnel and Osborn’s fascia. We avoid 

mobilizing the nerve and simply decompress it 
in-situ. However, if the nerve is found to be 
unstable, then it is fully mobilized and transposed 
subcutaneously. In such a case, care should be
taken to identify and protect the flexor carpi ulna-
ris (FCU) motor branch as the release is extended
distally into the FCU muscle belly. In this sce-
nario, the nerve is completely dissected out and a 
vascular loop passed around it, to ensure that it 
can be easily identified at all times.

 Expected Findings

The haematoma and periosteum are cleared from 
the fracture site to expose the distal articular surface 
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of the humerus. The joint is inspected and any 
intra-articular irreparable fragments are removed 
with a thorough joint lavage. In comminuted frac-
tures with a fragmented articular surface, preserve 
these fragments for anatomic reduction if 
possible.

The soft-tissue attachments and periosteum 
are then reflected off the edges of the fracture 
fragments, to facilitate visualization of the reduc-
tion and ensure joint congruency. Care should be 
taken to preserve soft-tissue attachments to small 
reparable bony fragments.

 Reduction and Fixation Technique

The fragments are carefully manipulated using 
bone holding forceps and maneuvered into posi-
tion to ensure coaptation and joint congruity. 
The padded Mayo stand is brought in to position 
the elbow in extension and allow ease of reduc-
tion by approximating the bony ends. The 
reduction is temporarily held with a large tenac-
ulum clamp. A single drill hole is made in the
dorsal cortex of the distal fragment to facilitate 
application of the clamp. Ideally, this drill hole
should be placed in a position that holds the 
clamp at 90° to the fracture line while not com-
promising the positioning of the plate. 
Alternatively, Two 1.6 mm Kirschner-wires can
be positioned across the fracture site to hold the 
reduction or to augment the fixation.

In the case of fracture comminution, this
may not be achievable. Small or comminuted 
fracture fragments can be held temporarily with 
smooth k-wires, or a small, eccentrically-posi-
tioned plate (Fig. 5.1g, h). For comminuted
intra-articular fractures, threaded Kirschner
wires can be used to augment the fixation and 
can be cut at the level of the bone and left in-
situ (Fig. 5.2d, e). At which point the major
olecranon fragment is reduced and fixated with 
plate osteosynthesis.

The dorsal cortical surface and articular edges 
are visually inspected to confirm anatomical 
reduction. Intra-operative fluoroscopy is used to
confirm a concentric reduction prior to plate 
fixation.

Our preference is to hold the fracture 
using a pre-contoured low profile locking 
plate that matches the olecranon as closely 
as possible. Special care is taken to recreate 
the proximal ulnar dorsal angulation [1]. 
When fixing the plate, locking options are 
useful in osteoporotic bone and very proxi-
mal fractures but are not necessary in 
younger, healthy bone.

When positioning the plate, a full-thickness 
midline split in the triceps can aid in position-
ing the plate directly onto the olecranon and 
minimize plate prominence. The positioning of 
the plate around the proximal olecranon is 
especially useful in very proximal fractures or 
in osteoporotic bone to allow further support 
by wrapping around the olecranon and prevent-
ing escape of the fragment. The plate is first 
secured distally and compression holes can be 
used to advance the plate closer to the olecra-
non tip. The triceps is always repaired at the 
end of the case.

The proximal fragment is then fixed with mul-
tiple screws that do not cross the fracture site. 
These screws should be unicortical but as long as 
possible to optimize proximal fixation. Once fix-
ation is obtained proximally, distal screws can be 
used to compress appropriate fractures. Finally,
the most proximal axial screw(s) can be inserted 
from the olecranon tip into the anterior ulnar 
diaphysis crossing the fracture site (Figs. 5.1g 
and 5.2e).

The elbow is then taken through a gentle range 
of motion to ensure that the joint glides smoothly 
in flexion/extension and rotation. Dynamic grind-
ing or an early block to motion may be a sign of 
intra-articular screw penetration or joint incon-
gruence of either the ulnohumeral or proximal 
radioulnar joints.

Finally, fluoroscopy is used to confirm appro-
priate plate and screw position. Due to the com-
plex shape of the articular surface, oblique 
images and live fluoroscopy are helpful to ensure 
that all screws are the appropriate length and 
extra-articular.

Although plating is more commonly used; for
simple transverse fracture patterns, tension band 
fixation is suitable and less expensive.
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Fig. 5.2 A 30 year-old right-hand dominant male sus-
tained a closed, isolated injury to his right elbow follow-
ing a fall while running. X-Ray exam demonstrated a
comminuted, intra-articular right olecranon fracture. 
Intra-articular fragments were fixated with threaded
k-wires which were cut flush with the bone. The olecra-
non process was then reduced over it and a pre-contoured 
locking plate was used to hold the fracture. (a) Right

elbow pre-operative AP radiograph. The radiocapitellar
joint is relatively well-preserved. (b) Right elbow pre-
operative lateral radiograph. A comminuted intra-articular
olecranon is demonstrated. (c) Right elbow sagittal CT
scan demonstrating fracture comminution and joint 
depression. (d) Right elbow post-operative AP radio-
graph. (e) Right elbow post-operative lateral radiograph
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 Pitfalls and How to Avoid 
Complications

 Large Bone Defects
Large defects are more often seen in the osteopo-
rotic patient due to severe fracture comminution. 
In such cases, excision of the comminution and
advancement of the proximal fragment remains a 
viable option only in the older low demand 
patient [2–4]. This procedure is however contra- 
indicated in the unstable elbow. Biomechanical 
studies have shown that there is increased angular 
and rotational instability with sequential excision 
of the olecranon. Hence, the excision is kept to a 
minimum [5].

In the younger patient with bone loss, all effort
is done to preserve the length of the olecranon by 
maintain the articular integrity, and filling the 
bony defect with autologous bone graft, bone 
substitute, or allograft. Care should be taken in 
uncontained cortical defects to avoid inadvertent 
intra-articular graft migration or extrinsic com-
pression of the UN.

 Poor Fixation of the Proximal 
Olecranon Fragment
Sometimes, due to fracture comminution or poor 
bone quality, the proximal olecranon fragment 
cannot be fixed securely using a plate. In this sce-
nario, the proximal olecranon fixation can be 
augmented using a running Krackow stitch of the
triceps tendon that is then passed distally through 
either the plate or parallel transosseous drill 

tunnel(s) [6]. Alternatively, an 18G detensioning
wire can be used. In addition, in these scenarios,
an extending plate is used to wrap around the 
olecranon to provide support and prevent escape 
of the proximal fragment. Such plates also allow 
further proximal screw options. Finally, in cases
with severe comminution, double and triple plat-
ing may be used (Figs. 5.1g, h).

 Failure to Recognise a More Complex 
Injury
The surgeon should be vigilant for subtle joint 
incongruity that may indicate an underlying soft- 
tissue injury and be prepared to address these at 
the time of surgery. Olecranon fractures can 
include avulsion fragments of the lateral ulnar 
collateral ligament (LUCL) and at times with
bony fragment from the proximal ulna (cristae 
supinatorum), the medial collateral ligament 
(MCL), or the annular ligament (AL). They can
also involve the coronoid process fragments or 
fracture-dislocations of the ulnohumeral, radio-
capitellar and/or proximal radioulnar joints. 
Intra-operative examination of the elbow should
always be done to assess for joint stability after 
fracture fixation. When identified, each injury 
should be treated accordingly. Failure to address
and stabilise these coincident injuries can con-
tribute to early failure, chronic elbow instability 
and/or post-traumatic osteoarthritis [7].

 Post-operative Stiffness
Post-operative elbow stiffness is common and 
most often manifests as a loss of flexion or exten-
sion. Less commonly, supination or pronation is 
reduced and should raise the suspicion of a proxi-
mal radioulnar joint malunion, prominent hard-
ware, a missed Essex-Lopresti injury or missed 
distal radioulnar joint pathology. A stiff elbow
with a soft, passive end-point can be managed 
with aggressive physiotherapy. A stiff elbow with
a hard, distinct end-point, suggests an established 
capsular contracture or osseous block. In this sce-
nario, plain radiographs and a CT scan can be 
useful adjuncts to assess for heterotopic ossifica-
tion, joint malunion, screw penetration and joint 
arthrosis. With a congruent joint and no bony 
blocks to motion, with appropriate physiotherapy, 
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major gains can be achieved up to and beyond 1
year post surgery. In the rare case of significant
stiffness despite therapy, discussion of removal 
of hardware and osteocapsular release may be 
required.

 Ulnar Neuropraxia
Most ulnar neuropraxias are transient and a result 
of the initial trauma, post-operative swelling, a 
compressive haematoma, or over-zealous retrac-
tion during surgery. Most patients will recover 
within 6–12 weeks of surgery. If recovery is
delayed or incomplete, nerve conduction and 
electromyography studies can be a useful adjunct 
to diagnosis. If nerve damage or incomplete
recovery is suspected, exploration of the nerve 
with neurolysis is justifiable.

 Median or AIN Neuropraxia
Uncommonly, these nerves may be damaged sec-
ondary to the initial trauma, from iatrogenic drill 
or k-wire penetration of the anterior cortex of the 
proximal ulna [8].

 Implant Prominence
Plate prominence can be an issue especially in 
thin individuals as the swelling recedes and has 
been reported as the most common reason for a 
second surgery [7, 9].

 Postoperative Regimen

The elbow is immobilised in an above-elbow 
plaster splint for 2 weeks post-operatively in
about 70 degrees of flexion. A sling is supplied.
Active and passive shoulder and finger exercises
are encouraged from day 1.

At 2 weeks the splint is removed, the wound is
inspected and the sutures are removed. When 
good fixation is achieved (most cases), active- 
assisted and gravity-assisted elbow and forearm 
exercises are commenced at 2 weeks. Patients are
instructed to avoid active elbow extension and 
avoid forcing or stretching exercises and flexion 
passed 90° for another 3–4 weeks.

If the fixation is tenuous or the patient is unreli-
able, it is reasonable to augment the fixation with a 
splint immobiliser for an additional 2–4 weeks.

At the 6 week mark, full active range of
motion is allowed based on radiographic find-
ings, and progression to triceps strengthening is 
commenced at the 8 weeks post-operative mark.

 Coronoid Fractures

 Radiology

Coronoid fractures often suggest a more complex 
elbow injury and should raise the suspicion of a 
coincident ligamentous injury and/or a traumatic 
elbow dislocation with spontaneous relocation. 
The fracture characteristics that determine treat-
ment are assessed using anteroposterior and lat-
eral plain radiographs (Fig. 5.3a, b). Plain 
radiographs can be used to classify coronoid 
fractures into three basic types as described by 
Morrey (tip fracture of <10%; fractures≤50%
coronoid height; and fractures >50 % coronoid
height) [10].

We consider a CT as critical to fully appreci-
ate the injury pattern so that problems can be 
anticipated and the correct equipment and 
implants are made available pre-operatively. A
CT scan allows for a better understanding of the 
fracture pattern and helps with pre-operative 
planning (Fig. 5.3c–d). We use O’Driscoll et al.
classification of coronoid fractures to help guide 
management [11]. This classification is useful in 
identifying and understanding the pathoanatomy 
of the injury and helps ensure that the treatment 
goals are anatomically and mechanically sound.

Intra-operative fluoroscopy is a useful adjunct
to the assessment of these complex and often 
subtle injury patterns [11]. Dynamic fluoroscopy
can help assess the degree of coincident soft tis-
sue injury and better understand the injury pre- 
operatively (Fig. 5.3f, g); confirm fracture 
reduction, joint congruity, plate position and 
screw length; as well as assess the dynamic sta-
bility of the elbow once fixation has been 
achieved.

Coronoid tip fractures are often associated 
with posterior or posterolateral elbow disloca-
tion along with a radial head fracture, which 
constitute the terrible triad injury. In general we
fixate type II and III fractures according to
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Morrey classification as well as treat the remain-
der of the injury. Generally type I tip avulsion
fractures can be treated non-operatively [12].

Large coronoid base fractures may be associ-
ated with posterior fracture dislocation or trans- 
olecranon fracture dislocations. The type of 

Fig. 5.3 A 59 year-old right-hand dominant male sus-
tained a closed, isolated injury to his right elbow follow-
ing a fall while playing tennis. There was no dislocation, 
but he felt like his elbow was unstable. X-Ray exam dem-
onstrated a comminuted, intra-articular right olecranon 
fracture. A CT scan was obtained to better understand the
fracture fragments and plan surgery. The patient under-
went ORIF of the anteromedial coronoid facet fracture in
a supine. Intra-articular fragments were fixated with
threaded k-wires which were cut flush with the bone. The 
coronoid was then reduced and a pre-contoured plate was 
bent and positioned to hold the fracture. The lateral col-
lateral ligament complex had avulsed off the humeral ori-
gin and was fixed with transosseous fixation over a 
posteriorly positioned plate. (a) Left elbow pre-operative 
AP radiograph. (b) Left elbow pre-operative lateral radio-
graph. (c) Left elbow pre-operative coronal CT scan sin-
gle slice. (d) Left elbow pre-operative sagittal CT scan 

single slice. (e) Left elbow pre-operative axial CT scan 
single slice. (f) An intra-operative fluoroscopy of the
elbow without stress. The Ulnohumeral and radiocapitel-
lar joint appears congruent. (g) An intra-operative fluoros-
copy with the elbow under varus stress. The radiocapitellar 
joint widens, but more importantly the trochlea falls into 
the anteromedial coronoid facet defect. This is most com-
monly associated with a varus posteromedial rotatory 
instability pattern of injury. (h) The Taylor & Scham 
approach [14] is used to approach anteromedial facet cor-
onoid fractures. The interval between the humeral and 
ulnar heads of flexor carpi ulnaris (FCU) is developed.
The ulnar nerve is retracted anteriorly, allowing the 
humeral FCU head to be retracted anteriorly and the ulnar
FCU head to be retracted posteriorly. (i) AP left elbow
post-operative radiograph. The lateral collateral ligament 
complex has been fixed over a small plate. (j) Lateral left 
elbow post-operative radiograph
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injury will provide the surgeon with critical 
information about the pattern of instability to 
expect.

In the case of a coronoid fracture (specially
in the setting of anteromedial rim, and or sub-
lime tubercle fractures) without an associated 
radial head fracture, be suspicious for the varus 
posteromedial rotatory instability (VPMRI;
Fig. 5.3). For the purposes of this chapter, we
will present our recommendations for the surgi-
cal management of an anteromedial coronoid 
fracture fragment, which is most often associ-
ated with a VPMRI. VPMRI is commonly asso-
ciated with a coincident lateral ulnar collateral 
ligament (LUCL) injury and often requires a
dual-approach.

 Indications

Coronoid tip fractures involving greater than 
15% of the coronoid should be fixed [13]. An
anteromedial coronoid fragment suggests a 
VPMRI injury with an associated LUCL injury.
These injuries have reported poor outcomes if 
managed non-operatively and our preference is to 
manage these with surgery [13].

 Patient Positioning and Tourniquet

The patient is positioned supine with the arm on 
a translucent hand table. The bony prominences 
of the scapula and heels are well padded. Pre- 
operatively or after the administration of the 
anaesthetic, the surgeon should assess the range 
of motion in the shoulder to ensure adequate 
positioning will be obtained during the surgery 
and make adjustments to positioning if the patient 
has restricted shoulder range of motion. Care is 
taken to ensure that the patient is positioned close 
to the edge of the table so as to allow for free 
movement of the elbow. It is critical that this
position allows for adequate positioning of the 
image intensifier with confirmation that the 
desired radiographs can be achieved pre- 
operatively before the arm is definitively prepped 
and draped.

 Anaesthesia

Refer to previous section.

 Superficial Landmarks

The bony olecranon process and the medial epi-
condyle are palpated. The UN normally travels
between these two landmarks and is marked out 
pre-operatively. The lateral epicondyle, radial 
head and the subcutaneous border of the ulnar 
shaft are palpated and marked.

The radial head can sometimes be difficult 
to palpate, especially when the injury is acute 
and the normal landmarks are lost because of 
haemorrhage and swelling. The radial head can 
often be palpated as the forearm is cyclically 
pronated and supinated, and can be helpful 
in localising the radiocapitellar joint in the 
trauma setting.

 Incision and Approach

We prefer a single lateral incision if the coro-
noid fracture can be addressed through this 
approach (such as coronoid tip fractures, espe-
cially when the radial head is fragmented or 
requires arthroplasty). However, most com-
monly, a dual approach is required to ade-
quately expose and address a coronoid 
anteromedial facet fracture. These approaches 
can be performed through a single global pos-
terior incision (our preference), or two separate 
medial and lateral incisions. An isolated medial
incision is rarely used. Normally, the medial
approach is performed first to address the coro-
noid, before a lateral approach is performed to 
address the lateral structures. If the anterome-
dial facet fracture fragment is large and non-
comminuted, and can undergo successful 
ORIF, repair of the LCL is not always neces-
sary; however to help protect the medial fixa-
tion especially given that the fragments are 
usually small and fragile the LCL repair is per-
formed in most cases.
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 Medial Approach

This approach is utilized for anteromedial coro-
noid facet or large base fractures. With the sur-
geon seated near the axilla, the elbow is held in 
90 degree of flexion with the shoulder externally
rotated to present the medial elbow. A posterior
incision is made and full thickness fasciocutane-
ous flap is raised medially. The UN is identified,
mobilized and protected as discussed.

For the anteromedial facet fractures or large
base fractures we often utilize the Taylor & Scham 
approach [14] (Fig. 5.3h). The interval between 
the humeral and ulnar heads of FCU is developed.
Care should be taken to identify and protect motor 
branch of the UN to FCU as the interval is devel-
oped distally. This can be retracted anteriorly with 
the UN, allowing the humeral FCU head to be
retracted anteriorly and the ulnar FCU head to be
retracted posteriorly (Fig. 5.3h). This exposes the 
underlying MCL, the posterior bundle of which 
forms the floor of the cubital tunnel and inserts 
into the posteromedial ulna as far distally as the 
sublime tubercle [14]. The anterior bundle can be 
identified by its more distally-orientated fibres, 
which insert more anteriorly into the sublime 
tubercle. Care is taken not to injure the MCL and 
lift the flexor-pronator mass off the capsule and 
anterior bundle of the MCL.

For the coronoid tip and base fractures, we
work around the anterior bundle of MCL to gain 
reduction and fixation. These fractures are often 
associated with significant medial ligamentous 
and capsular injury. However for the comminuted 
anteromedial facet fractures involving the sub-
lime tubercle and anteromedial tip (VPRMI), we
often flip the MCL and associated anteromedial 
facet proximally, to gain clear visualization of the 
joint and fracture fragments for appropriate 
reduction and fixation.

 Expected Findings and Reduction 
and Fixation Techniques

Fixation of the coronoid is often dictated by the
size and comminution of the fragment/s. When 
fixation of small coronoid tip fracture fragments 

is required, these are grasped using a non- 
absorbable No. 2 braided suture. The suture is
passed through the anterior elbow capsule just 
above the bony fragment. This can often be dif-
ficult through a lateral approach with an intact 
radial head and may require additional exposure 
or an anteromedial approach. An anterior cruci-
ate ligament guide (ACL-guide) is used to accu-
rately drill two parallel suture tunnels from the 
dorsal aspect of the ulna, aiming for the coronoid 
tip. Once this has been achieved, a suture passer 
is then used to shuttle the sutures to the dorsal 
ulna. The fragment is then held temporarily 
reduced with a dental pick, and the sutures are 
tensioned and tied over a transosseous bridge.

Slightly larger coronoid fragments can be 
reduced and fixed using a variety of methods. 
Once the coronoid is exposed, the fracture is re- 
assessed and the best method of fixation is cho-
sen. When possible, the fracture is stabilized 
initially with a large clamp or by Kirschner wire
fixation. Small or fragmented pieces may be held 
with definitive threaded Kirschner-wires directly
from the volar side (Fig. 5.3i, j). However, if the 
fracture fragment is more lateral, the threaded 
Kirschner wires can be passed from posterior to
anterior using either the ACL-guide, or directed
free-hand. Care must be taken not to further frag-
ment these small pieces, as a single pass through 
the fragment is often all that can be achieved.

Intermediate fragments can be definitively
fixed with either screws or a small plate. Our 
preference is to use two non-cannulated 2.7 mm
fully-threaded screws passed from volar to dorsal 
if trajectory allows, otherwise from dorsal to 
volar in which case cannulated screws would be 
more helpful. If the fixation is adequate, the
elbow is tested dynamically to assess elbow sta-
bility. If the fixation is tenuous, the fixation is
augmented with a pre-contoured coronoid plate 
that aims to provide a buttress against posterior 
subluxation of the ulna in relation to the humerus 
(Fig. 5.3i, j). Several suppliers have manufac-
tured pre-contoured plates to facilitate this step, 
however a small T-plate can also be contoured to 
work as a buttress plate.

When severe comminution limits the amount 
of fixation that is achievable, a combination of 
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threaded Kirschner-wires and plate fixation may
be enough. If rigid fixation cannot be obtained of
a larger comminuted coronoid fracture, an option 
is open K-wire fixation followed by application
of a static external fixator.

 Pitfalls and How to Avoid 
Complications

 The Medial Ligament Complex
Not uncommonly, the medial collateral ligament
(MCL) and sometimes the common flexor origin 
are avulsed or torn in elbow fracture dislocations, 
although they are often intact in the VPMRI inju-
ries. Our preference is to address these structures 
prior to addressing the lateral ulnar collateral 
ligament (LUCL), but not tension the repairs
until the end of the case [15–17]. Ligament insta-
bility is discussed in detail in Chap. 7.

 The Lateral Collateral Ligament 
Complex
An anteromedial coronoid fracture is almost
always associated with a lateral ulnar collateral 
ligament (LUCL) injury [11]. The radial head is 
rarely fractured in this varus posteromedial rota-
tory injury (VPMRI) elbow pattern [11]. The lat-
eral collateral ligament complex should be 
addressed at the time of surgery through a lateral 
approach. If the LUCL is damaged beyond repair
or attenuated secondary to chronic elbow insta-
bility, then a reconstruction or hinged fixator may 
be necessary. Elbow instability is discussed in 
detail in Chap. 7.

 Large Bone Defects
These can be managed with allograft, or autolo-
gous bone graft (such as radial head or olecranon 
tip). A variety of such cases and their techniques
have been described in the literature [18–22].

 Ulnar Nerve
When approaching the medial side through the 
bed of the FCU, the UN has already been mobi-
lized as discussed, and will be subcutaneously 
transposed at the end of the case. However, if a 
flexor-pronator split method is used then the UN

may remain in its path and will be re-assessed at 
the conclusion of the case. The elbow is moved 
through an arc of flexion-extension to test the 
stability of the nerve within the released cubital 
tunnel. If the nerve has a tendency to subluxate,
then the nerve is transposed subcutaneously 
anteriorly.

 Chronic Coronoid Fractures
Delayed diagnosis may lead to resorption or mal-
union of the coronoid fracture fragment. These 
may need to be addressed with a reconstructive 
procedure [20, 22, 23].

 Post-operative Stiffness
Refer to previous section.

