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This thesis is structured in four parts; part I (chapter 1) is a general introduction on function 
and anatomy of the elbow, part II (chapters 2 to 5) focusses on sports related injuries and 
part III (chapters 6 to 10) deals with traumatic injuries. Part IV (chapters 11 and 12) is the 
general discussion, summary and overall conclusion of this thesis.

Part I – Function and anatomy of the elbow
The elbow is one of the most complex joints in the human body. It consists of three distinct 
joints that allow for flexion and extension of the arm in combination with pronation and 
supination of the forearm. Stable and painless motion of the elbow is necessary for accurate 
positioning of the hand in space, which is required for most activities in daily living, but also 
for performing labor and for sports activities. A full range of stable and painless motion 
is therefore considered as one of the most important outcome parameters following 
treatment of elbow injuries. For this reason, it is often the basis of various (patient reported) 
outcomes scores. The Mayo elbow performance score (MEPS) for instance, is one of the 
most frequently used outcome scores in elbow surgery and comprises exactly these 4 
domains: pain, motion, stability and function of the elbow in daily living1. The normal range of 
motion is variable among individuals and depends age and gender. Back in 1981, Morrey et 
al. evaluated what amount of motion of the elbow was required to perform 15 activities of 
daily living2. These activities involved motions that are used for personal care and hygiene, but 
also actions like using a telephone, reading a newspaper, rising up from a chair and opening a 
door. Their conclusion was that most of these activities can be accomplished with an arc of 
100° (30°-130°) of elbow flexion and an arc of 100° (50°-50°) of forearm rotation2. More 
recently, in 2011, Sardelli et al. repeated this study on functional elbow range of motion in 
daily living. They updated the list of activities with contemporary tasks like using a computer 
mouse and keyboard, and holding a cellular phone while standing3. It was found that using a 
computer mouse and keyboard requires more pronation (65°) and using a cellular phone 
requires more flexion (130°) than the previously described activities by Morrey et al2. As 
over 80% of the people in developed countries own a computer, and almost 97% of the 
world population have a cellular phone subscription at the moment4, the use of these 
devices are getting more and more important for the vast majority of the human beings. 
These numbers indicate the importance of optimal range of motion of the elbow following 
treatment of elbow pathology, to fulfill the higher demands and expectations of these 
patients. The pursued outcome of elbow surgery should therefore not only be a stable and 
painless joint, but also an elbow with optimal range of motion. A special group of patients, 
that need a different approach in elbow surgery, are high performance athletes. These high 
demanding group of patients, desire not only a full recovery following treatment, but also a 
rehabilitation schedule that is as quick and aggressive as reasonable achievable. In order to 
comply with these demands, many surgical implants have been developed and part of these 
new designs have been described in part II of this thesis.  
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The second focus of part 1 was on the anatomy of the elbow. A solid knowledge of elbow 
anatomy is mandatory for every surgeon to avoid perioperative complications, which might 
compromise the outcome of elbow surgery. The preoperative plan before any surgical 
procedure at the elbow should discuss which incision and approach is needed to 1) address 
the known injuries, but also potential symptomatic associated injuries, and 2) avoid potential 
complications such as neurologic disorders or formation of heterotopic ossifications (HO). 
‘Failure to plan your surgery will result in a plan for failure of your surgery.’ 
Fractures of the radial head are illustrious in the relation of recognized fractures and the 
occurrence of associated injuries that are difficult to diagnose. The usual approach to 
the radial head is from lateral through the interval of Kocher, Kaplan or EDC-split (figure 
1). The Kocher approach is the most posterior one and uses the interval between the 
Anconeus and extensor carpi ulnaris (ECU) muscles5. The Kaplan (interval between the 
extensor digitorum communis (EDC) and extensor carpi radialis brevis and longus (ECRBL) 
muscles6) and EDC-split approaches are more anterior and allow for better visualization 
and repair of fractures of the anterolateral part of the radial head7. However, when there is 
concomitant injury to the lateral collateral ligament (LCL) complex, the extended Kocher 
approach better facilitates this repair7. Whereas the Kocher approach may injure the LCL, 
a distal extension of the Kaplan approach may damage the posterior interosseous nerve 
(PIN)8. When there is concomitant injury to the ulnar collateral ligament (UCL) a second 
medial incision can be made. Yet, a single posterior incision allows for adequate access to 
both the medial and lateral side of the elbow and may be a better alternative in cases of 
radial head fractures with complex elbow instability9. The choice of the approach is finally 
dictated by preference of the surgeon.

