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CHAPTER 5
Long-term results after ulnar collateral ligament 

reconstruction of the elbow in European 
athletes with interference screw technique

and triceps fascia autograft
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Abstract
Background: In the last decade, there has been increasing interest in medial ulnar collateral 
ligament (MUCL) reconstruction techniques for MUCL insufficiency of the elbow. All case 
series are based on American and Asian athletes and use primarily a palmaris longus tendon 
or gracilis tendon as an autograft in reconstructions. A new technique is the interference 
screw fixation. Evidence that supports the use of this technique is mainly from controlled 
laboratory studies. The purpose was to evaluate the interference screw technique for 
MUCL reconstructions in a European, clinical setting, with a triceps tendon fascia autograft. 
Methods: Twenty consecutive athletes with diagnosed MUCL insufficiency who underwent 
a MUCL reconstruction using the interference screw technique were reviewed 
retrospectively. Indications for reconstruction were medial elbow pain and/or instability 
caused by insufficiency of the MUCL that prevented the athlete from sport activity after a 
minimum of 3 months of conservative treatment. 
Results: At a mean follow-up of 55 months (range, 36–94), the mean Mayo Elbow 
Performance Score (MEPS) improved from 82 to 91 points (range, 80–100); P < .001. In 
the end, six patients (30%) quit the sport activities they were preoperatively participating in, 
all because of reasons unrelated to the MUCL reconstruction. There were excellent results 
on the Conway scale in 18 patients. 
Conclusion: Good results are reported based on the postoperative MEPS and Conway 
scores with clinically stable MUCL reconstructions without signs of break-out or fractures 
on radiographic follow-up. However, the dropout, even after successful reconstruction in 
European athletes, is high.

Keywords: Medial ulnar collateral ligament; medial collateral ligament; elbow; reconstruction; 
triceps graft; interference screw; European athletes 
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Introduction
The anterior bundle of the medial ulnar collateral ligament (MUCL) is the primary constraint 
to valgus stress between 25° and 125° of flexion1-3. Injury to the MUCL can be the result 
of an acute traumatic moment or is the result of repetitive microtraumata to the MUCL 
caused by overhead athletic activities. During the late cocking phase of throwing there is 
a valgus load of up to 64 Nm, resulting in tensile forces medially, which exceed the native 
strength of the MUCL1. Thus injury of the MUCL of the elbow occurs most frequently in 
overhead athletes. 
Before Jobe et al. described a reconstruction technique for the MUCL in 1986, this injury 
was often career ending4. Conservative treatment of MUCL injuries in baseball players was 
indeed successful in only 42%5. Since Jobe’s original article, the interest in MUCL injuries 
has increased substantially and involved different kinds of sports activities such as baseball, 
football, soccer, tennis, javelin throwing, and gymnastics6-9. According to a recent systematic 
review by Vitale et al.10 the results of MUCL reconstruction evolved from 68% good results 
in the earliest study11 to 95% in the most recent study12. During this period there was an 
evolution of reconstruction techniques from Jobe’s figure-of-8 technique4 to the docking 
technique13 and subsequent modifications12, 14 to the docking technique. Most reports 
are based on American, Australian, or Asian athletes; reports on MUCL reconstruction in 
European athletes are rare. More recently, new fixation techniques were introduced such as 
the bioabsorbable interference screw fixation and interference knot fixation15-17. 
For reconstruction of the MUCL, palmaris longus tendon or gracilis tendon in absence of 
the palmaris longus is most often used4, 6, 12-14, 16, 18, 19. Based on worldwide population studies, 
the prevalence of absence of the palmaris longus tendon varies from 4.6% in Chinese20 to 
37.5% in Serbian21 people. Using the gracilis as graft is less attractive, as an uninjured knee 
is harmed by means of a technically demanding operation only to harvest a graft, with the 
risk of inadequate graft length22. Moreover, the gracilis cannot be used anymore in future 
anterior cruciate ligament surgery. As an alternative, the fascia overlying the triceps muscles 
can be used as an autograft. Biomechanical studies by Baumfeld et al. showed that the 
fascia overlying the triceps is strong enough to serve as a graft for MUCL reconstruction23. 
Previous reports using triceps tendon fascia graft have shown promising results24-26. The 
post-operative triceps strength was not diminished significantly according to Olsen et al. 
and Martin et al.25, 27. However, these conclusions are based on retrospective studies with 
small sample sizes of patients not performing overhead sport activities. Eygendaal et al. used 
triceps fascia grafts in athletes with good results by means of return to previous levels of 
sports, but did not specifically report on post-operative triceps strength24.
The purpose of this study was to evaluate the long-term results of MUCL reconstructions 
in a cohort of European athletes using the interference screw technique and triceps fascia 
as an autograft. The interference screw technique was used because of the easy and safe 
approach with minimal muscle dissection and risk to the ulnar nerve. The graft is fixated in 
more reliable anatomic bone tunnels according to the anterior bundle of the MUCL, with 
easy tensioning and without the risk of any bone bridge fractures. We hypothesized that 
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there would be good results after this easier and safe MUCL reconstruction with triceps 
fascia autograft and bioabsorbable interference screw fixation. 