 Postoperative Regimen

The postoperative regimen is decided based on 
the injury, fixation, and patient characteristics. In
general, the elbow is immobilised in an above- 
elbow plaster splint for 10–14 days post-
operatively. For cases of VPMRI where the
medial buttress of the elbow has been injured 
and fixated along with LCL repair, the elbow is 
immobilized in neutral rotation and 90 degree of
flexion. Forearm pronation off-loads the LCL,
however, will load the medial side, hence, neu-
tral rotation is a good compromise. The arm is 
immobilized by the patient’s side and strict 
instructions are given to avoid shoulder abduc-
tion which stresses both the LCL and medial 
bony buttress fixation. Active-assisted and pas-
sive shoulder and finger exercises are encour-
aged from day 1.

At follow-up the splint is removed and the
wound is inspected. A hinged elbow brace is then
applied to protect the fixation and ligamentous 
repair. Flexion and extension begins in the brace,
although extension is usually limited to 45° short
of full extension, and gradually increased over 
the next 4–6 weeks. Active and assisted supina-
tion & pronation are encouraged in 90 degree of
flexion but avoided in extension. Gentle flexion/
extension isometric exercises are encouraged at 
the end of range only.
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 Radial Head Open Reduction 
and Internal Fixation (ORIF)

 Radiology

The fracture characteristics that determine treat-
ment are assessed using AP and lateral plain
radiographs (Figs. 5.4a, b and 5.5a, b). We use 
Johnston’s [24], Broberg and Morrey’s [25] 
modifications of Mason’s original classification 
[26] of radial head fractures to assist with 
treatment.

A CT scan can be a helpful adjunct to better
understand the fracture pattern and help with pre- 
operative planning (Figs. 5.4c, d and 5.5c–e). A
CT scan allows a better appreciation of the frac-
ture characteristics and can also help in appreci-
ating subtle avulsions and coronoid fractures, 
that may be poorly understood from plain radio-
graphs, or even missed. A well-performed CT
scan can help in deciding of whether a fracture is 
potentially fixable, or whether a salvage option is 
required (i.e. excision or arthroplasty).

Plain radiographs of the contralateral side can 
be used to template the equipment to be used. 
This is a useful way of ensuring the aims of sur-
gery can be met and that the correct equipment 
and implants are made available pre-operatively.

 Indications

Mason Type I fractures (<2 mm of displacement)
are typically managed non-operatively with early 
range of motion. The decision whether or not to 
operate on Type II (>2 mm of fracture displace-
ment) is based on whether there is a block to 
motion, the size of the fragment, and the magni-
tude of displacement. Mason Type III fractures
(comminuted radial head) are typically managed 
with surgery. Fractures that are highly commi-
nuted or unreconstructable are considered for 
arthroplasty in preference to ORIF.

 Patient Positioning and Anaesthesia

Refer to Coronoid ORIF Section.

 Superficial Landmarks Useful 
for the Approach

The bony olecranon process, lateral epicondyle 
and Lister’s tubercle are palpated and marked. 
The surgeon’s thumb is used to palpate the radial 
head and radiocapitellar joint, just distal to the 
lateral epicondyle. This is often best achieved by 
serially pronating and supinating the forearm in 
90° of elbow flexion.

 Incision

The elbow is held in 90 degree of flexion with the
forearm in pronation to protect the PIN. In an iso-
lated radial head fracture a curved incision is 
made on the lateral aspect of the elbow, starting a 
few centimeters proximal to the lateral epicon-
dyle and extended distally toward Lister’s tuber-
cle as far as necessary (normally 5–10 cm). This
incision overlies the common extensor origin, the 
radiocapitellar joint and the lateral ligamentous 
structures of the elbow.

 Approach

The deep fascia is exposed by bluntly sweeping 
off the overlying adipose tissue. This exposes the 
underlying musculature of the forearm and the 
thick fascial bands that mark the intervals 
between the extensor muscles. This allows the 
surgeon to better appreciate the tissue planes, so 
as to ensure that the correct plane is identified 
and developed.

Most type II displaced radial head fractures
involve the anterior (anterolateral) aspect of the 
radial head. For these fractures we prefer using the
EDC split approach [27] (The Kaplan approach is
another alternative to expose even further anteri-
orly). The fascial fibres over EDC are often easily
differentiated from the remainder of the extensor 
mass by its more prominent fibres. However, often 
the injury has developed the approach for the sur-
geon. In the setting of the intact LCL ligament, an
incorrectly done Kocher approach may jeopardize
the LCL due to its immediate location over the 
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Fig. 5.4 A 31 year-old right-hand dominant male sus-
tained a closed, isolated injury to his right elbow following 
an impact to a wall while playing indoor soccer with his 
extended elbow. X-Ray exam and CT demonstrated a com-
minuted, intra-articular right radial head fracture and a 
capitellum fracture. An EDC split approach was used and
the fractures were fixed small low profile and headless 

screws. (a) Right elbow pre-operative AP radiograph. (b) 
Right elbow pre-operative lateral radiograph. (c) Right
elbow pre-operative sagittal CT scan single slice. This 
demonstrates the radial head fragmentation and capitellum 
fracture. (d) Right elbow pre-operative 3-dimensional CT
scan single slice. (e) Right elbow post-operative AP radio-
graph. (f) Right elbow post-operative lateral radiograph

a b

c

d
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ligament. For this reason we again utilize a more
anterior approach such as the EDC split. If the
LCL is clearly ruptured, the Kocher interval is uti-
lized. Any of these approaches can be extended
proximally along the lateral epicondyle by sharply 
taking the common extensor origin off with a cuff 
of fascia for later repair. Distally, once the interval
is correctly identified, the arm is held in pronation 
to protect the PIN. The plane is incised longitudi-
nally in line with the fibres of the EDC (not the
axis of the arm). The anterior portion of the EDC
and a portion of supinator are reflected anteriorly 
to expose the underlying annular joint capsule and 
ligament (AL) [28].

Starting from the lateral epicondyle and 
extending distally along the shaft of the radius, 
the joint capsule and AL are incised longitudi-
nally. Part of the supinator muscle can be reflected 
off of the proximal radial neck to aid in exposure. 
Care is taken to ensure that the arm is held rigidly 
in forearm pronation during this step, as the PIN
is at greatest risk during exposure of the proximal 
radial shaft [29].

This approach provides excellent exposure of 
the radiocapitellar joint and partial exposure of 
the proximal radioulnar and ulnohumeral joints. 
This exposure can be extended proximally 
8–10 cm above the lateral epicondyle and is lim-
ited at this point by the radial nerve which pierces 
the lateral intermuscular septum from the spiral 
groove at this level [30]. Our preference is to 
expose only that proportion of the joint that is 
required to adequately assess the joints and per-
form the surgery.

 Expected Findings/Unexpected 
Findings

 A Rent in the Common Extensor 
Musculature
A rent in the common extensor origin muscle
mass is often encountered during the approach. If
damage to the LCL complex is not expected, we 
often use this rent as part of the approach and only 
partially release the common extensor origin.  

e f

Fig. 5.4 (continued)
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Fig. 5.5 A 22 year-old right-hand dominant male sus-
tained a closed, isolated injury to his left elbow following 
a fall from a bicycle. X-Ray exam demonstrated a com-
minuted, intra-articular right radial head and neck frac-
ture. The patient underwent ORIF within a week of the
injury. The fractures were fixated with a combination of 
1.5 mm screws and a non-locking plate. There were no
intra-operative or post-operative complications. Patient 
excellent ROM after 6 months of physiotherapy. (a) Left 

elbow pre-operative AP radiograph. (b) Left elbow pre- 
operative lateral radiograph. (c) Left elbow pre-operative 
coronal CT scan single slice. This demonstrates the radial 
head fragmentation is depressed and comminuted.  
(d) Left elbow pre-operative sagittal CT scan single slice. 
(e) Left elbow pre-operative 3-dimensional CT scan sin-
gle slice. (f). Left elbow post-operative AP radiograph. 
(g) Left elbow post-operative oblique radiograph. (h) Left 
elbow post-operative lateral radiograph

5 Reconstruction Techniques for Fractures of the Proximal Ulna and Radial Head



76

e f

g

h

Fig. 5.5 (continued)

J.M. McLean et al.



77

The rent often involves injury to the LCL origin, 
which can be addressed as part of the closure fol-
lowing fracture fixation.

 Avulsion of the Lateral Ligament 
Complex
In high energy and unstable injuries, it is a com-
mon finding that the LCL complex is avulsed 
from its insertion site on the lateral epicondyle. 
An incompetent LCL complex commonly con-
tributes to posterolateral rotatory instability 
(PLRI) and should be fixed at the time of surgery.
Less commonly, the LUCL may be torn in its
mid-substance or avulsed from its ulnar insertion 
[31]. If a mid-substance tear of the LUCL is
encountered and is damaged beyond repair or 
attenuated secondary to chronic elbow instability, 
the surgeon should consider a tendon reconstruc-
tive procedure or hinged fixator; as primary 
repairs are notoriously unsatisfying and prone to 
early failure. LUCL reconstruction is discussed
in Chap. 7. Most commonly the LCL is ruptured 
from its proximal origin. We repair this onto its 
isometric point through bone tunnels which are 
tied over a bony bridge on the posterior cortex of 
the distal humerus, often over a small plate to 
avoid potential cut out.

 Associated Fractures
Fractures of the radial head can be associated
with cartilaginous shearing injuries to the capitel-
lum (Fig. 5.4) and/or coronoid at the proximal 
radioulnar joint (PRUJ). When examining the
joint, a thorough lavage will remove the haemar-
throsis and expose the joint surfaces. Cartilage 
damage may be identified and should be inspected 
for size, depth and stability of the chondral 
surface.

 Radial Head Fracture: Technique 
of Reduction and Fixation

An appreciation of the radial head fracture char-
acteristics is made pre-operatively from the com-
bined physical examination, plain radiographs 
and CT scan (Figs. 5.4a–d and 5.5a–e).

Once the joint has been approached, the fore-
arm is rotated to obtain a circumferential view of 
the fracture and appreciate the safe zone for 
screw fixation [32]. The radial head may be dislo-
cated to better appreciate and view the head. A
radial head that is easily dislocated suggests an 
elbow with a higher degree of instability and 
careful attention should be paid to likely concur-
rent soft tissue injuries.

A combination of tenaculum bone holding
forceps, dental pick and temporary Kirschner-
wire fixation is used to reduce the fracture. Care 
is taken not to fragment the bone and to avoid 
placing temporary wires in a position that com-
promises the position of definitive fixation 
screws. The aim is for anatomical reduction in a 
position that allows two or more screws to be 
placed at 90° to the fracture line. Ideally, our
preference is to use two countersunk, low-profile, 
small- diameter (1.5–2.4 mm) cortical screw fix-
ation (Figs. 5.4e, f and 5.5f–h). When the frag-
ment is small or fragmented, a combination of 
threaded Kirschner-wires, small- diameter corti-
cal or headless compression screws can be used 
to achieve stable fixation.

In Type III fractures that are deemed fixable
but are unstable with presence of radial neck 
comminution, fixation often requires a low pro-
file plate (Fig. 5.5). A fixed angle plate with lock-
ing screw options may also be utilized. Care is 
taken to place the plate in the safe zone. Use of
plate fixation may lead to more stiffness in the 
elbow especially in rotation. Hence, in older 
patients we often treat such comminuted frac-
tures with radial head arthroplasty. However, in 
the younger patient all effort is done to preserve 
the native radial head.

Once the fixation has been completed, the 
elbow is then taken through a gentle range of 
motion to ensure that the joint glides smoothly in 
flexion, extension and rotation.

Finally, fluoroscopy is used to confirm
appropriate screw position. Due to the complex
shape of the articular surface, oblique images 
and live fluoroscopy are helpful to ensure that 
all screws are the appropriate length and 
extra-articular.
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 Radial Neck Fracture Extension
Fractures with substantial radial neck involve-
ment or comminution may benefit from plate 
fixation. Safe plate placement requires consider-
ation of the PIN and “safe zone”, as described by
Smith and Hotchkiss [32]. Carful distal exposure 
of the radial neck should include an appreciation 
of the PIN, which lies immediately deep to the
supinator and wraps around the radial neck as 
close as 22 mm distal to the radiocapitellar joint
(average of 33.4±5.7 mm), with the forearm in
full supination [29]. This distance is increased 
when the forearm is held in maximal pronation 
[29]. The “safe zone” [32] represents an arc of 
110° of the radial head that does not articulate
with the lesser sigmoid notch and is made up of 
very thin or non-articulating cartilage. A simple
method of identifying the “safe zone” is the area
between radial styloid and Lister’s tubercle. 
Placement of a plate within this zone minimizes 
the risk of plate interference with rotational range 
of motion.

 Radial Head Fragmentation
Fragmentation of the radial head may occur at the
time of injury, or secondary to iatrogenic frag-
mentation when attempting fixation. To protect 
against disappointment, it is our practice to 
always have a salvage option available peri- 
operatively (normally a modular radial head 
replacement set).

When highly comminuted fractures are 
encountered with poor bone quality, radial head 
excision or arthroplasty should be considered. 
Ring et al reported poorer outcomes for fixation if
there were greater than three fracture fragments 
[33]. The degree of comminution can be used as a 
guide to assist with decision making for radial 
head arthroplasty; however, each fracture must be 
assessed independently and the patient’s age and 
activity level should be considered carefully [33].

In cases where radial head excision is being
considered, it is critical to ensure that there is no 
longitudinal forearm instability and that there is 
no MCL insufficiency. Smith et al described the 
radius pull test, which can be used to examine for 
longitudinal instability [34]. This intraoperative 
test requires direct visualization of the proximal 

radial shaft. It is performed with the shoulder in
90° abduction and full internal rotation, and the
elbow flexed 90° in neutral rotation. A bone
reduction clamp is applied to the proximal radial 
shaft and pulled longitudinally with  approximately 
20 lbs (9 kg) of force. The wrist is examined
dynamically under fluoroscopic guidance, before 
and after the force is applied. A dynamic proxi-
mal shift of the radius at the DRUJ of ≥3 mm, 
causing an increased ulnar variance, is diagnostic 
of interosseous membrane disruption. Radial
head excision is associated with poor outcomes 
in patients with MCL insufficiency or longitudi-
nal forearm instability, and should be avoided. In
our practice, the radial head is replaced and not 
excised.

 Lateral Collateral Ligament Complex 
and Common Extensor Origin Injuries
After the radial head and/or coronoid fractures
have been fixed, the LCL complex must be 
repaired anatomically. The lateral ulnar collateral 
ligament and radial collateral ligament (LUCL/
RCL) origin and the common extensor origin are
repaired separately.

LUCL/RCL ligament complex is grasped
using a running Krackow locking stitch, that
closes the interval between these two ligaments 
(using a non-absorbable No. 2 braided suture).
The two free ends of the suture are left free at the 
proximal origin of the LUCL/RCL ligament
complex. A 2 mm burr is then used to make a
humeral bone tunnel at the isometric point in the 
center of rotation of the capitellum on the lateral 
epicondyle. A 2 mm drill is then used to establish
two exit tunnels in a Y configuration on the pos-
terior cortex of the distal humerus lateral 
condyle.

Once the humeral tunnels are completed, the 
sutures are shuttled through the tunnels individu-
ally using a suture passer and tied over a small 
plate or button with the elbow in 45 degrees of
flexion and neutral rotation or pronation depend-
ing on the condition of the medial structures. 
Before final tightening of the sutures, the elbow 
is taken through a range of motion and assessed 
directly and under fluoroscopy to ensure congru-
ency and stability of the joint.
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The common extensor origin is repaired to adja-
cent extensor fascia and triceps fascia, or in the case 
of significant avulsion of this tissue it is repaired 
through transosseous tunnels in the distal humerus

 Medial Collateral Ligament Injury
Once the LCL complex has been satisfactorily 
stabilized, the elbow is assessed dynamically 
under fluoroscopic guidance. We only repair the 
MCL if there is gross elbow instability demon-
strated on fluoroscopy.

 Postoperative Regimen

The elbow is immobilised in an above-elbow 
backslab plaster for 5–10 days post-operatively.
The elbow is held in 90 degree flexion with the
forearm neutral. A sling is supplied.

Active and active assisted shoulder and finger
range of motion is encouraged from day 1. The
patient is reminded not to actively abduct the 
shoulder for 6 weeks in the case of LCL repair, as
this places a varus force on the repair.

At 10–14 days follow-up the splint is removed,
the wound is inspected. When good fixation is 
achieved (most cases), active-assisted and active 
elbow and forearm exercises are commenced. 
Strengthening is started at 6 weeks post surgery
to allow bony union and healing of the common 
extensor origin repair. If LCL has been repaired,
then an LCL off loading protocol is followed.

 Radial Head Arthroplasty

 Radiology

Refer to Radial Head Fracture: Technique of
Reduction and Fixation (p.77) (Fig. 5.6a–d).

 Indications

Fractures that are highly comminuted (Mason
Type III) or unreconstructable are considered for
arthroplasty (Fig. 5.6a–d). Elderly patients, in 
whom osteopenia is visible on plain radiographs, 

are more likely to have an unreconstructable 
radial head fracture. In addition, an arthroplasty
rather than a fragile fixation would be more 
favourable for early mobilization and gain of 
function, which is key in the elderly population.

 Patient Positioning and Anaesthesia

Refer to Olecranon ORIF Section.

 Superficial Landmarks, Incision 
and Approach

Refer to Radial Head Fracture: Technique of
Reduction and Fixation (p.77).

 Type of Implants

Currently available devices include spacer 
implants [35, 36], press-fit and ingrowth stems, 
and bipolar and ceramic articulations. Silicone 
radial head implants offer little in the way of axial 
or valgus stability and have been complicated by 
a high incidence of implant wear, fragmentation, 
and silicone synovitis leading to generalised joint 
damage [37]. As a result, their use has fallen out
of favour in preference for metallic implants [37].

Monoblock metallic radial head implants have 
been superseded by modular implant designs that 
offer improved size matching of the radial head 
and neck, and a more anatomical match. 
Modularity also offers an easier ability to implant 
the stem in the setting of an intact LUCL.

Precise implant sizing and implantation are 
critical to ensure correct radiocapitellar tracking 
and to avoid cam effect with forearm rotation, 
which can cause premature capitellar wear and 
early stem loosening.

 Technique of Preferred System

 Radial Head Assessment
Once the joint has been approached, it is irrigated 
and any loose fragments of bone or cartilage are 
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excised. Do not discard any of these bone frag-
ments, as sizing of the radial head requires reas-
sembling of the head fragments at a later stage. 
The forearm is rotated to obtain a circumferential 
view of the fracture and a final decision on pro-
ceeding to arthroplasty is made.

 Radial Neck Resection
Once this decision to proceed to arthroplasty has 
been made, approximately 15 mm of the proxi-
mal radial neck is exposed by elevating the supi-
nator using a periosteal elevator. The arm is kept 
in a pronated position to protect the PIN [29]. A
mini-Homann retractor is gently positioned pos-
teriorly (never anteriorly) on the radial neck, 
which is then presented laterally and anteriorly. 
A radial neck that is highly mobile suggests a
more unstable elbow and careful attention should 
be paid to likely coincident soft tissue (LCL) 
injuries. If the head is difficult to dislocate, this
normally indicates that the LUCL component of
the LCL complex is intact.

A 15 mm sagittal saw is used to cut the radial
neck at the level of the cortical junction of the 
neck at 90° to the medullary canal. Care should
be taken to cut the neck smoothly and protect the 
surrounding soft tissues. Ideally, the distal cut
should not extend more than 1 mm distal to the
corresponding distal articular surface of the 
lesser sigmoid notch on the ulna, as this marks 
the distal extent of the native radial head. If the
head fracture extends down the radial neck, the 
surgeon should refrain from cutting additional 

shaft length unless the implant system has modu-
lar necks to build up length. It is very helpful to
have an implant that allows for neck offset to 
make up for this loss of radial neck rather than 
inserting a longer head. This step is assessed at 
the time of trialing. Associated radial neck frac-
tures should be stabilized prior to radial stem 
trialing.

 Radial Head Sizing
The radial head prosthesis is then sized by reas-
sembling the resected radial head fragments. If
the native radial head is in between prosthesis 
sizes, the implant diameter should be downsized. 
For elliptically shaped radial heads, the minimum
diameter rather than the maximum diameter 
should be used to size the implant. The resected 
radial head height is measured using a calliper or 
ruler. This length corresponds to the area of the 
native radial head that articulates with the lesser 
sigmoid notch of the ulna.

 Preparation of the Radial Shaft
The radial neck is presented into the lateral wound 
in a way that allows the shaft to be broached in line 
with the radial shaft. Care should be taken to 
ensure that the shaft is presented in a way that does 
not lead to inadvertent ulnarly- directed broaching, 
which is a common mistake when the shaft is inad-
equately presented and in line broaching is blocked 
by the lateral epicondyle. An opening is created in
the medullary canal using the starter awl. The 
medullary canal is then sequentially broached by 

Fig. 5.6 A 35yo right-hand dominant male sustained a
closed, isolated injury to his left elbow following a fall 
from a bicycle. X-Ray exam demonstrated a dislocated
elbow with a comminuted, intra-articular right radial head 
fracture and a Type I coronoid fracture (Terrible Triad
elbow injury). The elbow was reduced in the Emergency 
Department under conscious sedation. Post-reduction
XRs demonstrated a reduced ulnohumeral joint with a
100% displaced radial head fragment. The patient under-
went surgery within a week of the injury. The radial head 
was not reconstructable and required replacement. The 
coronoid fragment was not fixed. The lateral collateral 
ligament complex had avulsed from its humeral origin and 
was fixed with transosseous fixation over a posteriorly 

positioned plate. (a) Left elbow pre-operative AP radio-
graph. (b) Left elbow pre-operative lateral radiograph. (c) 
Left elbow post-reduction AP radiograph. (d) Left elbow 
post-reduction lateral radiograph. (e) Left elbow pre- 
operative medial 3-dimensional CT scan. This demon-
strates the small size of the coronoid fracture fragment. (f) 
Left elbow pre-operative anterior 3-dimensional CT scan. 
This demonstrates the anterior position of the radial head 
fragment. (g) Left elbow post-operative AP radiograph.
The radial head replacement is congruent at the radiocapi-
tellar joint. (h) Left elbow post-operative lateral radio-
graph. The radial head replacement is congruent at the 
radiocapitellar joint with no posterior subluxation of the 
radial head
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hand until cortical contact is encountered and the 
broach can no longer pass easily. A trial stem of
one size smaller than the broach is inserted to a 
snug (but not tight) press-fit.

 Modular Trial Implant Sizing
A trial head is combined with the trial stem and
inserted into the canal. This step can be difficult 
in an elbow with intact collateral ligaments. The 
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Fig. 5.6 (continued)
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trial components may need to be inserted sepa-
rately, which is an advantage of the modular 
component sets. The head-neck junction is 
inspected to ensure that around 2/3 of the native
radial shaft is in contact with the implant. If there
is less than 2/3 of contact, the trail implant is
assessed under fluoroscopy, to ensure that the 
stem is in line with the radial shaft and that the 
neck has not been broached at a valgus angle. If
the stem alignment is correct, the trial implant is 
removed and a neck cut is revised to improve the 
head-neck junction contact. If too much radial
neck has been resected to be accommodated for 
by the head implant height, the stem collar height 
may need to be increased to adjust for this more 
distal cut. Once the surgeon is satisfied, the 
retractors are removed and the trial radiocapitel-
lar joint is reduced.