Figure 1: The limited Kocher approach between anconeus and extensor carpi ulnaris and Kaplan approach between 
extensor digitorum communis and extensor carpi radialis longus and brevis are shown. ECRB = extensor carpi radialis 
brevis; ECRL = extensor carpi radialis longus; EDC = extensor digitorum communis; ECU = extensor carpi ulnaris. 
Reproduced with permission of Wolters Kluwer from10.

Rupture of the distal biceps tendon may go together with damage to the lacertus fibrosis, 
but concomitant injury to other structures is rare. The approach of the distal biceps tendon 
should therefore focus on the ability to do a refixation on the native anatomic footprint 
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with the minimum risk on complications. Different approaches to the distal biceps tendon 
have been described, generally involving either a single anterior incision, or a double incision 
on the anterior and posterior side of the elbow. Historically, an extensive anterior approach 
was used, which was frequently complicated by neurologic injuries11. Boyd and Anderson 
therefore described a double incision approach in which the posterior route to the radius 
was subperiosteal along the ulna12. Unfortunately, this approach was associated with more 
cases of heterotopic ossification (HO) and subsequent loss of motion. The introduction of 
new implants such as suture anchors, interference screws and cortical buttons, allowed for a 
less extensive anterior approach. On the other hand, a modification on the double incision 
approach in which the posterior route to the radius was through the muscles, avoiding the 
ulna, was developed in order to minimize the risk on HO13. All these adjustments to the 
original surgical techniques seem to diminish to change on complications but enhance the 
strength of the surgical construct14. 
Overall, one should bear in mind that surgery about the elbow is prone to develop 
neurologic complications and the formation of HO. It is therefore important to have 
adequate knowledge of the anatomy and routes of the nerves (including the cutaneous 
nerves) near the elbow. Proximate nerves should be identified and protected throughout 
the procedure. Every single time a retractor is placed, the surgeon should remember that 
it could cause compression or stretch on nearby nerves. To avoid HO, dissection of bone 
should be limited and bone remnants should be extensively purged. The use of new implants 
may allow for more limited dissection, but the surgeon should never compromise to the 
above-mentioned basics because of the implant. 