Material and methods 
From 2001 through 2007, 20 consecutive athletes with MUCL insufficiency were treated 
with a surgical reconstruction by the senior author. Indications for reconstruction were 
medial sided elbow pain and/or symptomatic valgus instability caused by insufficiency of the 
MUCL. In all athletes a conservative treatment was attempted for at least 3 months under 
supervision of a physical therapist. The interference screw technique, with bioabsorbable 
screws (Arthrex Inc., Naples, FL, USA) was performed in all patients. 
The diagnosis was based on the history, physical examination, standard radiographs, and 
magnetic resonance imaging (MRI). All patients underwent a preoperative clinical assessment 
consisting of range of motion (ROM), assessment of (valgus) stability, and calculation of 
Mayo Elbow Performance Score (MEPS). Radiographs in anteriorposterior (AP) and lateral 
direction of the effected elbow were obtained before surgery. 
Postoperative clinical evaluation took place at 8 weeks, 6 months, and 1, 3, and 5 years, and 
consisted of ROM, strength, stability, neurological status, and standard radiographs in AP view 
and lateral direction. MRI arthrography was not routinely performed during postoperative 
evaluation. The MEPS questionnaires were completed. AP and lateral radiographs were 
assessed for fractures around the drill holes, heterotopic ossifications (HO), and position 
and absorption of the bioabsorbable interference screw. HO were classified according to 
Hastings and Graham28. 
Final results were graded on the Conway scale11: 
- Excellent: return to pre-injury level of competition for more than one season; 
- Good: return to play at a lower level of competition for more than one season; 
- Fair : able to play regularly at a recreational level; 
- Poor : unable to play at any level. 

Statistical analysis was performed using SPSS 16.0 for windows (SPSS Inc., Chicago, IL, USA) 
software. Statistical analysis was done using the paired t, sign, and Wilcoxon signed ranks 
tests to compare preoperative and postoperative changes in numerical data between 
groups. The results were considered statistically significant at P < .050. 

Surgical technique 
The patient is placed in supine position with the arm on a surgical hand table. The arm is 
routinely prepared and draped up to the shoulder and a sterile tourniquet is applied. An 
incision over the medial epicondyle is made and carried down through subcutaneous tissues 
while the ulnar nerve is protected. For harvesting of the graft, the incision is 3-4cm longer 
in comparison to traditional techniques. A release of the ulnar nerve was not routinely 
per- formed, unless there was a preoperative ulnar nerve dysfunction. A longitudinal split 
is made in the common flexor bundle29. The anatomic origin and insertion of the MUCL 
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are exposed. The triceps graft is collected through the same incision and measures about 
8-10cm in length and 1.5cm in width. It is harvested from the middle third part of the 
triceps fascia overlying the muscle bellies of the triceps tendon without damaging the lamina 
splendens (the muscular septum between the lateral head and the medial/long head of the 
triceps). The defect of the triceps fascia is not closed. The thickness of the graft averages 
2-mm. The graft is folded along its long axis and both ends of the graft are braided with 
Mersilene 000 Krakow stitches (figure 1). A 5-mm ulna drill hole is made just at the tubercle 
of the supinator crest with optimally a 2- or 3-mm distance between the articular surface 
and the ulna tunnel. The drill hole should be directed towards a point distal of the supinator 
crest on the lateral ulna. The drill hole is debrided with a curette to remove sharp bony 
edges to prevent trauma to the graft by the screw. The graft is fixed in the ulna with a 5.5-
mm bioabsorbable interference screw using the Bio-Tenodesis cannulated screw Driver 
(Arthrex Inc., Naples, FL, USA) (figures 2 and 3). Isometry is determined by holding the 
graft at the origin of the MUCL on the humerus during flexion and extension. At that point 
on the medial epicondyle a 5-mm tunnel is created and debrided with a curette to prevent 
blow out of the medial epicondyle. Two 1.5-mm exit holes are drilled from proximal to 
distal in the medial epicondyle, connecting to the larger tunnel and preserving a 5- to 8-mm 
bone bridge between the 2 smaller tunnels. In maximal supination with varus stress and 
60-70° of flexion, the graft is fixed with a second bioabsorbable 5.5-mm interference screw 
and the 2 suture ends are fixed to each other over the bone bridge. Any remnants of the 
original ligament are sutured over the graft for additional protection. The flexor muscle 
fascia is closed, the tourniquet is released, haemostasis is performed as necessary, and the 
skin is closed (see figure 4 for the final result). 