 Assessment of the Trial Implant
The diameter, height, tracking and congruity of 
the trial implant are evaluated dynamically under 
direct vision and with fluoroscopic guidance. 
Often, a thumb must be placed over the implant 
to simulate an intact LCL complex as the implant 
is dynamically tested. Care should be taken to 
avoid increasing the implant thickness to com-
pensate for ligament injuries, as repairing the col-
lateral ligaments prior to closure will stabilize the 
joint. The surgeon should also remember that the 
metallic radial head will appear larger on x-ray 
than the native radial head because it is replacing 
radiolucent cartilage as well as radiographic 
bone.

There is a risk of over-lengthening the radio-
capitellar joint with a radial head implant that is 
too long or thick. This usually manifests as an 
incongruncy at the ulnohumeral and radiocapitel-
lar joints, best seen on fluoroscopy. The radial 
head prosthesis should sit congruently at the 
radiocapitellar joint, and articulate with the PRUJ
at the same height as the radial notch of the ulna 
and never more proud.

The width of the medial ulnohumeral joint 
should be congruent and parallel. An incongruent
medial ulnohumeral joint is highly suspicious for 
varus malalignment and “overstuffing” of the
implant. The surgeon should be vigilant for this 

potential complication that can contribute to 
overpressure on the capitellum and potentially 
lead to chronic lateral elbow pain and early carti-
lage wear. Additionally, over-lengthening of the
implant is identified by visually gapping open of 
the lateral aspect of the ulnohumeral joint. If
“overstuffing” is identified, the radial head length
and possibly the head diameter should be down-
sized and re-assessed under direct vision and 
with fluoroscopic guidance. A common, early
mistake is to use the gap between the radial neck 
and the capitellum to size the implant. This tech-
nique commonly leads to “overstuffing”. Correct
sizing is best achieved by using the combined 
trial head and trial stem collar height relative to 
the PRUJ and radiocapitellar joint, to approxi-
mate the height of the native radial head and 
radial neck portion.

If the implant is maltracking on the capitel-
lum with forearm rotation, the proximal radial 
canal may have been broached at a valgus angle. 
This can be assessed under fluoroscopy. It can be
corrected by inserting a smaller trial stem and 
re- assessing rotation, ensuring that the rotation 
is controlled by the annular ligament and not by 
the shaft of the proximal radius. If this improves
rotational position, the proximal radius should 
be re-broached under fluoroscopic guidance, 
ensuring that the broaches are directed down the 
radial shaft. A down-sized, longer stem may
need to be inserted to maintain the angle of the 
stem in relation to the shaft. If the trial stem is
loose, consideration should be made to re-
broaching and upsizing the stem in preference to 
impaction grafting of the proximal radial neck 
with local bone graft from the lateral 
epicondyle.

The alignment of the distal radioulnar joint 
and ulnar variance are checked under fluoro-
scopic guidance at the level of the wrist. An
implant that is too thick will have ulnar negative 
variance and an implant that is too thin will have 
ulnar positive variance relative to the contralat-
eral wrist.

 Implantation of the Definitive Implant
Once the surgeon is satisfied with the diameter, 
height, tracking and congruity of the trial 
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implant, the definitive implant is inserted. Most 
modular systems allow for the definitive modu-
lar prosthesis components to be combined on 
the table before being inserted. This step can be 
difficult in a stiff elbow or in an elbow with 
intact collateral ligaments. An alternative
method is to insert the definitive neck/stem 
component before attaching the head 
separately.

Once again, the tracking and congruity of the 
trial implant are evaluated dynamically under direct 
vision and with fluoroscopic guidance, before 
attention is turned to repairing the soft tissues.

 Lateral Collateral Ligament Complex
Refer to Radial Head Fracture: Technique of
Reduction and Fixation (p.77).

 Postoperative Regimen

Refer to Radial Head Fracture: Technique of
Reduction and Fixation (p.77) (Fig. 5.6g, h).

 Results

The results of surgical management of acute 
olecranon, coronoid and radial head fractures are 
summarized in Table 5.1.

 Author’s Perspective

The treatment of proximal ulna and radial head 
fractures requires a clear understanding of the 
anatomy and biomechanics of the elbow. The 
goal of intervention is to re-create an anatomic 
and stable joint. With current appreciation of 
such injuries, most patients have very optimistic 
outcomes after surgical treatment. Fractures of
the proximal ulna involving the coronoid are 
given special attention as these injuries often 
represent a more significant soft tissue and, in 
particular, ligamentous injury. In addition to
fracture fixation, ligamentous stability is always 
assessed and dealt with accordingly. These 
patients are monitored closely post operatively 
with clinical and radiographic examination to 

Table 5.1 The results of surgical management of acute olecranon, coronoid, and radial head fractures

Author
Patients 
(n=) Follow-up

Methods of 
follow-up Reported conclusions Complications

Acute
olecanon 
fractures

Anderson
et al. [38]

32 Average
2.2 years
(range: 
0.7–5.1)

Radiographic
union. Clinical 
assessment. 
DASH, Mayo
Elbow 
Performance 
Index (MEPI),
and visual 
analogue 
scales. Return
to activities. 
Complications

Mean flexion 
contracture of 13.5°.
MEPI 89 (R:
55–100)
DASH: 25 (R:
0–72.5)

2 cases of
non-union
1 case of failure
of fixation
1 infection

Acute radial
head fractures

Ring et al.
[33]

56 Average 58
months 
(range: 
24–114)

Radiographic
union. Clinical 
assessment. 
Broberg and 
Morrey elbow 
score. 
Complications

>3 radial head 
fragments are 
associated with poor 
patient satisfaction
Type 3 fractures are 
best managed with 
radial head 
replacement

10 Type-3
fractures required 
a second 
operation to 
resect the 
repaired radial 
head
1 synostosis
1 non-union
No infections
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85

ensure the joint stability is maintained and 
appropriate physiotherapy protocol is being 
followed.

With regards to displaced radial head frac-
tures, our goal of treatment involves fixation of 
these fractures whenever possible in the 
younger patient population. However, with 
severely comminuted fractures, heroic mea-
sures of fixation delays recovery and may lead 
to stiffness and fixation failure. Hence, prefer-
ence is given to arthroplasty over fixation in 
certain comminuted fractures even in the 
younger patients.

A key factor in obtaining good outcomes in
patients with elbow injuries relies on the quality 
of physiotherapy they receive. A therapist with
understanding of elbow injuries, who can moni-
tor and advance therapy with appropriate exer-
cises is crucial in the recovery and care of patients 
with injuries around the elbow.
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      Elbow Stiffness: Open 
and Arthroscopic Capsulectomy                     
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    Abstract  

  Loss of elbow motion may result in severe functional limitation. The rea-
son why some elbows become stiff and others don’t is yet unclear. The 
degree of functional impairment may be variable and treatment indications 
should be tailored to patient’s expectations. The advent of new manage-
ment strategies and the introduction of arthroscopy have stimulated 
renewed interest in this pathology. Arthroscopic techniques have been 
introduced as a reliable method in the treatment of elbow contracture with 
a potential higher risk to the neurovascular structures around the elbow. 
Open capsulectomy is the gold standard for elbow stiffness, and is regarded 
as a simple and reliable procedure leading to good results. Many patients 
obtain a functional arc of motion with increases up to 50°. When there is 
signifi cant joint damage, the results are more unpredictable and additional 
procedures, as interposition arthroplasty may be required. When dealing 
with severe contractures, the ulnar nerve must be addressed to avoid 
delayed onset ulnar symptoms.  

  Keywords  

  Elbow contracture   •   Arthroscopy   •   Stiffness   •   Ulnar nerve   •   Capsulectomy  

      Introduction 

 Elbow stiffness is a well-recognized complica-
tion after elbow trauma. The reason why some 
elbows become stiff and others do not is unknown. 
The functional limitation caused by a stiff elbow 
is variable and depends on patient’s demands. 
More surgeons are willing to treat this problem 
nowadays because safer techniques have been 
described. 
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 The introduction of arthroscopy as a therapeu-
tic tool seems to be an advance, but the potential 
for complications and the steep learning curve 
limits its expansion. Open capsulectomy, as the 
standard procedure to correct elbow stiffness, is a 
reliable technique that can improve the range of 
motion in the majority of patients. Those patients 
with underlying joint disease may be treated with 
an interposition arthroplasty or with a total elbow 
arthroplasty, depending on the age and severity of 
the case. This chapter will only focus on elbow 
capsulectomy, as the most common procedure 
used to address the majority elbow stiffness 
involving extrinsic contractures.  

    Indications 

 There are not strict indications to treat a stiff 
elbow. Patients with an extension defi cit greater 
than 30° and/or a fl exion arc less than 100° may 
be considered candidates for an elbow release 
(Fig.  6.1 ). However, patients’ needs may vary 
signifi cantly, and some occupations may require 
extension greater than 30° and other patients may 
have adapted their activities to a very limited 
elbow. Therefore, a profound knowledge of 
patient’s needs and expectations is mandatory.

   The procedure of choice depends both on sur-
geon’s experience and on the status of the joint 
surface. In any case, a congruent joint is of para-
mount importance for the success of the tech-
nique. Patients with a good joint surface or minor 
damage can be successfully managed with a sim-
ple capsulectomy, provided the elbow axis is pre-
served. Capsular resection can be performed 
open or arthroscopically, and this depends mainly 
on surgeon’s preferences and skills. When stiff-
ness is associated with more severe joint dis-
ease – categorized as intrinsic contracture- an 
interposition arthroplasty or a total elbow arthro-
plasty must be considered. 

 Absolute contraindications for an elbow release 
apart from severe medical co-morbilities are 
related to patient’s attitude and expectations. The 
need of a collaborative patient cannot be overem-
phasized since the postoperative rehabilitation 

protocol is crucial for an optimal result. When a 
patient does not understand the requirements of 
this protocol, as it happens sometimes with 
younger and adolescent patients, the surgeon may 
consider the possibility of refusing surgery since 
we know that the results in this group of patients 
are unpredictable. 

 Before surgery is indicated, all patients should 
undergo a trial of non-operative treatment. The 
patient should learn how to avoid antagonistic 
muscular activity that may limit mobility and 
produce pain. Stretching exercises of the elbow 
should be gently performed to avoid additional 
damage to the capsule. The use of splints remains 
controversial but both static and dynamic splints 
can be benefi cial.  

    Surgical Technique 

    Arthroscopic Capsulectomy 

    Planning, Patient Positioning 
and Setup 
 The patient is placed in the lateral decubitus posi-
tion with the arm resting in a dedicated elbow 
positioner (Fig.  6.2 ). The position of the arm is 
critical as if the elbow is not slightly higher than 
the shoulder, the shaver handle will hit the chest 
of the patient, limiting access to the anterior 
elbow. The arthroscopic equipment is placed 
opposite to the arm, on the other side of the table. 
It is preferable to use general anaesthesia because 
it provides good pain control, complete muscle 
relaxation during the procedure and allows for an 
immediate postoperative exam of the neurovas-
cular structures.

   A standard 4 mm, 30° arthroscope is used. 
Infl ow can be obtained by gravity or by the use of 
a pump set at very low pressures (30–40 mmHg). 
The procedure is performed under ischemia with 
an arm tourniquet. Ideally, after 90 min of surgery 
the tourniquet should be defl ated. The joint is dis-
tended with saline through the soft spot portal 
prior to the introduction of the arthroscope to 
increase the distance between the bone and the 
neurovascular structures. However, the distance 
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  Fig. 6.1    Preoperative and 6- month follow-up clinical pictures of a patient with severe elbow contracture and very 
limited function treated with open capsular release       

a b

  Fig. 6.2    ( a ) Dedicated positioner (SUC®) for elbow surgery facilitates patient positioning and allows good access to 
the joint. ( b ) Patient is placed in the lateral decubitus with de elbow slightly above the shoulder level       
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between the neurovascular structures and the cap-
sule remains unaltered. The capacity of the joint 
in a stiff elbow can be markedly reduced and as 
little as 5 ml may be enough to fi ll the joint (nor-
mal capacity: 20–30 cc). 

 The position of the ulnar nerve should be con-
trolled throughout the procedure. When the nerve 
has been previously transposed, an open proce-
dure may be preferred; otherwise a separate inci-
sion to locate and visualize de nerve should be 
done prior to the arthroscopic procedure. In cases 
with severe contracture, the ulnar nerve should be 
decompressed in situ through a small incision 
before the arthroscopy is started (Fig.  6.3 ). If the 
ulnar nerve is unstable after the decompression or 
in cases where the underlying pathology could 
compromise the nerve, a formal transposition 
should be performed.

       Anterior Compartment 
 The joint is initially entered through the proxi-
mal anteromedial portal, immediately anterior to 
the medial intermuscular septum -that can be 
easily palpated- and 2 cm proximal to the epi-
condyle. A blunt trocar is used to palpate the 
intermuscular septum and is directed just ante-
rior to it and the humerus (Fig.  6.4 ). The arthro-
scope is then introduced through the trocar. With 
direct visualization from the medial site, the 
anterolateral portal is established just anterior to 
the capitellum. Through the anterior portals a 

diagnostic arthroscopy is carried out. At this 
point, a complete synovectomy and debridement 
of any fi brotic tissue within the radiocapitellar 
joint or around the coronoid process can be 
accomplished.

  Fig. 6.3    In situ decompression of the ulnar nerve through 
a limited approach is almost routinely done with elbow 
capsulectomy. It prevents postoperative neuritis and 
reduces the risk of nerve damage during arthroscopy       

a b

  Fig. 6.4    ( a ) Proximal anteromedial portal is marked in 
the skin just anterior to the intermuscular septum and 
above the medial epicondyle. ( b ) The blunt trocar is intro-

duced towards the radial head, anterior to the intermusci-
lar septum that must be palpated       
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   After adequate debridement and correct defi -
nition of intraarticular pathology, the anterior 
capsulectomy can be initiated. At this point it is 
very useful the use of a retractor through an addi-
tional proximal anterolateral portal to maintain 
tension on the capsule and increase the working 
space (Fig.  6.5 ). This enhances the safety of the 
procedure and can reduce the number of 
complications.

   Anterior capsulectomy is performed fi rst by 
releasing the capsule along the supracondylar 
ridges with the aid of a retractor or switching 
stick. Then, with the arthroscope in the antero-
lateral portal and the basket punch in the antero-
medial portal, the capsule is cut from medial to 
lateral slightly proximal to the radial head, 
where the radial nerve is farther away. The cap-
sulotomy proceeds laterally until the radiocapi-
tellar joint is reached (Fig.  6.6 ). A fat strip is 
usually seen at that level, indicating proximity 
of the radial nerve. At this point, the portals are 
changed with a switching stick and with the 
scope medially and the shaver laterally, the 
remaining lateral capsule is completely removed 
(Fig.  6.7 ). The need for a complete capsulec-
tomy should be assessed on a case-to-case basis 

since the results in motion are not signifi cantly 
different compared with simple capsulotomy, 
and the complexity of the procedure is clearly 
increased. It is important to remember that in 
case bone removal is required, this should be 
done before the capsule is released in order to 
avoid fl uid extravasation and collapse of the 
joint space that would jeopardize the feasibility 
of the procedure.

  Fig. 6.5    With the arthroscope through the anterolateral 
portal, a Wissinger rod is used as capsular retractor 
through the proximal anterolateral portal       

  Fig. 6.6    Anterior capsulectomy is performed from 
medial to lateral with the scope in the anterolateral portal 
and the cutting device through the anteromedial portal, 
progressing laterally until the level of the radial head is 
reached (From Antuna and Barco [ 21 ])       

  Fig. 6.7    Once the most medial part of the capsule is 
resected, the instruments are switched, and with the scope 
in the anteromedial portal, the lateral capsule is fi nally 
removed with the cutting device through the anterolateral 
portal. The posterior interosseous nerve is only a few mil-
limetres from the capsule at this level       
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        Posterior Compartment 
 Once a complete anterior capsular release has 
been performed, the posterior compartment is 
examined through the posterior portal – directly 
posterior, 2 cm proximal to the olecranon process- 
and the shaver is introduced into the posterolateral 
portal -2 cm lateral to the posterior portal- to per-
form a general debridement (Fig.  6.8 ). If present, 
olecranon and olecranon fossa osteophytes are 
removed with a burr or with osteotomes. Often 
times it is necessary to deepen the olecranon fossa 
to accommodate the olecranon tip (Fig.  6.9 ). To 
increase elbow fl exion, the posterior capsule must 

be released along with the posteromedial and pos-
terolateral capsule.

    Finally, debridement of the posterolateral gut-
ter is done with the arthroscope in the posterior 
portal and the shaver in the posterolateral portal, 
although sometimes access through the midlat-
eral portal (soft spot) is necessary to complete 
the debridement of the posterior part of the 
radiocapitellar joint. The posteromedial area, 
where the ulnar nerve lies, must be protected 
throughout the procedure. If it is thought that 
there is fl exion defi cit secondary to contracture 
of the posterior band of the medial collateral 
ligament, this should be excised either open at 
the time of ulnar nerve decompression or 
arthroscopically, protecting the ulnar nerve 
which is in close vicinity. While working medi-
ally or in the anterior compartment, the surgeon 
should minimize the use of suction, use a hooded 
burr or shaver, and always keep the hooded por-
tion oriented toward the ulnar nerve or the ante-
rior capsule. 

 The portals should be closed using horizontal 
mattress sutures to avoid prolonged drainage. The 
postoperative protocol is similar for both open 
and arthroscopic procedures and will be discussed 
later.   

    Open Capsulectomy 

    Planning 
 Open capsulectomy can be done through a lat-
eral approach (the  column  procedure) or 
through a medial approach ( over the top  proce-
dure) or a combination of both. Most simple 
extrinsic contractures are performed through a 
lateral approach. Medial capsulectomy is rarely 
done as a primary procedure: If the ulnar nerve 
is to be addressed or there is extensive medial 
or coronoid arthrosis, the medial approach may 
be of value. However, it usually completes the 
lateral side release in more complex cases. 
When dealing with severe contractures a lim-
ited in situ decompression of the ulnar nerve 
can be done in combination to a lateral release 
through a separate incision over the cubital 
tunnel.  

  Fig. 6.8    Posterior capsulectomy is performed through 
the posterior ( P ) and posterolateral ( PL ) portals.  OL  olec-
ranon,  LE  lateral epicondyle,  ME  medial epicondyle       

  Fig. 6.9    If there are osteophytes in the olecranon, they 
should be removed before the posterior capsule is excised 
and the olecranon fossa is cleaned up (From Antuna and 
Barco [ 21 ])       
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    Patient Positioning, Incision and Skin 
Landmarks 
 The patient is placed supine with the arm resting 
on a side table or with the elbow across the 
chest. The olecranon, lateral and medial epicon-
dyles and the ulnar nerve are the main land-
marks. The proximal one-half of the Kocher 
incision can be used if no previous incision is 
present (Fig.  6.10 ). However, in our practice, 
the majority of cases are done through a poste-
rior skin incision, which allows access to the 
three compartments of the elbow joint using 
internervous planes of dissection an avoiding 
the detachment of the fl exor pronator muscle 
group. This universal posterior skin approach 
provides easy access to the ulnar nerve should 
we need to address nerve problems or postero-
medial capsular contractures.

       Deep Exposure 
 The fl eshy origin of the extensor carpi radialis 
longus, and distal fi bers of the brachioradialis are 
released from the humerus (Fig.  6.11 ). If required, 
due to associated pathology affecting the radio-
capitellar joint, this approach can be extended dis-
tally through Kocher interval while preserving the 
integrity of the lateral ulnar collateral ligament. 
The brachialis muscle is swept from the anterior 
capsule with a periosteal elevator (Fig.  6.12 ). 
Dissection in the anterior part of the joint must be 
meticulous due to the close vicinity of the neuro-
vascular structures. Once the brachialis is sepa-
rated from the capsule and retracted anteriorly, the 
exposed capsule can be resected in a triangular 
fashion with its base laterally and its apex medi-
ally (Fig.  6.13 ). The medial-most aspect of the 
capsule often is diffi cult to visualize clearly, but 

  Fig. 6.10    The lateral column procedure: ( a ) incision on 
the proximal one-half of the Kocher incision; ( b ) the bra-
chioradialis and ECRL are elevated from the humerus 

exposing the anterior capsule; ( c ) the capsulectomy is per-
formed (From Antuna and Barco [ 21 ])       
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can be palpated. It is incised to complete the 
release. Terminal extension is obtained with a 
controlled manipulation. Alternatively, if full 
extension is not achieved, the capsulectomy can 
be completed medially, through a limited eleva-
tion of the fl exor-pronator attachment (Fig.  6.14 ). 
At this point, if there is still fl exion defi cit due to 
tightness of the posterior band of the MCL, it can 
be resected (Fig.  6.15 )

       The triceps and anconeus are then retracted pos-
teriorly from the distal humerus, the posterior cap-
sule over the olecranon fossa is excised (Fig.  6.16 ) 
and the olecranon fossa is cleaned of soft tissue. 
Excision of the tip of the olecranon is done if osteo-
phytes are present.

       Postoperative Protocol 
 Postoperatively, after the neurovascular status is 
assessed, a brachial plexus block is done and 
maintained with a continuous pump through a 
percutaneous inserted catheter. A drain is placed, 
and the elbow is splinted in extension and ele-
vated for 12–24 h (Fig.  6.17 ). Once the immobi-
lization is removed, the elbow is placed in a 
continuous passive motion (CPM) machine and 
adjusted to provide as much motion as pain or 
the machine itself allows (Fig.  6.18 ). At day 2, 
the plexus block is discontinued and at day 3 the 
CPM machine is stopped. An adjustable static 
turnbuckle splint is then prescribed, and a stan-
dardized protocol for elbow splinting is followed 
for at least 3 months (Fig.  6.19 ). Active motion 
is encouraged from the fi rst day after hospital 
discharge.

         Complications 
 The complications in the treatment of a stiff 
elbow can be related to the healing of the soft 
tissues, damage to the neurovascular structures, 
recurrence of the stiffness or the persistence of 
pain. 

 Neurovascular complications are related to 
the surgical approach, and have been reported 
in both arthroscopic and open procedures. 
Although the great majority of these injuries 
are temporary neuroapraxias, complete tran-
sections of the radial and median nerve have 

  Fig. 6.11    Lateral capsulectomy starts by releasing the 
 Brachioradialis  and  Extensor Carpi Radialis  from the lat-
eral column of the humerus       

  Fig. 6.12    A periosteal elevator is used to separate the cap-
sule from the  Brachialis  and the neurovascular structures       
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been reported [ 1 ,  2 ]. Failure to recognize ulnar 
nerve pathology preoperatively or failure to 
decompress the nerve after gaining motion can 
lead to failure due to pain and progressive loss 
of fl exion, the so-called delayed onset ulnar 
neuropathy [ 3 ,  4 ]. 