Part II – Sports related injuries
Originally, most research on distal biceps tendon ruptures was conducted in order to 
improve the surgical technique and construct of the repair15. More recently, anatomical 
and biomechanical studies also focused on the structure and function of the tendon and 
associated structures. However, the pathophysiology of distal biceps ruptures remains mostly 
unclear, and the number of studies on this subject is only limited16, 17. It has been suggested 
that causative reasons involve both degenerative and mechanical factors18. Regarding the 
latter ; hypertrophic changes of the radial bicipital tuberosity (RBT) may contribute to 
impingement of the distal biceps tendon between radius and ulna during pronation. In order 
to investigate this, we performed a study in chapter 2 in which the size of the RBT between 
patients with a distal biceps tendon rupture and controls was compared. We were unable to 
verify that the size of the RBT was increased in patients with a distal biceps tendon rupture, 
compared to controls, on conventional radiographs of the elbow. A reason for this might 
be the fact that the study was underpowered with 22 case-control pairs. However, a series 
of 115 case-control pairs is necessary to reach 90% power, a number that outreaches the 
amount of patients in the most extensive studies to date19, 20. In order to provide information 
on how to diminish the risk on distal biceps tendon ruptures in for instance bodybuilders 
it is necessary to further investigate this subject. Future studies, however, may rather use 
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data from CT-scans than conventional radiographs, as these give more accurate three-
dimensional and volume data of the RBT. Moreover, these scans may be used in simulations 
of forearm rotations and the variances in distance at the RBT between radius and ulna, as is 
currently available for simulations of femoroacetabular impingement in the hip21. Yet, the CT-
scan is no part of the usual work-up of distal biceps tendon ruptures and should therefore 
be made in the context of an ethical committee approved prospective study. MRI-scans, 
which are frequently made to confirm the diagnosis of a distal biceps tendon rupture, may 
be less suitable for these calculations and simulations. Until the day these studies have been 
performed, the exact pathophysiology of distal biceps tendon ruptures will remain unclear, 
and the treatment just symptomatic. In case of a very proud appearance of the RBT at 
standard radiographs with radioulnar impingement during surgery, reduction of the RBT 
may be performed. Preventive reduction of a normal RBT, however, can lead to decrease in 
supination strength, as the RBT functions as a mechanical cam22.
The repair of ruptured distal biceps tendon on the RBT can be performed with use of 
bone tunnels, suture anchors, interference screws or cortical buttons. The cortical button 
had the highest failure load compared to the other techniques at cyclic and linear loading 
in biomechanical studies23, 24.  In chapter 3 we report on a study we performed in which 
the clinical outcome for single incision anterior cortical button repair was good, with no 
complications related to the implant, except for one patient that had symptomatic awareness 
of the button. Complications were seen in 36% of patients. This led to the question whether 
the amounts of complications depend on the approach or the type of refixation technique 
used. All complete distal biceps tendon ruptures need an anterior incision to localize and 
transpose the (retracted) stump of the distal biceps tendon. A subsequent repair can be 
performed through the same incision with use of suture anchors, interference screws or 
cortical buttons. The tendon can also be transposed posteriorly and be repaired through 
another incision at the posterior side with use of suture anchors or bone tunnels. Whereas 
the latter was historically associated with radioulnar synostosis formation, our review of 
the recent literature in chapter 4 showed none of these complications. The double incision 
approach with bone tunnels repair even showed fewer complications than the anterior 
approach. We hypothesized that the ‘Morrey-modification’ of the double incision approach 
had to do with this13. In this approach the radius is exposed through the extensor carpi 
ulnaris muscle and exposure of the ulna is avoided (figure 2). In addition, the double incision 
approach may allow for a more anatomic refixation on the RBT footprint compared to the 
single incision anterior approach25, 26. Although current evidence is in favor of the double 
incision technique, the single incision approach may also lead to excellent results. The 
anterior approach is considered easier to perform, and therefore more frequently described 
in the literature in smaller series. The inferior results of the single incision technique could 
have been confounded by the fact that inexperienced surgeons predominantly use this 
approach, whereas specialized elbow surgeons more frequently use the double incision 
technique. In the case of partial ruptures, a single incision posterior approach can be used, 
thus avoiding all anterior structures and anterior approach associated complications27. The 



185

dIsCussIon

approach of the distal biceps tendon should be the one where the surgeon is most familiar 
with, but results of recent literature ask for reconsideration of the muscle-splitting double 
incision approach. 

Figure 2: Two diagrams demonstrating the incorrect path [A] and the correct path [B] for exposure of the radial 
tuberosity through a posterior incision. EDC = extensor digitorum communis; ECU = extensor carpi ulnaris. Reproduced 
with permission of Rockwater, Inc. from13.