Figure 1: Triceps fascia graft prepared with Mercilene stitches. 

Figure 2: Triceps fascia graft and a bioabsorbable interference 

screw in detail.
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Figure 3: Graft fixation by a bioabsorbable interference screw.

Rehabilitation 
The arm is placed in 90° of flexion with neural rotation in a plaster splint for 1 week. After 
1 week, the ROM is steadily increased without restriction until full under strict guidance 
of a physical therapist. Muscle-building exercises were started, while care was taken not to 
apply a valgus stress at the elbow during this phase of rehabilitation. After 4 months, patients 
could gradually start with sporting activities according to sport specific protocols. 

Figure 4: Reconstruction overview of the MUCL with triceps fascia autograft fixated in the humerus and ulna by 2 

bioabsorbable interference screws.
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Results 
Of the 20 patients included in this study, the mean age at time of reconstruction was 22 
years (range, 18–35). Seven patients (35%) were men and 65% were female. The study 
group included 6 javelin throwers, 4 gymnasts, 3 judo players, 3 handball players, 2 baseball 
players, 1 swimmer, and 1 horseman. All had medial sided elbow pain and all had a grade 3 
valgus instability, consistent with MUCL insufficiency. Ulnar nerve symptoms were present in 
4 patients (20%), but there were no nerve conduction studies performed as the symptoms 
in all cases decreased spontaneously. An acute trauma was the cause of MUCL rupture in 
12 patients (60%). The mean preoperative MEPS was 82 points (range, 70–90). There were 
no significant differences in gender distribution, age, and Conway scale between patients 
with or without an acute trauma of the MUCL. Demographic data are presented in table 1. 
The mean time between onset of symptoms and MUCL reconstruction was 19 months 
(range, 3–40). During this period, most patients participated in a rehabilitation course 
consisting of rest, physical therapy, and a structured attempt to return in sporting activities. 
No patients were lost to follow-up, and at a mean follow-up of 55 months (range, 36–94) 
the mean MEPS improved to 91 points (range, 80–100); P <0.001 (95%CI of the difference 
3.96–13.54). The mean MEPS improved significantly more in patients who had an acute 
MUCL trauma compared to the patients who had attritional tears; P=0.022.  

Table 1: demographic data.

Case Gender Age
Acute 
trauma

Sport
Follow-up 
(months)

MEPS
Pre-op

MEPS
Post-op

Quitted (after
… months)

Conway 
scale

1 F 18 1 Judo 49 90 100 N E
2 M 24 1 baseball 50 80 100 Y (>30) E
3 M 19 1 Javelin 66 80 90 N E
4 F 18 0 Gymnast 58 90 90 N E
5 F 19 1 Handball 36 70 90 N E
6 F 18 0 Gymnast 60 90 100 N E
7 F 25 0 Javelin 94 80 90 Y (>24) E
8 M 18 0 Javelin 64 80 70 N E
9 M 31 0 Handball 46 80 90 N E
10 F 18 0 Baseball 60 90 80 N E
11 F 35 0 Judo 60 90 90 N E
12 F 20 1 Gymnast 64 80 85 N E
13 F 18 1 Javelin 42 80 90 N E
14 M 18 1 Gymnast 47 90 80 Y (<12) E
15 F 20 1 Swimmer 54 90 100 Y (>36) E
16 M 29 0 Javelin 46 80 90 Y (>36) P
17 F 28 1 Handball 48 80 100 N E
18 F 26 1 Horseman 47 60 80 Y (<12) P
19 M 20 1 Javelin 49 80 100 N E
20 F 26 1 Judo 59 80 100 N E