 Closed gentle manipulation under anesthe-
sia within the fi rst weeks after surgery can be 
considered if motion does not progress ade-
quately, especially in extension. Under these 
circumstances, a new release achieves only 
mild gains in motion and should be levelled 

a b

  Fig. 6.13    ( a ) The capsule is completely isolated from the overlying  Brachialis  all the way until the medial column is 
reached. ( b ) Once the capsule is free from muscle, it is resected as far medially as possible       

a b

  Fig. 6.14    ( a ) If there is residual extension defi cit, the 
medial capsule can be safely resected by elevating 1–2 cm 
of the fl exor pronator mass ( FPM ). ( b ) The capsule can be 

easily excised with a knife while protecting the ulnar 
nerve ( UN ).  T  triceps,  ME  medial epicondyle,  MC  medial 
column       
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against the risks of another operation. A progres-
sive decrease in postoperative gains in motion 
should caution to the presence of heterotopic 
ossifi cation.    

a b

  Fig. 6.16    ( a ) Posterior capsulectomy is done by retracting the triceps muscle and tendon posteriorly. ( b ) Once access 
to the olecranon fossa is gained, the capsule is completely removed.  LC  lateral column,  OL  olecranon       

  Fig. 6.17    When the surgical procedure is fi nished, the 
patient is immobilized in extension and the arm elevated 
to avoid excessive swelling       

  Fig. 6.15    When there is severe fl exion defi cit, it is usu-
ally due to contracture of the posterior band of the medial 
collateral ligament ( PMCL ). This part of the ligament 
must be excised but the anterior band should be preserved. 
 UN  ulnar nerve,  ME  medial epicondyle,  OL  olecranon       
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    Results 

 The outcomes of arthroscopic and open capsular 
releases are depicted in Tables  6.1  and  6.2 .

        Author’s Perspective 

 Elbow stiffness is a common orthopaedic prob-
lem. Many patients may accommodate this limi-
tation to their functional demands and not 
consider any specifi c treatment. However, better 
understanding of elbow functional anatomy and 
biomechanics, together with improvements in 

surgical technique have made this operation 
more popular among orthopaedic surgeons. The 
introduction of arthroscopic techniques has also 
created new expectations in the treatment of 
these patients and has proved to be as effective as 
open procedures. Nevertheless, the potential 
neurovascular complications and the degree of 
surgical skill limit its expansion. Elbow stiffness 
in the context of an arthritic joint is a more com-
plex problem, and isolated capsular release may 
not be the ideal indication; conversely an inter-
position arthroplasty or elbow replacement may 
be preferred according to specifi c patient’s 
characteristics. 

  Fig. 6.18    Use of CPM is encouraged after an initial resting period of 24–48 h, depending on pre-existing pathology 
and procedure       

a b

  Fig. 6.19    After the patient is discharged from the hospital, adjustable static splints are almost routinely used. Every 
patient follows a personalized program for 3 months to maintained fl exion ( a ) and extension ( b )       
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 When considering surgical treatment of a stiff 
elbow, the patient is probably more important 
than the surgeon. This operation should never be 
indicated in a non-collaborative patient, or where 
there are doubts of patient’s capabilities to under-
stand the postoperative protocol.     
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      Techniques to Repair 
or Reconstruct the Lateral 
Collateral Ligament Defi cient 
Elbow                     

     Melanie     Vandenberghe      and     Roger     van     Riet     

    Abstract  

  An unstable elbow following a simple elbow dislocation is a rare event. 
Even when it occurrs patients may tolerate it well and will not seek medi-
cal advice for this condition. Lateral elbow pain, clicking and a feeling of 
giving way may be present but the physical exam is critical for the correct 
diagnosis. Fluoroscpoy or arthroscopy may be necessary to confi rm the 
diagnosis.  

 Typically, patients with chronic symptoms are treated with reconstruc-
tion of the LCUL using a variety of grafts, confi guration and fi xation 
methods. Repair may be reserved for a selected group of patients. A new 
arthroscopic imbrication technique is presented for the treatment of 
patients wih subtle sympotms of instability.  

 Results of operative technique achieve a success of 75–95% with dete-
riorating results in cases of revision surgery or a preoperative painful 
elbow without signifi cant perceived instability. This again highlights the 
importance of achieveing a correct preoperative diagnosis.  

  Keywords  

  Instability   •   Lateral collateral ligament   •   Arthroscopy   •   Ligamentoplasty   • 
  Tendon graft  

      Indications 

 Simple elbow dislocations are reduced under gen-
eral anesthesia. Following reduction, the elbow is 
taken through a full range of fl exion and exten-
sion, while avoiding varus and valgus stress. If the 
elbow dislocates before the elbow is extended 
beyond 60–30°, a primary ligamentous repair or 
some form of external fi xation is indicated. 
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 The decision to perform surgery on the chron-
ically unstable elbow starts with the patient his-
tory and depends on the clinical exam. If the 
patient had a single dislocation with recurrent 
symptoms but no frank dislocation or experi-
ences recurrent subluxations, the decision to per-
form surgery is multifactorial. When a patient 
had several documented dislocations, resulting 
from minimal trauma, an open ligamentoplasty is 
indicated. 

 The physical exam will include the pivot shift 
test, posterior drawer test and table-top test, 
together with varus-valgus stress. Typically, more 
than one test is positive. Radiographs and MRI 
scanning complete the decision making process. 
Radiographs are often negative in patients with 
chronic Posterolateral Rotatory Instability 
(PLRI). If there is gross instability during testing, 
with severe soft tissue damage, as evident on the 
MRI (Fig.  7.1 ), an open ligament reconstruction 
is performed. When clinical tests are positive, but 

there are no gross signs of instability, MRI often 
confi rms lateral collateral ligament tearing or 
scarring. In these patients, we prefer to use an 
arthroscopic technique. When in doubt, an exam 
under anesthesia could be done before deciding 
which technique to use.

       Techniques 

    Open Ligamentoplasty 

 The patient is placed supine with the arm on an 
armtable. The choice of general or local anaes-
thesia is left to the patient. We prefer locoregional 
anesthesia from a supraclavicular block placed 
under ultrasound guidance. 

 The elbow is examined once adequate anaes-
thesia is administered and includes range of 
motion, varus and valgus stresses and a pivot 
shift test (Fig.  7.2 ). These should all be positive 
before proceeding with the open reconstruction.

   The arm is exsanguinated and the tourniquet is 
insuffl ated to 250 mmHg. 

 The incision starts 2 cm proximal to, and is 
centered over, the lateral epicondyle (Fig.  7.3 ). 
The incision continues between the middle and 
posterior two-thirds of the radial head towards 
the subcutaneous border of the ulna.

   Kocher’s interval is identifi ed between the anco-
neus muscle posteriorly and the extensor carpi 
ulnaris anteriorly. Usually a ‘fatty streak’ (Fig.  7.4 ) 

  Fig. 7.1    MRI scan showing a lateral collateral ligament 
rupture (Courtesy of MoRe Foundation)       

  Fig. 7.2    Positive pivot shift test as shown by a dimple at 
the radiohumeral joint (Courtesy of MoRe Foundation)       
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can be seen between the two muscles, but with 
previous surgery on the lateral side of the elbow 
this interval may be diffi cult to identify (Fig.  7.5 ).

    The approach is developed onto the lateral 
capsule and the annular ligament and the capsule 
is opened (Fig.  7.6 ). When the split is taken more 
distally, the lateral side of the ulna becomes 
apparent. Often, three blood vessels are present at 
the distal end of the approach; these should be 
coagulated to avoid postoperative bleeding.

   Once a good view of the lateral side is 
obtained, the supinator crest is palpated on the 
ulna. It feels like a sharp edge on the anterolateral 
side of the ulna, and when followed proximally 
towards the radial head, a small tubercle is usu-
ally palpable. This is just distal to the radial head 
and defi nes the insertion of the lateral ulnar col-
lateral ligament (LUCL). 

 Proximally, the posterior insertions of the 
common extensor tendon, as well as any rem-
nants or scarring of the lateral collateral ligament 
complex, are sharply elevated from the lateral 
epicondyle. Tracing the outline of the capitellum 
identifi es the origin of the LCL complex at the 
center of the lateral condyle (Fig.  7.7 ).

   At this point it is easy to inspect the radiocapi-
tellar joint and any impinging synovitis can be 
debrided. If the patient showed a decreased range 
of motion pre operatively, an anterior capsulot-
omy or capsulectomy can also be performed. 

 Both autograft as allograft tendon can be used 
to reconstruct the ligament. There is no docu-

  Fig. 7.3    The patient is positioned in supine position with 
the arm on an armtable. The radial head, capitellum and 
planned incision are marked on the lateral side of this 
patient’s elbow (Courtesy of MoRe Foundation)       

  Fig. 7.4    Kocher’s interval can be identifi ed by a fatty 
streak between the anconeus and extensor carpi ulnaris 
muscle bellies (Courtesy of MoRe Foundation)       

  Fig. 7.5    The fatty streak and Kocher’s interval can be 
diffi cult to identify in patients that had previous surgery 
(Courtesy of MoRe Foundation)       

  Fig. 7.6    The radiocapitellar joint can be viewed once the 
capsule is opened (Courtesy of MoRe Foundation)       
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mented benefi t of one type over the other. We 
prefer an extensor hallucis longus allograft as this 
is fairly consistent in size and avoids the potential 
morbidity involved with harvesting autograft ten-
don. Other potential graft donor sites include the 
triceps, the Palmaris longus, or the gracillis. 

 There are several ways to fi x the graft: bone tun-
nels, docking technique, interference screws and 
cortical buttons have all been described. We pre-
fer to use a cortical button with an adjustable loop, 
because it provides an immediate strong fi xation 
and the adjustable loop is used to tension the graft. 

 A guide wire is drilled in the ulna unicortically 
at the tubercle on the supinator crest. It is over-
drilled with a 4.5 mm canulated drill, again only 
drilling through the near cortex (Fig.  7.8 ). The 
guide wire is removed and the button placed intra-
medullary, it is fl ipped to obtain a strong fi xation 
(Fig.  7.9 ). The tendon graft is pulled through the 
loop in a way, so that the loop is at the halfway 
level of the tendon (Fig.  7.10 ). The loop is then 
closed and the graft is fi xed on the ulnar side. 
While doing this, the elbow is fl exed to 30° with 
the forearm in pronation. A second cortical button 
is placed in similar fashion through humeral tun-
nels. A guide wire is drilled bicortically from the 
insertion of the LCL  complex at the lateral epicon-
dyle. The near cortex is then overdrilled wit a 
6 mm cannulated drillbit, so that the graft can later 
be pulled into the tunnel (Fig.  7.11 ). The graft is 

  Fig. 7.9    The guide wire is removed and the button placed 
intramedullary, it is fl ipped to obtain a strong fi xation 
(Courtesy of MoRe Foundation)       

  Fig. 7.10    The tendon graft is pulled through the loop in 
a way, so that the loop is at the halfway level of the tendon 
(Courtesy of MoRe Foundation)       

  Fig. 7.8    A guide wire is drilled in the ulna unicortically 
at the tubercle on the supinator crest. It is overdrilled with 
a 4.5 mm canulated drill, again only drilling through the 
near cortex (Courtesy of MoRe Foundation)       

  Fig. 7.7    The origin of the LCL is located at the centre of 
the capitellar circumference       
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fed into the loop of the button (Fig.  7.12 ) and the 
button is pulled through to the second cortex. This 
can be done under direct view of the posterior cor-
tex of the humerus but this is usually not neces-
sary. Both limbs of the graft are pulled through the 
loop and pulled, so that the preferred tension is 
placed on the graft (Fig.  7.13 ). Care is taken to 
reduce the elbow in the right position at this point 
and the loop is tightened. Both free limbs are then 
folded over the fi xed part of the graft and sutured 
together, using non-absorbable suture (Fig.  7.14 ). 
Kocher’s interval is closed over the graft (Fig.  7.15 ) 
and skin is sutured in a standard fashion. The arm 

  Fig. 7.11    A guide wire is drilled bicortically from the 
insertion of the LCL complex at the lateral epicondyle. 
The near cortex is then overdrilled wit a 6 mm cannulated 
drillbit, so that the graft can later be pulled into the tunnel 
(Courtesy of MoRe Foundation)       

  Fig. 7.12    The graft is fed into the loop of the button 
(Courtesy of MoRe Foundation)       

  Fig. 7.13    Both limbs of the graft are pulled through the 
loop and pulled, so that the preferred tension is placed on 
the graft (Courtesy of MoRe Foundation)       

  Fig. 7.14    Both free limbs are then folded over the fi xed 
part of the graft and sutured together, using non- absorbable 
suture Kocher’s interval is closed over the graft (Courtesy 
of MoRe Foundation)       

  Fig. 7.15    Kocher’s interval is closed (Courtesy of MoRe 
Foundation)       

 

 

 

 

 

7 Techniques to Repair or Reconstruct the Lateral Collateral Ligament Defi cient Elbow



108

is placed in a removable splint to avoid any unco-
ordinated movements during the time that the arm 
is anesthetized or, if general anesthesia was used, 
when the patient wakes up.

          Cortical button technique is elegant, reliable 
and easy to execute. There are, however, more 
“classical techniques” as the docking technique 
that have also proved very effective in reestab-
lishing elbow stability (Fig.  7.16 ).

      Pitfalls 
 There are several pitfalls associated with this 
type of surgery. The most frequent complication 
is residual or recurrent instability. Adequate ten-
sioning of the graft is mandatory to avoid this 
complication. Some technical details should be 
considered to avoid complications specifi c to the 
technique described. The ulnar nerve should be 
identifi ed and protected if the surgeon would pre-
fer to use a bicortical button in the ulna. In this 
case we suggest the tunnels are drilled and the 
button is fl ipped under direct view of the medial 
side of the ulna. Flipping in the intramedullary 
canal can be challenging but it is less diffi cult 
when drilling the tunnels slightly oblique, away 
from the articulation. This also decreases the pos-
sibility of damaging the articular surface if the 
tunnel is drilled too proximally. Once the button 
has fl ipped, the fi xation needs to be tested by 
pulling the loop. This will pull the button against 
the cortex and offer additional fi xation strength, 
as well as decreasing the chance of losing tension 
once the graft is tightened. 

 The humeral tunnel should be drilled proxi-
mally and medially and end up in strong cortical 

bone on the posterolateral side of the humerus as 
this will decrease the chance of tunnel breakage. 
Care should also be taken not to exit in the olec-
ranon fossa, as this could cause impingement of 
the button when extending the arm.  

    Postoperative Regimen 
 The splint is removed on the fi rst postoperative 
day and a dynamic brace is applied. Flexion is 
allowed fully and extension is blocked at 60° for 
the fi rst 2 weeks after surgery. From 2 to 4 weeks 
postoperatively, extension is allowed to 30° and 
the following 2 weeks full extension is allowed in 
the brace.   

    Arthroscopic Repair 

 In our practice, arthroscopic procedures of the 
elbow are always performed under general anes-
thesia as patients are placed in the lateral decubi-
tus position. This is a rather uncomfortable 
position for the patient, who tends to stretch the 
back or shoulder if locoregional anesthesia is 
used. Additionally, this avoids unexpected move-
ments when the working instruments are in close 
proximity to the neurovascular structures. The 
arm is rested on a support and care is taken to 
avoid compression on the antecubital space as 
this would decrease the quality of the arthroscopic 
view and possibly push the neurovascular struc-
tures towards the instruments. A good trick is to 
rest the tourniquet on the support as this adds to 
the stability of the position and avoids antecubital 
compression. 

  Fig. 7.16    Another way to fi x the graft is the classic docking technique (Courtesy of Samuel Antuna)       
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 A clinical exam of the elbow is done before 
any incision is made, including specifi c tests for 
lateral instability. Typically, the elbow cannot be 
dislocated but a subluxation during pivot shift 
testing is noted. Anatomical landmarks, includ-
ing the ulnar nerve, olecranon and radial head are 
drawn on the skin with a marker. The joint is 
insuffl ated with saline via the soft spot (Fig.  7.17 ). 
A standard anteromedial portal is made 2 cm 
proximal and 1 cm anterior to the medial epicon-
dyle. We use a number 15 blade for all 
arthroscopic portals. The joint is entered with a 
blunt trocar, gliding over the anterior surface of 
the humerus, aiming at the radial head. We use a 
4.5 mm, 30° scope. Inspection of the anterior 
compartment is done in a structured way starting 
with the radial head, to the coronoid, coronoid 
fossa, radial fossa and anterior capsule. Some 
synovitis may be present or, in some patients, 
signs of previous trauma or osteoarthritis. A lat-
eral working portal is only made when necessary. 
This is done under direct view using a needle for 
guiding the portal placement. A shaver or other 
arthroscopic instrument can enter the joint 
through the lateral portal.

   The posterolateral portal is the fi rst posterior 
portal made. This portal is positioned at the lat-
eral tip of the olecranon and the blade is directed 
to the olecranon fossa. It is important not to posi-
tion this portal too proximal, as it will be more 
diffi cult to direct the scope towards the radio-
humeral gutter. The trocar is directed to the olec-
ranon fossa and the scope is directed to the ulnar 

gutter, as this can usually be easily identifi ed. 
From here the medial ulnohumeral joint can be 
inspected. Valgus stress is applied to test the 
medial collateral ligaments. The tip of the olec-
ranon is then followed to the olecranon fossa and 
inspected. Often there is no signifi cant pathol-
ogy in this patient group but a mid-posterior por-
tal can be used if anything needs to be addressed 
at this point. 

 The scope is then directed to the tip of the 
olecranon, continuing laterally until the radial 
gutter is seen. The elbow is extended to 30° and 
the scope enters the radiohumeral gutter. It often 
helps to rotate the cannula away from the olecra-
non as this will avoid catching of the cannula on 
the lateral capsule and eases entry into the radial 
gutter (Fig.  7.18 ).

   A synovial fold usually obscures the view 
onto the radial head but the scope can be pushed 
past it, so that the radial head can be seen. A nee-
dle is used to determine the position of the soft- 
spot portal and the incision is made. To achieve a 
clear view of the radial head, a soft tissue shaver 
is used to resect the synovial fold and any synovi-
tis that is present. 

 The traditional pivot shift and posterior drawer 
tests are not very helpful at this stage, as it is not 
possible to maintain a good view on the radio-
humeral joint while these tests are performed. 
The arthroscopic rotatory instability (ARI) test is 
best performed at this stage. Unlocking the radius 
from the humerus is done with a varus stress to 
the elbow. The forearm is then fully supinated. In 
a positive ARI test, the radial head will be trans-

  Fig. 7.17    Anatomical landmarks, including the ulnar 
nerve, olecranon and radial head are drawn on the skin 
with a marker. The joint is insuffl ated with saline via the 
soft spot (Courtesy of MoRe Foundation)       

  Fig. 7.18    The scope is placed in the posterolateral view-
ing portal and directed to the radial gutter (Courtesy of 
MoRe Foundation)       
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lated posteriorly, while the lateral ulnohumeral 
joint space opens. In severe cases, the scope can 
enter the ulnohumeral joint and the ulnar gutter 
can be visualized or even entered from the lateral 
side. It is important to realize that this rotatory 
drive through sign is not the same as medial 
opening from a medial collateral ligament injury. 

 A 14G needle is loaded with a PDS II suture 
(Fig.  7.19 ). The lateral epicondyle is palpated 
and the needle is placed at the center of the epi-
condyle and is directed to the radial gutter. The 
suture can be shuttled into the joint, once the 
needle tip comes into view. A grasper is intro-
duced through the soft-spot portal and the suture 
is pulled out of the joint from the soft-spot portal. 
The needle is removed and reloaded with the 
other half of the suture.

   Palpate the radial head and the subcutaneous 
border of the ulna. The needle is inserted on the 
subcutaneous border of the ulna and directed 
over the insertion into the radial gutter. This 
placement is essential as the insertion of the 
LUCL is located on the supinator crest of the 
ulna, at the base of the radial head. Care is 
taken to stay on the bone of the ulna while the 
needle is inserted (Fig.  7.20 ). This not only 
strengthens the imbrication but also directs the 
needle away from the anterior neurovascular 
structures. The PDS wire is again shuttled 
through the needle and taken out of the soft spot 
portal with a grasper.

   Both halves are tied together and the knot is 
pulled distally or proximally. The PDF is now 
fully intra-articular and exits the skin at the ori-
gin of the LUCL at the lateral epicondyle, runs 
over the LUCL insertion at the supinator crest 
and exits the skin distally at the subcutaneous 
border of the ulna, in line with the LUCL 
(Fig.  7.21 ). A knot is tied in the proximal end of 
the PDS and a second PDS is pulled halfway 
through the loop. The fi rst PDS is then pulled 
distally and then removed as soon as the tow 
strands exit the skin. Now two strands of PDS 
are intra-articular (Fig.  7.22 ). A small clamp is 
used to pull all PDS ends subcutaneously to the 
soft-spot portal (Figs.  7.23  and  7.24 ). The ARI 
test is repeated with the sutures relaxed and with 
the sutures tightened. There should be a marked 

  Fig. 7.19    A 14G needle is loaded with a PDS II suture 
(Courtesy of MoRe Foundation)       

  Fig. 7.20    The needle is inserted on the subcutaneous 
border of the ulna and directed over the insertion into the 
radial gutter. This placement is essential as the insertion of 
the LUCL is located on the supinator crest of the ulna, at 
the base of the radial head. Care is taken to stay on the 
bone of the ulna while the needle is inserted (Courtesy of 
MoRe Foundation)       

  Fig. 7.21    The PDF is now fully intra-articular and exits the 
skin at the origin of the LUCL at the lateral epicondyle, 
runs over the LUCL insertion at the supinator crest and 
exits the skin distally at the subcutaneous border of the 
ulna, in line with the LUCL (Courtesy of MoRe Foundation)       
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increase in stability once the sutures are tight-
ened. The scope is then removed from the radio-
humeral gutter to allow for maximum tightening 
of the sutures. The elbow is held reduced as both 
sutures are tied separately (Fig.  7.25 ). The 
sutures have now created a loop around the 
LUCL, lateral capsule and anconeus, imbricat-
ing these structures. All portals are closed and 
the elbow carefully extended as far as it allows 
without tension. A posterior splint is applied 
with the arm in this degree of extension. This is 
to evacuate as much of the fl uid as possible. The 
splint is removed on the fi rst postoperative day 
and a brace is applied. Flexion is allowed but 
extension is blocked at 60° for the fi rst 2 weeks 
after surgery. From 2 to 4 weeks extension is 
allowed to 30° and the following 2 weeks full 
extension is allowed in the brace.