With regard to the different implants that can be used for distal biceps tendon reconstruction, 
our review could not show significant differences in clinical outcome. The cortical button 
was superior to the other implants in biomechanical studies23, 24. However, bone tunnels 
(which used to be the standard procedure) were not inferior to other implants in a 
biomechanical study by Kettler et al.23. They therefore concluded that: ‘compared with the 
newer device-based techniques, the transosseous (bone tunnels) suture technique is still 
an adequate procedure, especially because the sutures are less expensive than are the 
suture anchors’23. In our review in chapter 4, the bone tunnels technique was associated 
with fewer complications than the other fixation techniques. Though, we found a strong 
interrelationship between the bone tunnels fixation and the double incision approach, 
and we were unable to efficiently disentangle the effects of these variables. The choice of 
implant should depend on surgical approach and financial based preferences. In athletes 
the surgeon may prefer a cortical button based on biomechanical studies, although clinical 
evidence for its superiority is lacking. Heinzelmann et al. combined a cortical button with an 
interference screw fixation in order to allow for a more aggressive rehabilitation, but they 
still advised to avoid flexion against resistance for the first 2-3 months, which is comparable 
with other postoperative rehabilitation protocols28. 
The general treatment strategy for ulnar collateral ligament (UCL) tears is nonoperative for 
the non-elite athlete and surgical reconstruction for the competitive athlete29. In the first, 
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the flexor-pronator mass will keep the elbow stable, but throwing will be limited. Rettig et al. 
evaluated a conservative treatment program for throwing athletes with a UCL deficiency30. 
The program consisted of two phases: 1) rest and modalities to treat symptoms for 2-3 
months, and if painfree, followed by phase 2) muscle strengthening and return to throwing. 
This program was successful in only 42% of the athletes. The vast majority of literature is 
therefore on reconstruction techniques of the UCL in athletes. Most studies were from 
centers in the USA and showed a return to play in 63-92%31.  In order to investigate 
European results, we performed a study on 20 European athletes in chapter 5. The results 
showed a return to sports in 90% of the patients, but 6/20 patients eventually quitted their 
sports activities, even after a successful comeback. A reason for this phenomenon may 
be that the athletes in our study did not play at a professional level, and were therefore 
not financially dependent on a successful return. Based on these results we question 
whether the results on American athletes can apply one-to-one on European athletes. 
The orthopedic surgeon that treats European athletes should be ensured of personal or 
European results, and always be convinced of the expectations and future career plans in 
athletes. We used triceps fascia as autograft for reconstruction of the UCL. The advantages 
of this graft are its strength and availability (through the same incision) without donor site 
morbidity. Although there were no complications on triceps function, the possible affects 
on triceps strength from the use of triceps fascia autograft in athletes has currently been 
insufficiently investigated.  
 

Part III – Fractures of the radial head
Fractures of the radial head are frequently considered as benign and isolated, but associated 
injuries at the elbow occur in up to 92% of cases32. Although most of these concomitant 
injuries are not symptomatic, it is useful to know in which patients these injuries can be 
expected. We performed a study in which we evaluated the effects of trauma and patient 
related factors on radial head fractures and associated injuries in chapter 6. We found 
that symptomatic associated injuries are more common in the elderly. The elderly patient 
may have lower demands of the elbow in terms of strength and endurance compared 
to the younger ones, but still need a stable elbow with adequate range of motion. As a 
consequence, the treatment of elbow trauma in the elderly is challenging. Studies from the 
USA showed that the number of elbow arthroplasty operations has increased significantly 
last decade33. Moreover, the indication to perform elbow replacement has changed from 
inflammatory/degenerative to traumatic causes34. Both studies from Day et al. and Gay et 
al. showed that most prosthesis are implanted in the elderly, and more frequently in females 
compared to males33, 34. These numbers are in line with our observations on radial head 
fractures, and suggest that a poor intrinsic quality of bone (osteoporosis) and soft tissues in 
the frailty elderly patient lead to more complex elbow fractures requiring more aggressive 
surgical treatment. Based on these findings, further development of antiresorptives or 
anabolic treatments to protect against fractures is necessary to offset some of the current 