            Results 

 A summary of the literature has been listed in 
Table  7.1 . Complication ratio is approximately 

  Fig. 7.22    The PDS is doubled to creat a double-strand 
repair (Courtesy of MoRe Foundation)       

  Fig. 7.23    A small clamp is used to pull all PDS ends 
subcutaneously to the soft-spot portal (Courtesy of MoRe 
Foundation)       

  Fig. 7.24    The PDS has been shuttled out through the soft 
spot portal. Both strands now run from the soft spot portal, 
over the anconeus to the insertion at the lateral condyle, 
intra-articular under the capsule, out over the origin at the 
ulna and back through the soft spot portal (Courtesy of 
MoRe Foundation)       

  Fig. 7.25    The elbow is held reduced as both sutures are 
tied separately (Courtesy of MoRe Foundation)       
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11 %. Most complications described are minor and 
do not require a reoperation. The overall reopera-
tion rate is 2.6 % [ 8 ]. Some degree of decreased 
range of motion (5–10°) can be expected. Recurrence 
of instability is the most common complication. 
Other complications described are hematoma and 
superfi cial infection [ 8 ].

       Author’s Perspective 

 Patients usually do well after either the open or 
the arthroscopic procedure. Recurrence of 
 instability is rare and patients regain good func-
tion for their activities of daily living. The key to 
a successful outcome is patient selection. Until 
now we have reserved the arthroscopic technique 
that we described for patients with posterolateral 
rotatory instability that did not lead to recurrent 
dislocations. The open reconstruction has been 
tried and tested and allows for good functional 
outcomes in most patients. There is a long recov-
ery and this may partly be due to the extensive 
soft issue approach that needs to be done in order 
to get a good exposure to the origin and the inser-
tion of the LUCL. We feel that the arthroscopic 
technique will gain ground in the coming years 
and that the technique will be adapted to be used 
for reconstructions using allograft tendon as 
described in the open technique.     
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   Table 7.1    Summary of results as published in recent literature   

 Author  Year  Timing  Technique 
 No. 
patients 

 FU 
(months) 

 resolution of 
instability 

 Mean 
MEPS 

 Sung Kim 
et al. [ 1 ] 

 2013  Acute  Open repair  19  9  89 %  87 
(65–100) 

 Daluiski 
et al. [ 2 ] 

 2014  Acute vs. 
chronic 

 Open repair 
 Acute vs chronic 

 34  42  89 % acute 
 100 % delayed 

 90 acute 
 89 
delayed 

 Sanchez- 
Sotelo 
et al. [ 3 ] 

 2005  Chronic  Repair vs. 
reconstruction 

 44  72  75 % repair 
 88 % 
reconstruction 

 van Riet 
et al. [ 4 ] 

 2015  Chronic  Arthroscopic 
imbrication 

 20  21  95 %  90 
(70–100) 

 Jones et al. 
[ 5 ] 

 2011  Chronic  Open 
reconstruction 

 8  85  75 %  88 
(75–100) 

 Vernet 
et al. [ 6 ] 

 2015  Chronic  Open 
reconstruction 

 19  61  100 %  90 
(60–100) 

 Baghdadi 
et al. [ 7 ] 

 2014  Revision  Revision open 
reconstruction 

 11  60  73 %  83 
(60–100) 
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      Elbow Replacement 
for Degenerative and Traumatic 
Conditions                     

     Samuel     R.     Vollans      and     David     Stanley    

    Abstract  

  The traditional and primary indication for total elbow replacement (TER) 
is infl ammatory arthritis. More recently, the indications have been extended 
to acute trauma and its sequelae. The indications now include TER for 
acute distal humeral fractures in the elderly and the management of trauma 
related conditions, such as post-traumatic arthritis and peri-articular distal 
humeral non-unions. 

 It should be noted however that irrespective of age, it is always prefer-
able to reconstruct elbow fractures by open reduction and internal fi xation 
if this is technically possible rather than by TER. This is because a well 
fi xed united fracture should give the patient a functional elbow without 
complication or the need for future surgery. In contrast with time, aseptic 
loosening and the need for revision surgery is likely in patients undergoing 
TER irrespective of the primary pathology. 

 This chapter describes the surgical technique of primary elbow arthro-
plasty in infl ammatory arthritis and outlines the differences encountered 
when this procedure is used for fracture and post-traumatic indications.  

  Keywords  

  Total elbow replacement   •   Rheumatoid   •   Arthritis   •   Fracture   •   Non-union   
•   Post-traumatic  

      Indications 

 Total elbow replacement (TER) is indicated for 
the following pathological conditions:

•    Infl ammatory arthritis (Fig.  8.1a )
•      Distal humeral fractures [ 1 ]
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•    In patients over approximately 70 years 
of age with unreconstructable injuries 
(Fig.  8.1b ).  

•   In patients with pre-existing arthritis and 
radiological evidence of elbow disease 
(Fig.  8.1c ).  

•   In patients with reduced life expectancy 
(pathological bone or malignancy)     

•   Post-traumatic sequelae
•    Failed fi xation (Fig.  8.1d )  
•   Simple distal humeral non-union (Fig.  8.1e )  
•   Complex periarticular non/mal-unions 

(Fig.  8.1f )  
•   Post-traumatic arthritis  
•   Chronic Elbow dislocation (Fig.  8.1g )     

•   Primary osteoarthritis (rare).     

    Contraindications 

 The principle contraindication to TER is the 
presence of active infection. In addition, since the 
elbow’s primary function is to position the hand 
in space, any patient undergoing a TER should 
possess a neurologically intact functional hand. 

 In this chapter we will describe in detail the 
technique of TER for infl ammatory arthritis. We 
will also discuss variations in the technique when 
performing TER for acute fractures and post- 
traumatic conditions (non-union and post- 
traumatic arthritis). We will not comment 
specifi cally on TEA for primary osteoarthritis 
since there is only limited outcome information 
on this topic in the peer-reviewed literature.  

    Total Elbow Replacement 
for Arthritis 

    Radiographic Workup 

 In preoperative planning, AP and lateral radio-
graphs of the affected elbow are essential 
(Fig.  8.1 ). These must be examined for the sever-
ity of joint destruction, the size of the humeral 
and ulna canals and the presence of excessive dis-
tal humeral bow. All these factors will affect the 
type of arthroplasty that can be inserted. In the 

presence of previous ipsilateral surgery, radio-
graphs from the shoulder to the wrist may be 
required in order to identify any additional diffi -
culties that may be encountered at the time of 
surgery. If concerns exist regarding periarticular 
malunion or bone stock quality, a CT scan may 
be helpful to aid planning and defi nitive implant 
positioning.  

    Anaesthetic/Patient Positioning 

 Surgery is performed under general anaesthesia 
and a regional block. The patient is placed in the 
lateral decubitus position with the arm supported 
on a narrow arm gutter and the forearm hanging 
vertically. Alternatively, the procedure can be 
done with the patient supine and the arm across 
the chest. Prophylactic intravenous antibiotics 
are given approximately 30 min prior to infl ation 
of a high arm tourniquet to 250 mmHg.  

    Superfi cial Landmarks 

 The landmarks that allow orientation are the 
olecranon, the ulnar nerve and the radial head 
(Fig.  8.2a ). With the patient draped and on the 
operating table a simple way to aid orientation, is 
the phrase  ‘head-to-head’ , since in the lateral 
decubitus position the radial head always lies 
towards the patient’s head (Fig.  8.2b ).

       Surgical Approach 

 Many surgical approaches for TER have been 
described and it is a matter of surgeon experience 
and preference as to which is used. The approach, 
soft tissue releases and subsequent exposure of 
the elbow are vital to gain adequate safe access 
for the bony cuts, canal preparation, trialling and 
cementation of the defi nitive implants. Our pref-
erence is the Shahane-Stanley approach [ 2 ], 
which allows wide exposure of the joint, mobil-
ises the ulnar nerve within its soft tissue bed, 
facilitates soft tissue tensioning after insertion of 
the implants and closes the soft tissues as a single 
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  Fig. 8.1    Radiographs of preoperatively elbow conditions 
prior to total elbow replacement – ( a ) rheumatoid arthritis, 
( b ) unreconstructable fracture, ( c ) preexisting arthritic 
elbow with fracture, ( d ) failed fi xation, ( e ) distal humeral 

non-union, ( f ) complex periarticular non/malunion with 
bone loss and joint destruction, and ( g ) chronic elbow 
dislocation             

a

b
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Fig. 8.1 (continued)

c

d

e

S.R. Vollans and D. Stanley



117

envelope thereby isolating the replacement from 
the superfi cial layers of the elbow. 

 A straight posterior skin incision is made cen-
tred on and just ulnar to the tip of the olecranon. 
Full thickness skin fl aps are then raised to expose a 
wide surgical fi eld. The ulnar nerve is identifi ed 
and superfi cially decompressed. It is important that 

the surgeon knows the location of the nerve and 
protects it from injury throughout the entirety of 
the procedure (Fig.  8.3 ). We do not routinely trans-
pose the nerve but will do so if following insertion 
of the TER the nerve appears to be stretched on 
passive fl exion of the elbow. This is most likely to 
occur in patients with poor preoperative fl exion. By 

f

g

Fig. 8.1 (continued)
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contrast some surgeons routinely transpose the 
nerve without adverse effects. The triceps is then 
split and the extensor mechanism released subperi-
osteally from both the humerus and the ulna to 
fully expose the elbow joint (Fig.  8.4 ). In doing this 
the ulnar nerve is mobilized with its deep soft tissue 
bed from the bone to allow access to the medial 
column of the humerus.

    The medial and lateral ulnar collateral liga-
ments are released from their humeral insertions 
to allow complete exposure of the distal humerus 
(Fig.  8.5 ). The tip of the olecranon is excised to 
facilitate dislocation of the elbow joint and to 
enable preparation of the ulnar canal. In addition, 
the anterior capsule is released from the humerus 
and the coronoid. Attention is then directed to the 
radial head; if this is diseased resulting in 
restricted pronation and supination it is excised. 
Otherwise, our preference is to retain the radial 
head to maintain the integrity of the proximal 
radio-ulnar joint.

       Bone Preparation 

 The technique of bone preparation is determined 
by the prosthesis to be inserted. Most systems 
possess instrumentation to prepare the intramed-
ullary canal and metaphysis for both the humeral 
and ulnar components ensuring accurate implant 
orientation. Our preferred replacement is the 
linked Coonrad-Morrey Total Elbow 
Arthroplasty – Zimmer®. Initially, the central 
portion of the trochlea is resected to the level of 
the olecranon fossa using an oscillating saw. We 
make multiple saw cuts to create bone slices of 
varying widths that will later be used as options 

a b

  Fig. 8.2    Photographs of patients positioned in the lateral decubitus position for left elbows, showing ( a ) the important 
anatomical landmarks, and ( b ) the radial head is always towards the patient’s head aiding orientation after draping       

  Fig. 8.3    Clinical photograph showing the ulnar nerve 
superfi cially decompressed and the line of the triceps 
splitting incision ( blue line )       
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for the anterior humeral fl ange bone graft 
(Fig.  8.6 ). A burr is then used to open the medul-
lary canal at the proximal olecranon fossa. The 
intramedullary alignment rod is placed within the 
humeral canal and an appropriately sized cutting 
block placed to aid the preparation of the metaph-
yseal bone (Fig.  8.7 ). This can either be marked 
then cut freehand or resected using the cutting 
block. It is important to avoid notching the 
humerus proximally, as this may result in an 
uncontrolled fracture. The humeral canal is then 
progressively rasped enabling the largest diame-
ter trial implant to be inserted that appropriately 
fi lls the humeral canal but leaves suffi cient space 
for cement insertion. Normally shorter length 

humeral implants are used when primary replace-
ments are performed. As such, for the majority of 
Coonrad-Morrey TERs that we perform for 
infl ammatory arthritis we would use the 4 in. 
humeral stem. Irrespective of what elbow system 
is used fi ne-tuning of the bony cuts is often 
required and is most safely achieved using a burr.

    The medullary canal of the ulna is then opened 
through the bare area of the articular surface with 
a burr (Fig.  8.8 ). By sequentially rasping the ulna 

  Fig. 8.6    Diagram showing the saw cuts that would be 
made ( black lines ) to produce varying thicknesses of bone 
that would become options for the anterior humeral fl ange 
bone graft and allow access to the medullary canal       

  Fig. 8.4    Images before and after refl ecting the extensor mechanism, which is raised subperiosteally from the humerus 
and ulna       

  Fig. 8.5    Sketch diagram of the collateral ligament 
release and excision of the olecranon tip to allow exposure 
of the distal humerus and dislocation of the native elbow 
(Reproduced from Zimmer® with permission)       
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and judicious use of the burr proximally, the 
appropriate ulna trial is determined such that it 
fi lls the ulna canal leaving suffi cient space for the 
cement mantle. Having prepared the humeral and 

ulna canals the trial implants are inserted and 
linked together with the trial pin. The elbow 
replacement is then examined during passive fl ex-
ion and extension. If the elbow is well  balanced 
the trial components do not piston in and out of 
the humeral or ulnar canals with fl exion or exten-
sion. If pistoning does occur it is important to 
examine the joint and adjust the position of either 
the humeral or ulnar component such that during 
fl exion and extension this problem is eradicated.

   At this stage it is also important to make sure 
that at the extremes of fl exion and extension there 
is no evidence of impingement. This is most likely 
to occur between the olecranon and distal humerus 
on extension and between the coronoid or radial 
head and anterior humerus on fl exion. If present 
appropriate resection of bone is required since if it 
is not addressed there will be early failure of the 
replacement due to aseptic loosening. The trial 
implants are then removed and the humeral and 
ulna canals washed with chlorhexidine and dried 
prior to inserting the defi nitive implants.  

    Cementing Technique 
and Assembling the Components 

 Some of the resected fragments of cancellous 
bone from the trochlea are impacted into the 
humeral canal to form a cement restrictor. The 
defi nitive humeral and ulna components are then 
inserted sequentially using high viscosity bone 
cement with Gentamicin. This is injected under 
pressure using a cement gun. Although there are 
a number of different ways in which TERs are 
linked they are broadly classifi ed into linking 
“from the back” or “from the side”. In TERs that 
link from the back, both components can be 
cemented fully prior to linking and can easily be 
unlinked if needed to clear any extruded cement. 
In TERs that link from the side, we recommend 
removing just enough bone from each column to 
gain full access to the linking mechanism. The 
components can then be cemented fully before 
temporarily linking the prosthesis using the larger 
outer pin. The TER can then be unlinked to check 
for previously unseen cement debris before a 
fi nal linkage and closure is performed. 

  Fig. 8.8    Diagram showing the ideal entry point and 
direction of burring through the bare area of the olecra-
non, which will access the medullary canal of the ulna 
(Reproduced from Zimmer® with permission)       

  Fig. 8.7    Diagram showing the positioning of the intra-
medullary humeral cutting guide of the Coonrad-Morrey 
Total Elbow Arthroplasty by Zimmer®. The bone block 
can either be cut with the jig in-situ or marked and subse-
quently cut freehand, as is our preference (Reproduced 
from Zimmer® with permission)       
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 An alternative approach used by some sur-
geons who insert side locking linked prostheses 
is to link the prosthesis prior to fi nal implant 
positioning (Fig.  8.9 ). This fully preserves the 
condyles and hides the linkage mechanism 
behind the columns. In our experience however 
this approach is more diffi cult to perform particu-
larly with regard to accurate positioning of the 
components within the cement mantle.

       Flange Bone Graft 

 The humeral fl ange of the Coonrad-Morrey TER 
is designed to increase rotational stability of the 
implant. To improve its load transfer to the distal 
humerus, a bone block is needed between the 
fl ange and the humerus. We use the bone resected 
from the trochlea of the distal humerus at the start 
of the procedure. The graft is placed behind the 

fl ange as the defi nitive humeral prosthesis is 
inserted (Fig.  8.10 ).

       Extensor Mechanism Repair 

 It is essential, if a triceps refl ecting approach has 
been used to gain access to the elbow joint, that 
the triceps is strongly repaired to the olecranon 
after inserting the TER. To do this we drill 
1.5 mm holes in the olecranon and attach the tri-
ceps to the bone with multiple non-absorbable 
sutures. The triceps split is then closed in a con-
tinuous manner with an absorbable suture.  

    Postoperative Regimen 

 The patient is placed in a plaster back-slab in 
extension with the arm elevated for 48 h. This 

a b

  Fig. 8.9    ( a ) Linking the prosthesis is very easy when 
the lateral condyles are removed. ( b ) Technique of pros-
thesis insertion for a “from the side” TER if the humeral 
condyles are left in-situ. The ulnar component is usually 

inserted fully and the humeral component partially 
before linking and fi nal insertion (Reproduced from 
Zimmer® with permission)       
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helps settle the immediate post-operative swell-
ing. After removal of the plaster back-slab the 
patient is allowed to progressively undertake 
active elbow fl exion but only passive extension 
with gravity. Post-operative AP and lateral 
radiographs are performed to confi rm the fi nal 
implant position (Fig.  8.11 ). Progress to full 

active fl exion and extension is supervised by the 
patient’s physiotherapist over a period of 6 
weeks in order to allow triceps healing. Regular 
outpatient review takes place at 6 weeks, 6 
months and then annually with radiographs at 1, 
3, 5 and 10 years unless more frequent review 
and radiographs are clinically indicated.

  Fig. 8.10    The humeral 
fl ange bone graft is 
inserted fl ush with the 
fl ange and the anterior 
humerus prior to fi nal 
component insertion 
(Reproduced from 
Zimmer® with 
permission)       

  Fig. 8.11    Postoperative 
AP and lateral 
radiographs following 
TER. The plaster 
backslab, which is 
visible, will be removed 
at 48 h       
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        Total Elbow Replacement for Acute 
Fracture 

    Radiographic Workup 

 AP and lateral radiographs are the minimum 
requirement when assessing whether an elderly 
patient with a distal humeral fracture should 
undergo internal fi xation or a TER. Often the 
radiographs obtained following the fracture are 
of poor quality and will either need to be repeated 
or the patient undergo a CT scan in order to iden-
tify the fracture confi guration.  

    Anaesthetic/Patient Positioning 

 This is the same as a TER for infl ammatory 
arthritis.  

    Surgical Approach 

 The landmarks are the same as when a TER is 
undertaken for infl ammatory arthritis recognising 
that the anatomy may be distorted secondary to 
the fracture and swelling following trauma. The 
ulnar nerve is identifi ed and decompressed as pre-
viously described. 

 In most cases an experienced surgeon will 
determine their plan based solely on the preop-
erative imaging and thus proceed with their pre-
ferred surgical approach. If there is still any doubt 
whether internal fi xation or a TER is appropriate 
we advise creating two windows either side of 
triceps to inspect the joint damage. If the fracture 
is subsequently felt to be reconstructable this 
approach can then be converted to an olecranon 
osteotomy. If a TER is indicated, a “triceps on” 
approach to the joint can be performed (Fig.  8.12 ). 
This involves leaving the triceps attached to the 
olecranon and removing the fracture fragments 
via the windows initially used to inspect the joint 
damage. With this technique it is possible to ade-
quately prepare the humeral and ulna canals for 
insertion of the prosthesis. The advantage of this 
approach is that the patient can be allowed to 
fully mobilise the elbow without restriction 

 post- operatively as there is no risk of triceps 
avulsion. The disadvantage being that correct 
implant  positioning is slightly more challenging 
secondary to the more limited view of the 
anatomy.

   If either radiographs or a CT scan shows a 
fracture line extending more proximally into the 
diaphysis of the humerus the fracture should be 
wired and then bypassed using a longer stem 
humeral implant. This should pass the fracture 
site by no less than two cortical diameters. 

 We have not found it necessary to fi x the col-
umns if they are fractured and have not noticed a 
difference in outcome in patients with intact and 
fractured columns (Fig.  8.13 ). In patients with 
signifi cant anterior comminution and bone loss 
of the humeral metaphysis it is appropriate to 
consider using a humeral implant with a long 
anterior fl ange in order to accurately position the 
implant axis with that of the native elbow.

        Total Elbow Replacement for Post- 
traumatic Arthritis and Nonunions 

 The surgical approach for TEA in cases of post- 
traumatic arthritis and distal humeral nonunions 
is essentially the same as when surgery is per-
formed for infl ammatory arthritis. In these situa-
tions however it is generally necessary to 
perform more extensive soft tissue releases 
including release of the anterior capsule, as the 
elbow pre- operatively is often limited in both 
fl exion and extension. In addition if there is 

  Fig. 8.12    The “triceps on”, Alonso-Llames approach, 
allows preservation of the extensor mechanism (Copyright 
Samuel Antuña)       
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marked  restriction of movement it is often neces-
sary to perform an anterior transposition of the 
ulnar nerve.  

    Results 

 The results of elbow arthroplasty according to the 
underlying pathology are depicted in Table  8.1 .

       Author’s Perspective 

 Our experience together with evidence from the 
peer-reviewed literature clearly shows that 
the most successful outcomes of TER are achieved 
when surgery is performed for patients with 
infl ammatory arthritis [ 3 ,  4 ]. In addition, the  lit-
erature would suggest that satisfactory  outcomes 
can be obtained with a variety of arthroplasties [ 8 ]. 

  Fig. 8.13    An 83 year old lady with a comminuted distal huemrus fractures and osteoporosis, treated with a total elbow 
replacement (Copyright Samuel Antuña)       
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 It is essential that careful attention is given to 
the surgical technique and in particular position-
ing the joint as close to the anatomical axis as 
possible. We have outlined the technique we use 
to achieve this, which includes adequate soft tis-
sue releases and the avoidance of humeral or 
ulnar pistoning when the trial reduction is 
performed. 

 In order to avoid early aseptic loosening it is 
also important that a careful assessment is made 
both at the time of the trial reduction and again 
following cementation of the defi nitive implants 
for evidence of impingement. If this is identi-
fi ed appropriate bony resections should be 
performed. 

 We have identifi ed less satisfactory results in 
non-infl ammatory arthritis patients undergoing 
TER for trauma. In our series of  non-rheuma-
toid  patients undergoing TER for trauma, fol-
lowed for a minimum of 10 years, a 10.5 % 

revision rate was seen. We also identifi ed gender 
differences with loosening occurring in a statis-
tically higher proportion of men as compared to 
women. 

 The poorest outcomes are seen in younger, 
active and motivated individuals who undergo 
TER for trauma. These patients frequently expe-
rience early aseptic loosening or implant failure 
as they strive to regain their premorbid range of 
movement and strength. Revision TER surgery is 
diffi cult and challenging and for that reason 
before undertaking a primary TER it is essential 
to consider whether a revision TER is likely to be 
required in the future. By paying careful attention 
to the indications and technical details of TER 
surgery, patients requiring this procedure can be 
expected to achieve a functional range of elbow 
movement with a satisfactory long-term 
outcome.     
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   Table 8.1    Results of elbow arthroplasty according to the 
primary diagnosis   

 Author and 
year  Numbers  Results 

  Arthritis  

 Qureshi 
et al. (2010) 
[ 3 ] 

 22 Kudo 
TERs 

 Minimum 10 year FU 
 Mean MEP score 82 
 Kaplan-Meier survival 
at 12 years 74 % 

 Gill et al. 
(1998) [ 4 ] 

 78 
Coonrad- 
Morrey 
 TERs 

 92.4 % implant survival 
 97 % no or minimal 
pain 

  Fracture  

 Cobb et al. 
(1997) [ 1 ] 

 20 
Coonrad- 
Morrey 
 TERs 

 MEP scores 
 15 excellent, 5 good 

 Ali et al. 
(2010) [ 5 ] 

 26 
Coonrad- 
Morrey 
 TERs 

 Mean 5 year f/u 
 Mean MEP score 92 

  Nonunion  

 Cil et al. 
(2008) [ 6 ] 

 92 ‘linked’ 
TERs 

 82 % 5 years, 65 % 15 
years f/u 
 74 % mild or no pain at 
last f/u 

 Espiga et al. 
(2011) [ 7 ] 

 6 ‘linked’ 
TERs 

 100 % satisfi ed with 
TER at 40 months f/u. 
One had moderate pain 
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      Reconstruction Techniques 
for Acute and Chronic Distal 
Biceps Tears                     

     Pierre     Mansat      ,     Nicolas     Bonnevialle     , 
and     Stéphanie     Delclaux    

    Abstract  

  Distal biceps tears are more prevalent among male manual workers. When 
they present acutely they should be probably treated by surgical reattachment 
to the radial tuberosity. Neglected distal biceps avulsions may cause weakness 
in supination and muscle cramps. Surgical techniques vary both in fi xation 
method and approach. Outcomes of the different techniques for surgical 
reconstruction of the distal biceps are predictably good, and they mainly differ 
in the type and rate of complications. Chronic distal biceps tears rarely require 
surgery and when they do, a tendon graft is usually required. Complications 
in the chronic setting are more common as a more extensive approach is 
required but patients may greatly benefi t from this reconstructive procedure.  

  Keywords  

  Biceps   •   Endobutton   •   Tendon   •   Allograft   •   Radial tuberosity   •   Distal 
biceps tears  

      Indications 

 Injury of the distal biceps tendon results usually 
from an eccentric muscle contraction. The biceps 
muscle contracts and retracts proximally giving a 
noticeable deformity in the anterior brachium. 
The patient reports loss of fl exion and supination 
strength. The distal biceps tendon is not palpable 

in the antecubital fossa. The examiner attempts to 
“hook” the distal biceps tendon. Ultrasonography 
or MRI is usually not necessary to make the diag-
nosis, however it can be useful to aid in the diag-
nosis of partial tendon ruptures. 

 Non-operative treatment of full thickness rup-
tures of the distal biceps tendon may be consid-
ered for low demand patients on the non-dominant 
arm since it is associated with permanent loss of 
fl exion (25 %) and supination (40 %) strength [ 6 ]. 

 Multiple operative techniques have been 
described for acute distal biceps rupture which 
goal is to repair anatomically the distal biceps on 
the radial tuberosity [ 2 ,  10 ,  12 ,  16 ]. Another 
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 surgical option is distal biceps tenodesis to the 
brachialis (Fig.  9.1 ).

   The defi nition of chronic lesion is not well 
defi ned. Some authors have stated that greater than 
8 weeks is chronic and that a graft is needed in 
these situations [ 8 ]. However, the rate of complica-
tion after primary repair increased 3 weeks after 
injury [ 9 ]. The individual needs of the patient and 
the goals of any late surgical procedure must be 
carefully balanced. If the patient’s occupation and 
residual strength do not require improvement of 
supination strength, simple reinsertion into the bra-
chialis muscle is performed. Although it is rarely 
indicated, this surgical procedure improves fl exion 
strength with a low rate of complications. If the 
patient needs normal strength in fl exion and supi-
nation a tendon augmentation must be discussed.  

    Acute Distal Biceps Repair 

    Single-Incision Technique 

    Patient Positioning and Tourniquet 
 With the patient in the supine position, a tourni-
quet is applied to the arm and the extremity is 
prepared, draped, and placed on an elbow table.  

    Anesthesia 
 A loco-regional anesthesia is usually performed, 
but a general anesthesia can be done.  

    Incision and Approach to Bicipital 
Tuberosity 
 The single-incision approach involves either a 
transverse or a “S” type of incision [ 5 ] (Fig.  9.2 ).

  Fig. 9.1    Biceps tenodesis to the brachialis tendon       
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   During this exposure, the lateral antebrachial 
cutaneous nerve as it enters the antecubital area 
between the biceps and the brachialis laterally is 
at risk. There are multiple veins in this area that 
must be ligated as needed, and the radial nerve is 
within a couple centimeters. The signifi cant neu-
rovascular structures on the medial aspect of the 
elbow, the median nerve, and the brachial artery 

can be palpated and are located more medial than 
the biceps itself (Fig.  9.3 ).

   The stump of the retracted biceps tendon is 
retrieved proximally. If the Lacertus Fibrosus is 
torn the tendon may have retracted well into the 
arm but in most cases it is retrievable through the 
single incision by hooking a fi nger proximally in 
the space left by the tendon (Fig.  9.4 ).

   Dissection proceeds through the anterior 
cubital fossa to identify the bicipital tuberosity 
on the radius, which can be palpated by pronat-
ing and supinating the forearm. It is cleared of 
tendon debris and fi brous tissue and prepared 
for reinsertion of the biceps tendon.  

    Fixation of the Biceps Tendon 
 Multiple techniques have been proposed for 
securing the tendon to bone; essentially all have 
been shown to provide suffi cient in vivo strength 
of repair. Through an anterior incision, suture 
anchors, biceps tenodesis or Endobutton devices 
typically are used [ 11 ]. 

 If the tendon is being secured with  suture 
anchors , they should be inserted into the radial 
tuberosity (Fig.  9.5 ). The proximal portion of the 
biceps tendon is then drawn onto the tuberosity 
and fi rmly secured using the sutures on the 
anchors to hold the tendon. One technique places 
a hole the diameter of the tendon stump in the 
bicipital tuberosity, and the anchors are placed 
proximal and distal on either side of the biceps 
tuberosity. The tendon suture is placed approxi-
mately 1 cm distal to the end of the tendon stump 
and the suture tensioned on the anchors, thus 
allowing apposition of the tendon stump into the 
radius. Another option is to leave the biceps 

  Fig. 9.2    Single-incision 
technique – Anterior 
incision       

  Fig. 9.3    Anatomy of the anterior approach.  BA  brachial 
artery,  MN  median nerve,  SRN  superfi cial radial nerve, 
 PIN  posterior interosseous nerve,  LACN  lateral antecuta-
neous nerve (Copyright Dr. Jose Ballesteros)       
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 tendon directly on the tuberosity without making 
a hole, in an upright position or slept.

   If a  biotenodesis screw  is being used for 
reconstruction, the radial tuberosity is drilled 
through this incision to fi t the width of the tendon 
plus the screw. The tendon is inserted into the 
drill hole and held in place using the biotenodesis 
interference screw. 

 In both techniques copious lavage is used to 
remove bone debris and care is taken not to vio-
late the periosteum of the ulna in order to mini-
mize the risk of heterotopic ossifi cation [ 1 ,  3 ]. 

 For the  EndoButton technique , a single longi-
tudinal anterior incision is made distal to the ante-

cubital fossa. After the torn distal biceps tendon 
has been retrieved, a durable and non- absorbable 
suture is anchored to the distal biceps tendon 
using a Bunnell stitch. The suture is then fi rmly 
attached to the EndoButton through the two mid-
dle holes, leaving the two outer holes free. It is 
important to leave a length of suture measuring 
2 mm between the end of the tendon and the 
EndoButton to allow the button to fl ip (Fig.  9.6 ).

   With the forearm fully extended and maxi-
mally supinated, an elongated elliptical cortical 
window (approximately 6 × 12 mm) is made in 
the most medial portion of the tuberosity to 
restore the normal anatomic insertion of the dis-
tal biceps. Through this window a 4.5 mm drill 
hole, large enough to admit the EndoButton, is 
placed in the opposite cortex. Two separate 
sutures are passed through each of the two outer 
holes in the EndoButton to control the tilt of the 
EndoButton with a leading and trailing suture. A 
straight needle is used to pass the leading and 
trailing sutures through the now bicortical hole in 
the radial tuberosity. The needle is passed directly 
posteriorly to avoid the risk of damage to the pos-
terior interosseous nerve. This manoeuvre allows 
the tendon end to be dragged into the radial 
tuberosity. A cadaveric cross-sectional study has 
shown a safe zone between 0° and 30°. If the 
needle is angled at up to 45°, damage to the pos-
terior interosseous nerve may occur. The leading 
suture is tractioned to deliver the endobutton 
through the radius and then the trailing suture is 
tensioned to fl ip the endobutton and lock it on the 
dorsal surface of the radius. Intraoperative confi r-
mation of a locked button should be done in all 
cases with fl uoroscopy, because it can appear 
locked when it is only partially passed through 
the volar cortical window (Fig.  9.7 ).

        Two-Incision Repair [ 13 ] 

    Patient Positioning and Tourniquet 
 The surgery is performed with the patient in the 
supine position, with an arm board. A sterile 
tourniquet is applied. The initial approach uses a 
3–4 cm transverse incision over the antecubital 
fossa just distal to the cubital crease.  

  Fig. 9.4    Localization of the stump of the biceps through 
a limited approach       

  Fig. 9.5    Anchors fi xation into the radial tuberosity 
(Copyright Juan Junceda)       
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  Fig. 9.6    Endobutton technique. After the sutures are passed along the tendon, they free limbs are passed through the 
central holes of the endobutton (Copyright Dr. Jose Ballesteros)       

  Fig. 9.7    An oval hole is made on the radial tuberosity and 
the drill is passed through the opposite cortex to allow 
passage of the endobutton. It is fi nally fl ipped by longitu-

dinally pulling from the sutures going through the periph-
eral holes (Copyright Dr. Jose Ballesteros)       
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    Incision and Approach to Bicipital 
Tuberosity 
 Dissection proceeds, taking care to identify and 
preserve the lateral antebrachial cutaneous nerve, 
which lies lateral to the biceps tendon (Fig.  9.8 ).

   The biceps tendon often retracts proximally, 
and blunt exploration with the surgeon’s fi nger 
can retrieve the stump into the surgical wound. 
The end of the tendon is typically bulbous and 
thickened. This is débrided, and the end is fresh-
ened up to healthy tissue and trimmed so that it fi ts 
into the tuberosity. A Krackow stitch is used with No. 
5 nonabsorbable braided suture with the tails exiting 
through the center of the tendon  distally (Fig.  9.9 ).

   After the tendon is prepared, attention is 
turned to the insertion site. By pronating and 

supinating the forearm, the biceps tuberosity can 
be palpated laterally. A blunt artery forceps is 
passed abutting the medial border of the radius 
through to the dorsolateral aspect of the forearm 
until it visibly tents the skin (Fig.  9.10 ). It is very 
important that the forceps only contacts the 
radius during this procedure since if contact is 
made with the ulna there is a risk that a synosto-
sis will develop between the radius and ulna.

       Second Lateral Approach 
 An incision is made over this region, with dis-
section proceeding down to the tuberosity, 
splitting the common extensors and supinator 
(Fig.  9.11 ). The forearm is placed in a position 
of full pronation, and the tuberosity is pre-

  Fig. 9.8    When the anterior approach is performed, the sur-
geon must preserve the lateral antebrachial cutaneous nerve 
on the lateral part of the incision and all veins grossing if 
possible.  N  nerve,  V  vein (Copyright Dr. Jose Ballesteros)       

  Fig. 9.9    Two non-absorbable locking sutures are placed 
along each side of the tendon with four free suture limbs 
coming out the tendon stump       

  Fig. 9.10    A forceps with the sutures is passed from the 
anterior incision, medial to the radial tuberosity towards 
the posterolateral aspect of the proximal forearm. Care is 
taken for the forceps to contact only the radius and not the 
ulna       

  Fig. 9.11    The bicipital tuberosity is exposed through the 
common extensors and supinator muscles       
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pared. The retaining soft tissue and tendon 
debris over the tuberosity is excised, and a 
high-speed burr is used to create a cavity of 
1.5 cm wide and 1 cm deep. The forearm is 
supinated slightly, bringing the radial edge of 
the trough into view, and 3 holes of 2.7 mm are 
then placed 7–8 mm apart and at least 5 mm 
from the edge of the excavation. Care should 
be taken to allow for a suffi cient bony bridge 
between holes (Fig.  9.12 ).

        Fixation of the Biceps Tendon 
 The suture tails of the prepared biceps stump are 
passed distally into the posterolateral wound. 
Care should be taken to exit through the muscle- 
splitting approach, rather than exposing the 
ulna. The biceps tendon is then retrieved later-
ally (Fig.  9.13 ).

   The sutures are passed through the bony tun-
nels such that the biceps tendon is delivered 
into the tuberosity trough; this is facilitated by 
supinating the forearm slightly. One suture is 

passed into the lateral hole, one in the medial 
hole, and two in the central holes (Fig.  9.14a ). 
The sutures are drawn taut, and the forearm is 
gently supinated and pronated to seat the ten-
don into the tuberosity trough. Finally, the 
sutures are tied over the bony bridge with the 

  Fig. 9.12    An excavation is made in the tuberosity with a high-speed burr. Three small holes are made on the superior 
part of the excavation (Copyright Juan Junceda)       

  Fig. 9.13    The suture tails of the prepared biceps stump 
are passed distally into the posterolateral wound with a 
forceps. The biceps tendon is retrieved laterally       

 

 

9 Reconstruction Techniques for Acute and Chronic Distal Biceps Tears



134

forearm in  pronation. The elbow is gently 
ranged in pronation- supination and fl exion-
extension (Fig.  9.14b ).

   The wounds are closed in layers, with a run-
ning subcuticular stitch for the skin.  

    Postoperative Treatment Protocol 
 Patients have been immobilized in a cast or splint 
for 2 weeks before initiation of motion. Motion is 
then started avoiding the 30 last degrees of exten-
sion during 4 weeks in a hinge splint. Passive 
supination and pronation with the elbow at 90 
degrees of fl exion are initiated. Patients are 
allowed to use their arm for activities of daily liv-

ing with no lifting. Typically with this motion 
protocol, at 8 weeks patients typically have a full 
range of motion in fl exion-extension with full 
pronation and supination of their elbow.   

    Outcomes of Acute Repair 
of the Distal Biceps Tendon Tear 

 Multiple studies have been performed assessing 
the biomechanical properties of these various 
repair techniques. Mazzocca and colleagues [ 11 ] 
in 2007 assessed and compared the pullout strength 
of distal biceps tendon repairs using bone tunnels, 

  Fig. 9.14    The sutures are passed into the three holes. ( a ) After the biceps tendon has been set into the tuberosity trough 
the sutures are tied ( b ) (Copyright Juan Junceda)       
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suture anchors, biotenodesis screws and 
EndoButtons. They found a range of 232 N for 
suture anchors up to 440 N for EndoButtons. 
Chavan and colleagues [ 4 ], in 2008, performed a 
systematic review of the literature assessing the 
biomechanical pullout strength and complication 
rates of different types of distal biceps tendon 
repairs. Their fi ndings indicated that the 
EndoButton had superior pullout strength and that 
the two-incision repair led to an increased loss of 
forearm rotation compared with the single anterior 
incision technique. Interference screw repairs tend 
to fail by tendon pullout or fracture of the bicipital 
tuberosity, whereas other repairs tend to fail by 
shredding of the tendon by the repair suture. 

 In their metaanalysis, Chavan et al. [ 4 ] evalu-
ated clinical outcomes related to the type of sur-
gical repair. There were 87 elbows taken from 9 
studies reporting treatment with a 2-incision 
approach and 143 elbows taken from 11 studies 
reporting treatment with a single anterior 
approach that met our inclusion criteria. There 
were 60 (69 %) satisfactory outcomes and 27 
(31 %) unsatisfactory outcomes with the 
2- incision approach and 135 (94 %) satisfactory 
and 8 (6 %) unsatisfactory outcomes with the 
single-incision approach. There was a signifi -
cantly higher number of unsatisfactory results in 
the 2- incision group (P < .01), and the odds ratio 
of an unsatisfactory outcome after the 2-incision 
approach was 7.6 (95 % confi dence interval, 3.2–
17.7), with the major reasons for an unsatisfac-
tory outcome in the 2-incision group being loss 

of forearm rotation (11 elbows, 12 %) and/or loss 
of rotational strength (18 elbows, 19 %).   

    Chronic Biceps Tendon Rupture 

 In chronic tears, a graft is usually necessary to 
restore muscle tendon length (Fig.  9.15 ). 
Autologous grafts described include hamstring 
tendon [ 7 ,  14 ,  18 ] (semitendinosus), fascia lata, 
palmaris longus, fl exor carpi radialis, and Achilles 
tendon allograft [ 15 ].

   The autologous Achilles tendon graft has been 
used at Mayo Clinic [ 17 ]. The fl eck of calcaneus 
bone may be trimmed and embedded into the 
excavated radial tuberosity. Then, with the elbow 
fl exed to 45–60°, the Achilles fascia is draped 
over the biceps muscle and the bone tendon stump 
is sewn into the muscle. 

    Patient Positioning and Tourniquet 

 With the patient in the supine position, the 
extremity is prepared and draped, a tourniquet is 
applied proximal to the elbow, and the extremity 
is positioned on an elbow table.  

    Anesthesia 

 A loco-regional anesthesia is usually performed, 
but a general anesthesia can be done.  

  Fig. 9.15    Patient with a chronic distal biceps tear. The tendon is shortened and it is not possible to fi x it directly into 
the bicipital tuberosity       
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    Incision 

 The elbow is fi rst approached at the antecubital fossa 
through a Henry incision with a transverse compo-
nent in the antecubital fossa and a vertical limb 
extending laterally and proximally. Care is taken to 
preserve the lateral antebrachial cutaneous nerve. 
Proximal dissection progresses to a variable extent 
until the remnant of the distal biceps tendon is found.  

    Incision and Approach to Bicipital 
Tuberosity 

 The bicipital tuberosity of the radius is exposed 
with use of blunt and sharp dissection. It is pal-
pated, and a blunt, curved hemostat is carefully 
inserted into the space previously occupied by the 
biceps tendon. In cases of chronic disruption, the 
tunnel for the biceps tendon may be partially oblit-
erated and diffi cult to reestablish and more exten-
sive dissection may be required (Fig.  9.16 ). Once 

the canal is found, the instrument is advanced past 
the tuberosity, below the radius, and past the ulna 
so that its tip may be palpated on the dorsal aspect 
of the proximal part of the forearm.

       Second Lateral Approach 

 A second incision is made over the tip of the 
instrument. 

 The tuberosity is exposed with use of a 
muscle- splitting incision with the forearm in 
maximum pronation. The ulna is not exposed, 
to decrease the likelihood of heterotopic ossifi -
cation. A high-speed burr is used to create a 
defect, 1.5 cm wide and 1 cm deep, in the bicip-
ital tuberosity. Three holes are then placed 
7–8 mm apart and at least 4 or 5 mm from the 
edge of the defect.  

    Preparation and Fixation 
of the Graft 

 Attention is then turned to the Achilles tendon 
allograft. The calcaneal fragment is trimmed 
with a saw and rongeur until it fi ts inside the 
defect created on the bicipital tuberosity if a 
tendon- bone construct is to be used (Fig.  9.17 ). 
Alternatively, the bone fragment can be excised 
and the distal part of the tendon allograft can 
be directly attached to bone. Two number-5 
nonabsorbable suture strands are placed in a 
Bunnell fashion or in a running locked fashion, 
at the distal portion of the tendon allograft and 

  Fig. 9.16    Extensive dissection of the bicipital tendon 
groove is commonly necessary to gain adequate access to 
the bicipital tuberosity. The radial arteries should be 
retracted or ligated to avoid unexpected bleeding 
(Copyright Samuel Antuña)       

  Fig. 9.17    The calcaneal fragment of the graft is push 
inside the defect on the bicipital tuberosity (Copyright 
Juan Junceda)       
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through the bone fragment. These sutures are 
used to direct the distal part of the allograft 
from the antecubital fossa to the dorsal forearm 
incision and are then placed through the three 
holes in the tuberosity (Fig.  9.18 ). The recon-
struction continues at the site of the initial 
Henry approach.

        Suture of the Graft Over the Biceps 
Muscle 

 The biceps muscle is mobilized, and distal trac-
tion is applied to the biceps remnant with use of a 
clamp. The elbow is placed in 40–60° of fl exion 
with the forearm in complete supination. Modest 
proximal traction is applied to the graft, and distal 
traction is applied to the tendon stump. The two 
structures are initially stabilized with a number- 5 
nonabsorbable suture. The proximal part of the 
Achilles tendon allograft is then draped over the 
host biceps muscle and tendon stump, and they 
are sutured together with use of a nonabsorbable 
strand placed in a running or running locked fash-
ion. The reconstruction is reinforced as necessary 
with additional interrupted sutures (Fig.  9.19 ).

   The rest of the allograft is used to span the 
defect between the muscle proximally and the 
tendon stump distally. With use of a Krackow- 
type stitch, one number-5 nonabsorbable suture 
is used to secure the distal part of the graft around 
the distal normal portion of the native biceps ten-

don. The reconstruction is reinforced with num-
ber- 1 sutures after distal traction is applied to the 
distal aspect of the natural biceps muscle.  

    Closure 

 Once the reconstruction is complete, a suction 
drain is inserted and the wounds are then closed 
in layers. A compressive dressing is applied, and 
the upper extremity is placed in a splint or a 
locked brace. The elbow is placed in 90 degree 
of fl exion with the forearm rotated between the 
neutral position and full supination.  

    Alternatives to the Use of Achilles 
Tendon Graft 

    Semi-tendinosus Allograft 
 The goal is to weave the harvested semitendi-
nosus graft 3 to 4 time into the remaining 
biceps tendon stump and musculotendinous 
junction and to exit its distal end as straight as 
possible. Proximally, the portion of the graft 
that fans into an aponeurosis can be wrapped 
and sutured around a short biceps graft stump 
to make the musculotendinous graft junction 
transition smooth. The weaved graft is then 
sutured and secured proximally. The sewn-in 
graft is passed through the tunnel sheath by 
tying its traction sutures to the Mersilene shut-
tle suture and pulling them through the tunnel 
sheath to the radial tuberosity or by using the 
curved Kelly again. The graft is tensioned in 
near full extension, and the length of graft 
needed to achieve this is marked. The excess 
tendon graft is cut at this level, and two #5 
Mersilene sutures on straight Keith needles are 
passed through the distal tendon graft in a 
modifi ed crisscrossed (Bunnell) fashion. The 
graft is then sutured distally on the prepared 
radial tuberosity as the two-incision technique 
(Fig.  9.20 ).

       Lacertus Fibrosis Allograft 
 The intact lacertus fi brosis is dissected out dis-
tally on the medial side and mobilized in conti-
nuity with the biceps muscle and remaining 

  Fig. 9.18    If the distal Aquiles tendon allograft is used 
without bone, it is passed and attached to the bicipital 
tuberosity with the same protocol of the primary double 
incision technique (Copyright Samuel Antuña)       
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biceps tendon stump, thus reconstructing a 
stout biceps tendon. The two structures are 
tubularized together with two no. 2 fi berwires 
placed in the end of the tendon/lacertus bundle 
using a Krakow suture technique. The suture 
ends are then  delivered into the trough devel-
oped in the radial tuberosity and through the 
transosseus holes using the prepositioned wire 
suture passers.   