187

dIsCussIon

trends in elbow replacement in the USA. 
With regard to replacement surgery at the elbow in the Netherlands, about 22% of the 
registered procedures involved radial head arthroplasty in 201435. The differences in surgical 
technique between total elbow replacement and radial head replacement are numerous. 
The mean age of patients that underwent total elbow arthroplasty was for instance 64, 
compared to 51 years for radial head replacement. About 50% of patients received radial 
head arthroplasty because of an acute fracture, whereas only about 10% of patients with 
total elbow arthroplasty had an acute fracture. Almost all total elbow prosthesis were 
cemented and most radial head prosthesis were cementless35. These numbers indicate 
that there are huge differences in patient characteristics, indications and surgical technique 
between total elbow arthroplasty and radial head arthroplasty. It is therefore important that 
the radial head prosthesis is analyzed separate in national implant registries. An advantage 
for the individual surgeon or institution is that indications and surgical technique can be 
compared with nationwide procedures. In the long term, these register data will also inform 
about and compare outcome for the various indications, types of implants and surgical 
techniques for radial head replacement. 
Unfortunately, currently the long-term outcome of radial head arthroplasty is predominantly 
unknown. In our systematic review on metal radial head arthroplasty in chapter 10, we found 
studies describing the results of 12 different prosthetic designs. The production of two of 
them was already discontinued. We excluded silicon prosthesis from our review as that kind 
of implant was popular for a short while, but is currently obsolete because of poor long-term 
results. With a mean average follow-up of 45 months, the body of literature on the long-
term survival of radial head prosthesis is poor. Based on these mid-term results, we found 
no essential differences among the various types of prosthesis and fixation methods in our 
review. Even more worrying was the quality of reporting on radial head arthroplasty. Not 
infrequently important methodological information or important outcome parameters was 
lacking. This heterogeneity in data hampers sound comparison of studies and thus implants. 
This problem has also been recognized for total elbow arthroplasty36. Obviously, the peer 
review process is falling short assuring uniformity and quality in data reportage. A discussion 
about the institution of guidelines for standardized reportage of clinical outcomes seems 
appropriate. Our studies on press-fit and cemented radial head arthroplasty (chapters 8 
and 9, respectively) intended to provide complete, adequate and relevant data on these 
implants in terms of implants survival and objective clinical, subjective patient-reported and 
radiological outcome parameters. We suggest this way of reporting for future studies on 
this subject. The Dutch national implant registry system (LROI) may play an important role 
in this.

Part IV – General discussion
The management of trauma and sports injuries of the elbow is evolving. Because the elbow 
is prone to develop posttraumatic stiffness, it is important to allow early active range of 
motion exercises as soon as possible following injury37, 38. Current treatment protocols for 
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radial head fractures are therefore directed to permit direct functional after-treatment of 
the elbow. This is especially important for athletes, in order to maintain their neuromuscular 
control. Additionally, athletes wish to return to sports as quickly as possible, as the time of 
professional practice is only short. Multiple implants have been introduced last decades to 
facilitate reconstructive surgery of tendons or ligaments and a possibly subsequent rapid 
recovery. Yet, it remains important to discuss with the athlete before surgery is planned 
about the wish to resume a sports career, as the dropout, even after successful surgery, 
may be high, while there is a significant risk on (transient) complications. Rehabilitation is 
still long after several reconstructive procedures around the elbow despite the use of new 
fixations devices.
In the cases of fractures, on the other hand, as radial head fractures, the primary reconstruction 
and rehabilitation should be optimal without doing concessions, also in professional athletes, 
in order to prevent degenerative changes (with need for arthroplasty) in the long-term39. 
Various implants (cortical buttons, interference screws, radial head prosthesis) have been 
passed in this thesis. Overall, the objective and subjective outcomes were good, but 
complications were not infrequently encountered. Moreover, we were unable to find 
significant differences in outcome between the various implants. In the end, it seems that 
the type of patient (elderly, athlete etc.), indication to do an operation (what kind of injury/
fracture, what kind of (possible) associated injuries) and the surgical technique (approach, 
repair versus replacement etc.) may be more important on outcome than the type of 
implant used.
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