    Postoperative Care 

 The arm is protected in a splint for 2 weeks. At 
that point, the elbow is placed in a fl exion- 
assisted orthosis and gentle passive or gravity- 
assisted motion is allowed, with extension limited 
to the amount causing modest tension on the graft 
as documented at the time of surgery. Splinting is 
discontinued at 6 weeks, and the patient is 
advised to avoid lifting more than 2 or 3 kg with 
the affected extremity until 3 months after sur-

  Fig. 9.19    The proximal 
part of the Achilles tendon 
allograft is sutured to 
the biceps muscle with the 
elbow in between 70° and 
50° of extension (Copyright 
Samuel Antuña)       

  Fig. 9.20    The semitendinosus tendon graft is weaved 
around the proximal biceps and is then sutured distally on 
the prepared radial tuberosity as in the two-incision tech-
nique (Copyright Juan Junceda)       
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gery. From 3 to 6 months postoperatively, pro-
gressively more weight is allowed. Unlimited 
activities are permitted after 6 months.  

    Outcome of Late Repair 

 Results of chronic repair with tendon graft are 
less predictable than acute repair with a higher 
complication rate. Kelly et al. [ 9 ] have shown 
17 % increase of complications rate when repair 
has been performed more than 3 weeks after the 
initial injury. The more important is the delay 
from injury, the more fi brous tissue is observed in 
the bicipital tunnel, which will need greater dis-
section to identify and reattach the tendon. 
Furthermore the biceps tendon is more proximally 
retracted, with adherences and degenerative 
lesions. However, if the Lacertus Fibrosis remains 
intact, the tendon retraction is less important. 

 Sanchez-Sotelo et al. [ 17 ] reported their expe-
rience using the Achilles tendon allograft to 
repair chronic distal biceps ruptures in four 
patients. At 2.8 years average follow-up, all 
patients had a satisfactory results with normal 
range of motion, and an excellent MEPS. Strength 
in fl exion and in supination were normal for two 
patients identical to the opposite side, and slightly 
decrease for the other two. No complication was 
observed in this short series. 

 Hallam and Bain [ 7 ] reported the results of 
anatomic repair for chronic distal biceps tendon 
ruptures by use of a semitendinosus autograft 
with the endobutton. All nine patients were satis-
fi ed with their outcome and were able to return to 
their jobs. The mean pain score was 0.5, and the 
postoperative fl exion arc was from 3° to 147°, 
with supination to 75° and pronation to 62°. The 
mean Mayo Clinic Elbow score was 96.3 (range, 
85–100). 

 Wiley et al [ 18 ] reported results with delayed 
semitendinosus reconstruction compared with 
nonoperative management. Superior results were 
documented in the delayed reconstruction group. 
The autograft reconstruction group was employed 
with a two-incision technique, and fl exion and 
supination strength were restored to the normal 
range. The nonoperative group lacked 20 % of 

normal strength. Endurance in both groups was 
within the normal range. No radial nerve injuries 
or heterotopic ossifi cation occurred, and all 
reconstructions remain intact.   

    Complications 

 Only one report in the English literature from the 
Mayo Clinic specifi cally deals with the compli-
cations of surgical treatment for distal biceps ten-
don rupture [ 9 ]. This experience reported 74 
tendon repairs using the Mayo modifi ed Boyd- 
Anderson approach stratifi ed by acute (<10 days), 
subacute (10–21 days) and chronic (>21 days) 
repairs. The association between the incidence of 
complications and the delay to surgery was 
highly signifi cant. Repairs performed less than 
10 days from injury incurred complications in 
24 % of patients, 10–21 days in 38 % of patients 
and greater than 21 days in 41 % of patients. 
Eighty-six percent of patients who had a repair at 
less than 10 days and only 53 % in the 10–21-day 
group had a patent tunnel at surgery. 

 Chavan et al. [ 4 ] reviewed 71 clinical articles, 
11 two-incision articles and 13 single-incision 
articles for calculation of complications. The 11 
articles reporting results of 2-incision repairs had 
a total of 23 complications in 142 elbows, for a 
total complication rate of 16 %, whereas the 13 
articles reporting results of single-incision repairs 
had a total of 29 complications in 165 elbows, for 
a total complication rate of 18 % (P = .88). The 
most common complication in the 2-incision 
group was loss of forearm rotation in 9 %, 
whereas nerve injury was the most common com-
plication of the single-incision group in 13 %. 
There were signifi cantly more cases of loss of 
forearm rotation greater than 30° in the 2- incision 
group than in the single-incision group (13/142 
[9 %] vs 2/157 [1 %]; P = .01). Heterotopic ossifi -
cation as a cause of limited range of motion was 
noted in 6 % of the 2-incision repairs and 3 % of 
the single-incision repairs, but this difference was 
not signifi cant (P = .45). 

 Most complications were mild including sen-
sory paresthesias [ 5 ], temporary posterior inter-
osseous nerve palsy [ 1 ], and persistent pain [ 6 ]. 
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Heterotopic ossifi cation was observed in four but 
there were no synostosis. Transient sensory par-
esthesias especially of the lateral antebrachial 
cutaneous nerve, are relatively common. This 
nerve is at risk proximally as it passes from 
behind the lateral border of the biceps tendon. 
Distally, it passes deep to the median cephalic 
vein, where it may be inadvertently divided or 
ligated with the vein. In very tight repairs, there 
may be entrapment of the lateral antebrachial 
nerve as it passes from behind the tendon. If 
symptoms occur, then a slower restoration of 
extension may be indicated. Similarly, the median 
nerve may be trapped if the tendon is advanced 
excessively while leaving the lacertus fi brosus 
intact. If this is the case, then consideration to 
release the lacertus may be indicated. 

 Transient radial or posterior interosseous 
nerve palsy with reattachment to the tuberosity 
has been, and continues to be, noted occasionally. 
The lesions have still been seen with both single 
and double incision exposures. The mechanism 
of injury is thought to be due to retraction, pos-
sibly with the use of bone levers over the lateral 
border of the radial neck where the nerve lies on 
the bone and where it can be compressed or 
stretched by retractors. Long retractors may min-
imize this risk. Nonanatomic routing of the ten-
don in relation to the median, radial, and lateral 
antebrachial cutaneous nerve can result in persis-
tent postoperative palsies. Most palsies are 
temporary. 

 Reattachment of the tendon through an ante-
rior approach with a pullout suture has received 
support but potentially has skin and wound 
problems. In two recent series of 24 cases in all, 
this approach produced excellent restoration of 
function but also one musculo-cutaneous nerve 
injury and two temporary radial nerve palsies, 
complications that are clearly associated with 
an anterior surgical approach for this condition 
[ 8 ,  16 ]. 

 The possibility of ectopic bone formation is 
well known. The formation of ectopic bone has 
been reported with both single- and double- 
incision exposures, and may be associated with 
pain but generally does not cause a signifi cant 
restriction of rotation, as noted earlier [ 1 ,  3 ]. 

Bridging synostosis is most commonly associ-
ated with the Boyd-Anderson two-incision tech-
nique. The development of proximal radioulnar 
synostosis is thought to be associated with expos-
ing the periosteum of the lateral ulna, and in our 
opinion, it can be avoided, or at least minimized, 
with a muscle-splitting incision. The role of non-
steroidal anti-infl ammatory drugs to prevent 
ectopic ossifi cation has not been established one 
way or the other.  

    Author’s Perspective 

 When the diagnosis of disruption of the distal 
biceps tendon is made within the fi rst 7–10 days, 
reattachment to the radial tuberosity is our choice. 
The surgeon’s experience may affect the success 
and the incidence of complications when using 
any of these techniques. If one is comfortable 
with the anterior exposure, then endobutton fi xa-
tion is preferred. In our department, we prefer to 
use the two-incision technique as described by 
Morrey. If the rupture is more than 3 weeks, the 
individual needs of the patient are estimated. If 
the patient’s occupation and residual strength do 
not require improvement of supination strength, 
simple reinsertion into the brachialis muscle is 
performed. However, if restoration of normal 
strength is essential for the patient tendon aug-
mentation is discussed.     
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      Performing Elbow Arthroscopy: 
How to Make It Safe                     

     Raúl     Barco       and     Samuel     A.     Antuña     

    Abstract  

  Elbow arthroscopy is still an uncommon procedure among general ortho-
pedic surgeons. Even though the indications for this procedure have 
increased over time, the volume of arthroscopies per surgeon is still not 
high and, thus, it is diffi cult to start or evolve the profi ciency of the proce-
dure. The complex anatomy of the elbow and the close vicinity of neuro-
vascular structures limit the location of the arthroscopic portals and may 
increase the risk of neurologic complications. The goal of the chapter is to 
review basic guidelines to perform elbow arthroscopy with an emphasis on 
the safety of the procedure.  

  Keywords  

  Elbow arthroscopy   •   Set-up   •   Portals   •   Complications   •   Neurovascular   • 
  Arthroscopic technique  

      Introduction 

 Elbow arthroscopy has proved to be a valuable 
diagnostic and therapeutic procedure. Compared 
with open procedures, arthroscopy has the advan-

tage of minimizing soft tissue injury while 
decreasing postoperative pain, scarring and, 
probably, reducing the rate of surgical infection. 

 Although the indications of elbow arthroscopy 
have increased over time, it is still an uncommon 
procedure not performed by many surgeons. In 
2006 it accounted for approximately 3.3 % of all 
elbow procedures in the USA [ 1 ]. Since then the 
number of arthroscopic procedures have slowly 
increased every year [ 2 ]. The volume of arthros-
copies per surgeon is not high and, thus, it is dif-
fi cult to start or evolve the profi ciency of the 
procedure. As in any elbow surgery, the close 
vicinity of neurovascular structures limits our 
portals and the access to the joint. These 
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 limitations may compromise the nature of the 
procedures we need to perform. There are yet not 
many dedicated elbow implants or instrumenta-
tions designed to facilitate the fl ow of arthroscopic 
procedures or overcome the limitations of our 
portals. The goal of this chapter is to review basic 
guidelines to perform elbow arthroscopy with an 
emphasis on the safety of the procedure.  

    Indications 

 Indications for elbow arthroscopy range from a 
simple diagnostic arthroscopy and loose bodies 
removal to the more demanding arthroscopic 
osteocapsular arthroplasty or ligamentous recon-
struction. In general, almost any joint derange-
ment is susceptible to be treated with arthroscopy 
either fully or as assistance to an open procedure. 

 According to Savoie, the indications of elbow 
arthroscopy are limited not only by the procedure 
itself but also by surgeon’s experience [ 2 ]. Dr.
Rapariz (unpublished data) compares elbow 
arthroscopy to golf: our experience as surgeons 
would be our handicap and the diffi culty of the 
procedure would be the hole’s par. In his perspec-
tive, the surgeon must be aware of the handicap 
one is playing with before undertaking a diffi cult 
procedure. 

 Before an elbow arthroscopy is performed in a 
patient, a wise surgeon should have practiced 
several times in the cadaver. The fi rst procedure 
to be performed by a novel elbow surgeon should 
be a diagnostic arthroscopy. If the surgeon has 
experience with other joints, as is usually the 
case, it is preferred to start with loose body 
removals, small spur debridement, excision of a 
plica or irrigation and debridement of an infected 
joint. 

 As our experience increases, tennis elbow, 
osteochondritis dissecans (OCD), olecranon bur-
sal, synovitis and osteoarthritis and some undis-
placed elbow fractures can be managed with the 
scope. Advanced elbow arthroscopy include 
extensor carpi radialis brevis repair, ulnohumeral 
ligament reconstruction, displaced intrarticular 
fractures, triceps tendon repair and ulnar nerve 
release. 

 Some experimental procedures would include 
allograft posterolateral instability reconstruction, 
fascial interposition arthroplasty, medial collat-
eral ligament repair, radial tunnel release or distal 
biceps repair. The evidence behind these treat-
ments is scarce mostly due to the lack of ade-
quately designed studies but use of the scope 
seems to be effective [ 3 ]. 

 Some case reports have shown the possi-
bility of using the arthroscope to treat elbow 
acute injuries including displaced radial head, 
coronoid and capitellum fractures, distal 
biceps rupture, medial avulsion of the triceps 
and treatment of radial ulnohumeral ligament 
complex [ 4 ,  5 ].  

    Technique 

    Imaging Studies 

 Appropriate imaging studies are dependent 
upon the pathology we are treating. In general, 
soft tissue problems would benefi t from an 
ultrasound (US) or an MRI study and patients 
with bony abnormalities should have radio-
graphs. In cases where the bony anatomy is 
distorted and we need to perform osteophytes 
removal, it is recommended to obtain a CT 
scan with 3D reconstruction. In our practice, 
all patients undergoing an arthroscopy have at 
least orthogonal radiographs of the elbow, even 
in cases of simple lateral elbow pain. Some 
authors have questioned the necessity of radio-
graphs in the work up of simple epicondylitis.  

    Anesthesia and Positioning 

 In general, we favor general anesthesia for this 
procedure as we can immediately check the neu-
rovascular status at the end of the procedure. If 
pain control is an issue, patients can receive a 
block postoperatively after the neurovascular sta-
tus has been checked. 

 In our practice all patients are positioned on 
the lateral decubitus position with the arm placed 
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on a dedicated arm holder (Fig.  10.1 ). It is 
extremely rare the need to perform the arthros-
copy with the patient supine, and this is generally 
due to an associated injury precluding a safe 
positioning in the lateral decubitus. It is advisable 
to use always the same position to become famil-
iar with the arthroscopic anatomy and to increase 
the precision and effi ciency of our surgical 
maneuvers.

   The setup in the operating room is organized 
to allow the surgeon stand in front of the elbow as 
if it was a knee arthroscopy, with the monitor in 
the back of the patient and the assistant and nurse 
on either side of the elbow. 

 A tourniquet is used for all procedures and 
tourniquet time should be kept to a minimum. 
The position of the arm in the arm holder must 
allow complete fl exion and extension of 
the elbow and angling our instruments toward 
the joint from proximal and anterior towards the 
joint without interference of the tourniquet, the 
holder or the patient’s chest (Fig.  10.2 ).

   Careful attention to padding of all bony prom-
inences is important. A gel pad or a saline bag 
under the axilla should be placed to protect the 
brachial plexus. The head and airway must be in 
line with the body and stabilized for the length of 
the procedure.  

  Fig. 10.1    Positioning of the patient in the lateral decubi-
tus. Operating room organization with the screen in front 
of the surgeon is most effi cient ( a ). The use of an arm 

holder can improve the effi ciency in the OR when posi-
tioning the patient ( b )       

  Fig. 10.2    A dedicated arm holder can facilitate patient 
positioning and good access to the elbow throughout the 
procedure. Adequate fl exion and extension of the elbow 
and angling of our instruments toward the joint from prox-
imal and anterior towards the joint without interference of 
the tourniquet, the holder or the patient’s chest must be 
observed       
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    Superfi cial Landmarks and Incisions 

 When we perform and elbow arthroscopy, we always 
draw the superfi ctial anatomy because it facilitates 
portal placement and it reminds us the location of the 
ulnar nerve. We usually mark the olecranon, the tri-
ceps, the ulnar nerve, the medial and lateral epicon-
dyles and the radial head (Fig.  10.3 ).

   The number and location of portals is based 
on the procedure we are performing but a mini-
mum of three portals is usually required for a 
simple arthroscopy and up to eight portals may 
be used in the more complex cases as for stiffness 
in osteoarthritic elbows. 

 The joint is routinely insuffl ated with a saline 
solution through the soft spot or directly into the 
olecranon fossa to increase the space between the 
bone and the capsule to facilitate the introduction 
of the arthroscopic sheath. 

 Portals are performed using a stab incision of 
only the skin and spreading the soft tissues to 

decrease injury to the superfi cial nerves using a 
small straight mosquito clamp.  

    Portal Placement 

 Portals can be divided in anterior and posterior. 
Anterior portals are used to treat pathology in the 
front of the elbow. We might use two anterome-
dial and two anterolateral portals. When estab-
lishing medial portals, the surgeon must consider 
the risk of injuring the ulnar, median and medial 
antebrachialis cutaneous nerves (MABCN) while 
with lateral portals, the radial nerve and the lat-
eral antebrachialis cutaneous nerve (LABCN) are 
at risk. As a rule, the more proximal the portals 
the safer they are [ 6 – 8 ]. The distance from the 
nerves to the bone is increased in fl exion and with 
distension of the joint. 

 We almost always start the technique penetrat-
ing the joint through the proximal anteromedial 
portal, but it is probably as safe to start with a 
proximal anterolateral portal (Fig.  10.4 ). The 
proximal anteromedial portal is located 2 cm 
above the medial epicondyle and just anterior to 
the medial intermuscular septum. This portal is at 

  Fig. 10.3    Anatomical landmarks can aid in the location 
of the nerves and can increase the safety of the procedure. 
Proximal portals are preferred whenever possible. 
Approximate portal placement is shown although many of 
the portals are made with the outside-in technique. Liquid 
extravasation throughout the procedure can alter the prior 
drawn relationships so some surgeons prefer not to mark 
them, but it is probably advisable to mark the location of 
the ulnar nerve       

  Fig. 10.4    The soft spot portal is used for injection of 
saline into the joint prior to the introduction of the arthro-
scope. Alternatively, the saline can be injected through the 
triceps into the olecranon fossa       
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a greater distance form the median nerve and the 
MABCN than the classic anteromedial portal. In 
cases where we need retraction form the medial 
side we perform an additional portal proximal to 
our starting portal. Proximal portals achieve very 
good vision of the radiocapitellar joint (Fig.  10.5 ).

    With the scope in the anteromedial portal and 
looking laterally inside towards the radial head 
and anterolateral capsule, we establish the antero-
lateral portal with an outside in technique using a 
needle for accurate location (Fig.  10.6 ). The 
exact location varies depending on the procedure 
we are performing but it is usually around 1–2 cm 
anterior and 1 cm distal to the lateral epicondyle. 
Again, additional portals can be performed more 
proximally [ 9 ]. It is very important to avoid plac-
ing portals distal to the radiocapitellar joint line 
in order to decrease the risk of radial nerve injury. 
When viewing from the anterolateral portal, the 
medial anterior capsule and the ulnohumeral 
joint can be examined (Fig.  10.7 ).

    The position of posterior portals varies accord-
ing to the pathology being treated but up to four 
portals can be used. However, we normally need 
only two or three for the majority of procedures. 

The direct posterior portal is located in line with 
the tip of the olecranon and 3 cm proximal to it. 
The posterolateral portal is placed 2 cm lateral to 
the posterior portal at the level of the tip of the 
olecranon. We might add proximal portals when 
retraction is needed. A low posterolateral portal 
is helpful in procedures involving the posterior 

a b

  Fig. 10.5    Location of our starting portal through the 
anteromedial portal. The arthroscope has to be aimed 
towards the radiocapitellar joint. This steep angle may 

seem awkward at fi rst ( a ). View from the proximal antero-
medial portal of the radiocapitellar joint ( b )       

  Fig. 10.6    Outside-in technique to localize the anterolat-
eral portal (vision form the anteromedial portal). 
Depending on the procedure we can fi ne-tune our pre-
ferred location with the use of a needle       
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radiocapitellar joint, LUCL repair and posterior 
ulnohumeral joint. 

 The soft spot portal is placed posterolaterally 
between the radial head and the capitellum, lateral 
to the olecranon and medial to the lateral epicon-
dyle. This portal allows access to the posterior 
part of the radiocapitellar joint. An accessory low 
posterolateral portal can be established 1 cm ante-
rior to this previous portal for additional instru-
mentation in the posterolateral part of the joint.  

    Workfl ow 

 There are different approaches on how to per-
form elbow arthroscopy and probably it is diffi -
cult to prove the advantage of any singe method. 
However, it is of paramount importance to 
develop a consistent and systematized strategy 
because this will minimize potential complica-
tions [ 10 ]. 

 After introducing the scope through the proxi-
mal anteromedial portal we start our diagnostic 
arthroscopy and evaluate the radiocapitellar joint, 
the lateral part of the coronoid and the anterior 
ulnohumeral joint. Rotating the optic anteriorly 
we can assess the capsule from bottom to top. We 
then create the anterolateral portal and evaluate 
the medial part of the joint by exchanging the 
portals with the help of a Wissinger rod. If 

 additional retraction is needed, instead of gaining 
space with joint distension by increasing fl ow, we 
rather place another proximal anterior portal as 
needed. The use of additional portals for retrac-
tion has enabled surgeons to increase the com-
plexity of arthroscopic procedures minimizing 
complications and one should not be hesitant to 
use them [ 11 ]. 

 To access the posterior part of the elbow we 
usually perform the posterior portal to get into 
the joint and establish a view. There is usually a 
lot of bursa impeding a clear view and we increase 
our space with the use of a shaver and vaporizer 
introduced through the posterolateral portal. We 
might exchange the optic and instruments along 
the procedure to increase our exposure. The 
lighthouse of the posterior compartment is the tip 
of the olecranon, 

 Before starting any arthroscopic procedure 
around the elbow, the surgeon should be familiar 
with the intrarticular anatomy to decrease the 
chance of neurovascular injury. The radial nerve 
lies on the lateral side of the elbow crossing the 
anterior capsule from proximal and lateral 
towards the center of the capsule just in front of 
the radiocapitellar joint. [ 12 ] The nerve usually 
lies surrounded by a streak of fat in the interval 
between the brachialis and the brachioradialis but 
can be in direct contact with the capsule 
(Fig.  10.8 ). The median nerve is anterior to the 
brachialis muscle. In the posterior part of he joint 
the ulnar nerve lies in the medial gutter with an 
intimate anatomic relationship with the medial 
collateral ligament complex.

       Ulnar Nerve Management 

 The ulnar nerve is at risk when performing elbow 
arthroscopy, especially when working in the 
medial aspect of the joint. Although traditionally 
prior surgery to the ulnar nerve had been a 
 contraindication for elbow arthroscopy, recent 
experiences have shown that in selected cases it 
could also me performed. 

 Sahajapal et al. [ 13 ] reported their results 
using the proximal anteromedial portal in elbow 
arthroscopy performed on patients with prior 

  Fig. 10.7    View of the ulnohumeral joint through an 
anterolateral portal. A high anterolateral portal may also 
give a very good view of the joint and may save a portal 
for introduction of working instruments       
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ulnar nerve transposition or with a subluxating 
nerve. The decision on how to protect the nerve 
(normal technique vs. blunt dissection vs. mini- 
incision for ulnar nerve localization) was based 
on the ability to palpate the nerve (palpated 
clearly vs. unclear palpation vs. no palpation, 
respectively). With this standardized approach in 
more than 900 elbow arthroscopies the authors 
reported no ulnar nerve injuries and were able to 
use this portal in all but three cases, in which they 
used two lateral portals. 

 Our threshold to perform a separate incision to 
locate and isolate the ulnar nerve during elbow 
arthroscopy is very low (Fig.  10.9 ). We generally 
do this in most elbow contractures and the same 
incision allows access to the posteromedial elbow 
capsule to perform a sharp release of the poste-
rior band of the medial collateral ligament (MCL) 
while protecting the ulnar nerve.

       Arthroscopic Equipment 

 The basic setup for elbow arthroscopy is the same 
as in knee arthroscopy with a standard 30° 4 mm 
scope. We normally use a pump in a low-pressure 
setting but gravity fl ow is also adequate if pre-
ferred. Basic arthroscopy sets including grasp-
ers, basket punches, arthroscopic scissors and a 
motorized shaver with a variety of terminals can 

be used (more commonly we use 3.4–5.5 mm 
synovial resector, condral resector and burrs). 
We do not generally use cannulas to increase our 
maneuverability and to provide smaller incisions. 

 The use of intrarticular retractors was initially 
described by S.W. O’Driscoll in order to decrease 
the complication rate and to increase the com-
plexity of the procedures. A variety of instru-
ments may be used as retractors, including the 
Wissinger rod, a blunt-tip Steinmann pin, a 
Howarth retractor or a Freer elevator [ 11 ].  

    Loose Body Removal 

 This procedure can be very simple or very hard. 
Preoperative assessment of loose bodies location 
and size with advanced imaging techniques is 
warranted. However, the location of loose bodies 
may change if they are truly free bodies. 

  Fig. 10.8    Axial CT scan of the elbow. The radial nerve is 
seen at the interval between the brachioradialis and the 
brachialis ( green circle ) and the median nerve lies in front 
of the brachialis. This relationship must be kept in mind 
when performing elbow arthroscopy       

  Fig. 10.9    Separate incision for ulnar nerve decompres-
sion. The extent of the incision may vary depending on the 
pathology but usually the nerve must be decompressed 
4 cm distally and proximally from the cubital tunnel. A 
posteromedial capsulotomy can be performed through 
this incision       
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Additionally, one may fi nd small cartilaginous 
bodies that were not accounted for in the preop-
erative assessment. Loose bodies have a tendency 
to move into the medial and posterolateral gut-
ters, so these must be explored. Anterior loose 
bodies are probably the easiest to remove as the 
space is more controlled. Posteriorly, they can be 
imbedded in bursal tissue and adequate bursec-
tomy around the olecranon fossa and in the pos-
terior radiocapitellar space is necessary to 
visualize these spaces and remove all the loose 
bodies (Fig.  10.10 ) [ 14 ].

       Epicondylitis 

 The indication of elbow arthroscopy for treating 
tennis elbow remains controversial, but it is prob-
ably a good indication if there is suspicion of 
intrarticular involvement, particularly a synovial 
plica or an associated condral injury. Viewing 
from the anteromedial portal, a capsular defect 
just anterior and inferior to the lateral epicondyle 
can be observed [ 15 ]. This anterolateral capsular 
defect ranges from mild fraying to a big rent 
through which the extensor muscles can be seen. 
The use of an electrocautery device is appropriate 
for debriding the anterolateral capsule and the 
insertion of the extensor carpi radialis brevis 
(ECRB). Occasionally, the injury will extend 
proximally towards the insertion of the extensor 

carpi radialis longus (ECRL) and it is safe to 
debride it to healthy tissue. It is important, how-
ever, to be very careful with the distal extension 
of the debridement to prevent injury to the lateral 
ulnar collateral ligament (LUCL) complex. It has 
been shown that being above the line bisecting 
the center of the capitellum and the radial head 
protects from injury to the LCL. A plica can often 
be seen impinging on the anterolateral surface of 
the radial head with underlying condral changes 
and needs to be removed (Fig.  10.11 ).

       Osteochondritis Dissecans (OCD) 

 OCD typically affects the capitellum, but occa-
sionally other parts of the joint may be involved. 
The required arthroscopic techniques vary 
depending on the specifi c pathology, but they 
generally include debridement of the bony bed, 
microfracturing, bone drilling to stimulate the 
bone marrow and the removal of loose bodies. 
In selected cases, the osteochondral fragment 
can be repaired using sutures or small pins. In 
larger defects, mosaicoplasty or allograft 
implantation can be used. More commonly, 
patients present late and debridement with a 
bone-marrow stimulation technique is per-
formed (Fig.  10.12 ).

  Fig. 10.10    Image of a loose body in the anterior part of 
the elbow. Preoperative imaging may not be helpful since 
many of these are free fl oating with a tendency to rest at 
the gutters (medial, lateral and posterolateral)       

  Fig. 10.11    A fi brous radiocapitellar plica is seen causing 
impingement of the joint as it gets entrapped. 
Chondromalatia of the radial head is usually an associated 
feature of this entity       
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   One of the diffi cult aspects of dealing with 
elbow OCD is that viewing of the injured area 
can be diffi cult with standard portals. Therefore, 
specifi c portals are helpful to improve our vision. 
Establishing a low posterolateral portal allows 
access to the posterior part of the radiocapitellar 
joint viewing from above using a 70°. Another 
portal was described introducing the scope dis-
tally and parallel to the radial border of the ulna 
aiming towards the radiocapitellar joint [ 16 ].  

    Primary Osteoarthritis 
and Postraumatic Stiffness 

 Elbow arthroscopy has proved to be a reliable 
technique to perform removal of osteophytes and 
complete capsulectomy. These procedures elimi-
nate bony impingement and the capsular restraint 
that block end range of motion. During the work 
up of an arthritic elbow it is advisable to have 
adequate advanced imaging, such as 3D TC 
reconstruction, to have precise knowledge of the 
location of the osteophytes and its relationship 
with the nerves. 

 Osteocapsular arthroplasty is a diffi cult proce-
dure and it requires dexterity and precision. 
Anterior capsulectomy is associated with the 
higher risk of complications. In the anterior com-
partment it is advisable to use intrarticular retrac-
tors to increase our working space and to avoid 

suction when using motorized instruments,. We 
generally start our procedure in the anterior com-
partment and try to recreate the coronoid and 
radial fossae by removing bone with a burr. When 
then remove coronoid osteophytes and only when 
all bony work is done we proceed with the capsu-
lectomy. In cases with radiocapitellar joint wear, a 
radial head resection can be performed. It is our 
preference to start our anterior capsulectomy from 
medial to lateral, looking from the anterolateral 
portal until the interval between the brachialis and 
the brachioradialis is found (Fig.  10.13 ). We then 
exchange our portals and complete our anterolat-
eral capsulotomy viewing from the anteromedial 
portal. Anterior capsulectomy can obviously be 
performed the other way around but we prefer to 
start performing our medial capsulotomy because 
it gives us a sense of the kind of capsule we are 
dealing with in a safer area. One needs to remem-
ber that the capsule on the anterolateral side of the 
elbow is in close contact with the radial nerve.

   In the posterior compartment, the bursa and 
capsule over the olecranon fossa is debrided until 
we have a clear view of the olecranon tip and we 
see the engagement of the olecranon into the 
fossa. If there is impingement at this level, we 
recreate a new olecranon fossa by burring away 
the “corners” of the olecranon. A complete cap-
sulectomy is then performed with the aid of a 
radiofrequency, removing the capsule up to the 
posterolateral and posteromedial columns. 

 Care must be exercised in the posteromedial gut-
ter because of the close proximity to the ulnar nerve. 
In cases with limited elbow fl exion under 100° or 
where we expect gains in motion greater than 
30–40° we perform an associated open release of 
the ulnar nerve with open resection of the posterior 
band of the MCL. Some very skilled surgeons may 
have the ability to decompress the nerve endoscopi-
cally but a limited skin incision as mentioned is a 
very safe method to protect the ulnar nerve [ 17 ]. 

 Postraumatic elbow contractures are treated in 
a very similar fashion but one needs to consider 
that the anatomy might be altered. In these very 
demanding cases it is recommended to localize 
the nerves on preoperative CT exams, discard 
bony and soft tissue abnormalities and proceed 
carefully during surgery.  

  Fig. 10.12    An image of osteochondritis dissecans of the 
capitellum is seen. The unstable fragment cannot be 
repaired and debridement is preferred. Bone-marrow 
stimulation techniques can be associated       
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    Fractures 

 Arthroscopy can be used to treat some elbow 
fractures but the general guidelines for fracture 
treatment must always be followed [ 18 – 21 ]. 
Radial head fractures can be fi xed while viewing 
from the anteromedial portal, using some instru-
ments to lever the fractured fragments and reduce 
the displacement and to fi x them through a pos-
terolateral or lateral portal with the use of can-
nulated screws [ 19 ]. 

 Capitellar fractures can be treated with an 
assisted reduction and arthroscopic fi xation from 
the posterior part of the joint, similarly to the 
technique used with capitellar fractures. A freer 
elevator can hold our reduction from the antero-
lateral portal while introducing the posterior can-
nulated screws over K-wires, generally with the 
help of fl uoroscopy (Fig.  10.14 ).

a b

c

  Fig. 10.13    Anterior capsulectomy of the elbow with a wide basket punch is preferred starting from the anteromedial 
towards the anterolateral part of the elbow ( a ) Osteophytes on the anterior radial fossa can limit motion and pain. ( b ) 
Bone resection is performed with a burr, recreating the original fossa. ( c ) Anterior capsulectomy of the elbow with a 
wide basket punch is preferred starting from the anteromedial towards the anterolateral part of the elbow       

  Fig. 10.14    Fracture of the capitellum with hematoma at 
the fracture line after reduction. A Freer elevator can aid 
in reducing and maintaining the reduction while fi nal fi xa-
tion is achieved from posterior to anterior with cannulated 
screws inserted over K-wires       
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   Big coronoid fractures can also be fi xed 
arthroscopically with cannulated screws over 
K-wires inserted from posterior to anterior with a 
freehand technique or with the use of a modifi ed 
guide. Proper reduction is sometimes hard to 
achieve. Fluoroscopy is helpful in determining the 
location and angle of our pins Compression of the 
coronoid fragment against the trochlea with a 
small periosteal elevator can help in maintaining 
the reduction of the fracture. Once reduced and 
fi xed, the cannulated screws are introduced. 

 When the coronoid fragment is very small, 
suture fi xation can also be attempted. However, 
in our opinion, coronoid fractures that are fi xed 
with suture fi xation are probably not worth recon-
structing [ 20 ,  21 ].  

    Closure 

 Skin closure is performed with the use of hori-
zontal mattress sutures in order to prevent pro-
longed drainage. The use of a drain is discretional. 
We prefer to use it whenever we do some bone 
work of soft tissue procedures that may bleed in 
order to reduce the risk of hematoma. 
Postoperative splints and arm elevation are used 
for stiffness and also to reduce edema.  

    Complications 

 Complications during elbow arthroscopy have 
been reported to be around 12 % [ 11 ]. The major-
ity of these are minor and involve prolonged por-
tal drainage, persistent elbow contracture greater 
than 20° and transient nerve palsies. When ana-
lyzing the risk factors for neurologic complica-
tions, the two main ones are the diagnosis of 
rheumatoid arthritis and the technique of anterior 
capsulectomy [ 22 ]. 

 Specifi c recommendations include horizontal 
mattress sutures for skin closure to prevent per-
sistent drainage, the use of retractors and the 
adaptation of the surgical complexity to sur-
geon’s ability and expertise. 

 In a subsequent investigation regarding the 
infl uence of prevention strategies on the risk of 

complications in a personal series of elbow 
arthroscopies, a 5 % transient nerve injury out of 
502 elbow arthroscopies including 388 osteocap-
sular arthroplasties were reported. The authors 
found an association of complications with a pro-
longed tourniquet time and the presence of cuta-
neous dysesthesia with open incisions. 
Complications were reduced by simultaneous 
ulnar nerve transposition and retractor use [ 23 ]. 

 A similar experience has been published in a 
study of 417 arthroscopies with 37 minor 
(8.9 %) and 20 major (4.8 %) complications. 
Interestingly, the authors show a rate of superfi -
cial and deep infections of 6.7 % and 2.2 % 
respectively. They found and association with 
the injection of steroids for both superfi cial 
(14.1 % vs. 2.0 %) and deep infection (4.9 % vs. 
0.4 %). There were 7 transient sensory nerve 
complications without motor defi cits and the 
rate of complications was not different between 
different degrees of complexity [ 24 ]. 

 However, even though the risk of permanent 
nerve injuries in expert hands seems to be very low, 
there have been reports of serious injuries involving 
the three main nerves around the elbow (both tran-
sient and permanent) compartment syndromes with 
severe sequelae or even septic arthritis [ 20 ].   

    Author’s Perspective 

 Arthroscopy is a very useful tool for the treat-
ment of a spectrum of elbow pathologies but its 
use should not modify the general principles of 
treatment behind each of the diseases for which it 
can be indicated. 

 Elbow arthroscopy decreases the morbidity of 
the open surgical approach and can be very ben-
efi cial in the postoperative management and 
rehabilitation of our patients but this must be bal-
anced against the potential for complications. 
Furthermore, the skills required to perform some 
of these surgical procedures in a safe manner has 
to be progressively acquired in controlled manner 
to avoid complications that can be disastrous for 
the patient. Attention to every detail during this 
procedure and adequate knowledge of the anat-
omy cannot be overstated.     
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   MRI   . See  Magnetic resonance imaging (MRI) 

    N 
  Neruologic complications   . See  Elbow surgery, 

neurologic complications in 
   Non-steroidal anti-infl ammatory drugs , 140  
   Nonunion 

 distal humerus 
 outcomes , 53–54  
 parallel plating , 53–54  

 total elbow replacement , 123–124  

    O 
  Olecranon fractures 

 anesthesia , 60  
 AP and lateral plain radiographs , 60, 61  
 3D CT scan , 60, 61  
 incision , 61, 62  
 indications , 60  
 outcomes , 62–63  
 patient positioning , 60, 62  
 pitfalls and complications 

 failure to injury identifi cation , 65  
 implant prominence , 66  
 large bone defects , 65  
 median or AIN neuropraxia , 66  
 poor fi xation , 65  
 postoperative regimen , 66  
 post-operative stiffness , 65–66  
 ulnar neuropraxia , 66  

 superfi cial landmarks , 60  
 surgical management , 84–85  
 ulnar nerve management , 62  

   Open capsulectomy, elbow stiffness 
 complications , 94–96  
 deep exposure , 93–96  
 incision , 93  
 lateral column procedure , 93  
 outcomes , 97, 100  
 patient positioning , 93  
 planning , 92  
 postoperative protocol , 94, 96–97  
 skin landmarks , 93  

   Open fi xation, distal humerus fracture , 27  
   Open ligamentoplasty, lateral collateral ligament tearing 

 anesthesia , 104  
 graft fi xation , 105–107  
 incision , 104  
 patient positioning , 104  
 pitfalls , 107–108  
 positive pivot shift test , 104  
 postoperative regimen , 108  
 surgical procedure , 104–105  

   Open reduction and internal fi xation 
 distal humerus fractures    (see  Distal humerus 

fractures )  
 distal humerus nonunion 

 outcomes , 53–54  
 parallel plating , 53–54  
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   Open technique, lateral epicondylitis 
 anesthesia , 14  
 incision and approach to ECRB , 14–15  
 joint inspection and tendinous repair , 15–16  
 patient positioning , 14  
 pitfalls and complications , 16–17  
 postoperative regimen , 17  
 skin landmarks , 14  
 subcuticular monofi lament closure , 16  
 tourniquet , 14  

   Osborne’s ligament , 28–32  
   Osteochondritis dissecans (OCD) , 39, 144, 150–151  
   Outside-in technique , 147  

    P 
  Pain , 13, 21–22  

 control , 39, 42, 88, 144  
 lateral elbow , 83, 144  
 mean score , 139  
 medial elbow , 25, 26  
 post-operative , 16, 60, 143  

   Physiotherapy protocol , 85  
   Pivot shift test , 103, 104, 108  
   Position of patient 

 acute distal biceps repair , 128, 130  
 chronic biceps tendon tear , 135  
 coronoid fractures , 69  
 cubital tunnel syndrome , 26–27  
 distal humerus fractures 

 articular shear fractures , 50  
 parallel plating , 42, 43  

 elbow arthroscopy , 144–145  
 elbow stiffness , 93  
 elbow surgery, neurologic complications in , 2, 3  
 Hoffmann technique , 30  
 lateral collateral ligament tearing , 108  

 arthroscopic repair , 108  
 open ligamentoplasty , 104  

 lateral epicondylitis , 17, 18  
 arthroscopic treatment , 17, 18  
 open treatment , 14  

 olecranon fractures , 60, 62  
 radial head arthroplasty , 79  
 radial head fracture , 72  
 total elbow replacement , 114, 123  

   Posterior drawer test , 103, 109  
   Posterolateral rotatory instability (PLRI) , 77, 103  
   Posttraumatic arthritis , 44, 123–124  

    R 
  Radial artery , 9, 136  
   Radial collateral ligament (RCL) , 78  
   Radial head arthroplasty 

 anesthesia , 79  
 approach , 79  
 implants types , 79  
 incision , 79  
 indications , 79–81  
 lateral collateral ligament complex , 84  

 patient positioning , 79  
 postoperative regimen , 82, 84  
 radiology , 79–81  
 superfi cial landmarks , 79  
 technique 

 defi nitive implant, implantation of , 83–84  
 modular trial implant sizing , 81, 83  
 radial head assessment , 79–80  
 radial head sizing , 80  
 radial neck resection , 80  
 radial shaft preparation , 80–81  
 trial implant assessment , 83  

   Radial head fracture , 84  
 anesthesia , 72  
 EDC split approach , 72, 74  
 incision , 72  
 indications , 72  
 Kaplan approach , 72  
 Kocher approach , 72, 74  
 LCLC and common extensor origin injuries , 78–79  
 medial collateral ligament injury , 79  
 outcomes 

 with cartiliagious shearing injuries , 77  
 lateral ligament complex, avulsion of , 74, 77  
 rent in common extensor musculature , 74, 77  

 patient positioning , 72  
 postoperative regimen , 79  
 radial head fragmentation , 78  
 radial neck fracture extension , 78  
 radiology 

 AP and lateral plain radiographs , 72, 73, 75  
 CT scan , 72, 73, 75  

 reduction and fi xation technique , 74, 76, 77  
 superfi cial landmarks , 72  
 surgical management , 84–85  

   Radial nerve , 2, 3, 5, 6, 9, 16, 17, 44, 47, 
52, 74, 91, 128, 146, 149, 151  

   Radiographs 
 chronic elbow dislocation , 115, 117  
 complex periarticular non/mal-unions , 114, 115, 117  
 distal huemrus fractures , 113, 123, 124  
 distal humeral non-union , 114–116  
 failed fi xation , 114–116  
 infl ammatory arthritis , 113, 115  
 postoperative AP and lateral radiographs, TER , 122  
 post-traumatic arthritis , 114  
 pre-existing arthritis with fracture , 114–116  
 rheumatoid arthritis , 115  
 unreconstructable injuries , 114, 115  

   Radius pull test , 78  
   Reconstruction techniques 

 acute distal biceps repair    
(see  Acute distal biceps repair )  

 chronic biceps tendon tear    
(see  Chronic biceps tendon tear )  

 ligament , 26  
 radial head fracture    (see  Radial head fracture )  

   Rheumatoid arthritis , 34, 115, 153  
   Rotation , 43, 63, 77  

 center of , 78  
 forearm , 19, 79, 83  
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 full shoulder external , 26, 36  
 loss of forearm , 134, 135, 139  
 neutral , 71, 78  
 restriction of , 140  

    S 
  Semitendinosus tendon graft , 137, 138  
   Septic arthritis , 153  
   Shahane-Stanley approach , 114  
   Shear test , 13  
   Single-incision technique, acute distal biceps repair 

 anatomy of anterior approach , 128, 129  
 anesthesia , 128  
 bicipital tuberosity identifi cation , 129  
 fi xation , 129–131  
 localization of stump , 128–130  
 patient positioning and tourniquet , 128  
 “S” type of incision , 128, 129  

   Soft-tissue management , 10  
   Stiffness, elbow 

 arthroscopic capsulectomy , 17  
 anterior compartment , 90–91  
 contraindications , 88  
 dedicated elbow positioner (SUC®) , 88, 89  
 general anesthesia , 88  
 outcomes , 97–99  
 posterior compartment , 92  
 preoperative and follow-up , 88, 89  
 setup , 88, 90  
 in situ decompression of ulnar nerve , 90  

 post-operative , 65–66, 71  
   Suture anchor , 129–130, 134  

    T 
  Table-top test , 103  
   Taylor & Scham approach , 70  
   Tennis elbow   . See  Lateral epicondylitis 
   Tension band wiring (TBW) , 60  
   Total elbow replacement (TER) 

 acute fracture 
 anaesthetic/patient positioning , 123  
 AP and lateral radiographs , 123  
 surgical approach , 123, 124  

 bone preparation technique , 118–120  
 cementing technique and assembling components , 

120–121  
 contraindications , 114  
 elbow arthroplasty results , 124, 125  
 extensor mechanism repair , 121  
 general anesthesia , 114  
 humeral fl ange bone graft , 121, 122  
 indications 

 chronic elbow dislocation , 115, 117  
 complex periarticular non/mal-unions , 

114, 115, 117  
 distal humeral fractures , 113  
 distal humeral non-union , 114–116  
 failed fi xation , 114–116  
 infl ammatory arthritis , 113, 115  

 post-traumatic arthritis , 114  
 pre-existing arthritis with fracture , 114–116  
 rheumatoid arthritis , 115  
 unreconstructable injuries , 114, 115  

 outcomes , 124–125  
 patient positioning , 114  
 postoperative regimen , 121–122  
 posttraumatic arthritis and nonunions , 123–124  
 radiographs of preoperatively elbow conditions , 

114–117  
 superfi cial landmarks , 114, 118  
 surgical approach 

 collateral ligaments release and excision 
olecronon tip , 118, 119  

 extensor mechanism , 118, 119  
 Shahane-Stanley approach , 114, 118  
 ulnar nerve superfi cially decompressed and 

triceps splitting , 117–118  
   “Triceps on” approach , 123  
   Triceps splitting , 4, 44, 118, 121  
   Two-incision technique, acute distal biceps repair 

 fi xation , 133  
 incision and bicipital tuberosity approach , 130, 132  
 patient positioning and tourniquet , 130  
 second lateral approach , 132–133  

    U 
  Ulnar nerve (UN) 

 articular shear fractures , 53–54  
 clinical photograph , 118  
 coronoid fractures , 71  
 cubital tunnel syndrome 

 indications , 26  
 open ulnar nerve release , 26–30  

 endoscopic ulnar nerve release    (see  Hoffmann 
technique )  

 entrapment , 26  
 identifi cation , 28, 37, 107, 117, 123  
 management 

 distal humerus fractures , 44  
 elbow arthroscopy , 148–149  

 olecranon plating for acute fractures , 62  
 proximal dissection of , 28  
 subcutaneous transposition of , 34–35  

   Ulnar neuritis , 56  
   Ulnar neuropathy , 54, 56  
   Ulnar neuropraxia , 66  
   Ultrasonography , 127  
   Ultrasound (US) , 14, 26, 104, 144  

    V 
  Varus posteromedial rotatory instability (VPMRI) , 69, 71  
   Varus-valgus stress , 103, 104  

    W 
  Weight lifting , 29  
   Wrist extension test , 13  
   wrist Lyster’s tubercle , 14, 15         
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