E = excellent, F = female, M = male, N = no, P = poor, Y = yes. MEPS = Mayo elbow performance score.
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Six patients (30%), of whom 3 were female, quit the sport activities they were preoperatively 
participating in, all because of reasons unrelated to the MUCL reconstruction. Two patients 
left sports within 1 year after reconstruction (1 because of persistent posterior impingement 
and 1 because of financial reasons) and 4 patients stopped after they returned at their pre-
injury level for 2 or more years following surgery. This group consisted of 2 javelin throwers, 
1 baseball player, 1 gymnast, 1 swimmer, and 1 horseman. The other 14 patients returned 
and continued to play at their pre-injury sports level. Of the 20 patients, 18 (90%) had 
excellent results on the Conway scale while 2 experienced poor results. All patients had a 
clinically stable MUCL. 
There were no postoperative infectious complications. One patient had a persistent ulnar 
nerve dysfunction. At radiological follow-up, there were 2 patients (10%) with signs of HO 
classified as Hastings and Graham class 1. The latter 2 patients had an arc of ulnohumeral 
motion of 100° (turner, continued playing) and 120° (horseman, quit within 1 year). There 
were no signs of malposition of the bioabsorbable interference screws or fractures around 
the bone tunnels. None of the patients required additional surgeries later on their elbows. 

Discussion 
The interference screw technique was first described by Ahmad et al.15 in a controlled 
laboratory study in 2003, where they tested 10 matched pairs of elbows divided in a 
control group and reconstruction group with a metal screw in the ulna and humerus. The 
elbows were tested for a maximum load at 70° flexion. Pair wise comparison of the control 
and reconstructed elbow showed that the ultimate moment of the constructed elbow was 
95% of the intact elbow. In 60% was the mode of failure graft rupture. Furthermore, they 
suggested that this technique is technically less demanding with one ulna tunnel, and the risk 
to damage the ulnar nerve is lowered. 
Two years later, Armstrong et al.30 reported about a biomechanical comparison of 4 MUCL 
reconstruction techniques. The 4 reconstruction techniques included figure-8 reconstruction, 
docking technique, Endobutton fixation, and the interference metal screw technique. The 
interference screw technique was inferior to the docking technique and the Endobutton in 
means of peak load. They found it difficult to introduce the interference screw in the ulna 
without damaging the graft, because the graft was cut by the screw threads. A possible 
explanation for this is the use of metal screws that are too hard and sharp. Also, they used 
a single-strand graft. Subsequently, there were 3 laboratory studies published in 2007 that 
evaluated the interference screw technique31-33. Furukawa et al.31 compared the docking 
technique with the interference metal screw technique with the use of a palmaris longus 
graft versus a GraftJacket (modified dermal allograft tissue) graft. With the use of a palmaris 
longus graft the results for the docking technique and interference screw technique were 
comparable. Modes of failure were graft slippage (46%) and graft rupture in 15%. Large et 
al.32 compared the interference metal screw technique with Jobe’s figure-8 technique and 
found the latter to be superior for reconstruction stiffness and work required to produce 
10° of angular displacement. 
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The last group that biomechanically evaluated the interference screw technique was 
McAdams et al.33 They compared the interference bioabsorbable screw technique with the 
docking technique after cyclic loading. The interference screw reconstruction was significantly 
more stiffer than the docking technique with regard to resistance to valgus torque. Based on 
the previously mentioned 5 biomechanical studies, it is unclear which MUCL reconstruction 
technique is the best (table 2). Only McAdams et al. used bio- absorbable screws, and they 
found no failures at the interference screw site33. In contrast, Armstrong et al., Furukawa et 
al., and Large et al. used metal screws to prevent graft slippage and noticed graft slippage 
in 70% and 100% of cases, respectively30-32. A biomechanical study by Hurbanek et al.34 
evaluating the addition of a bioabsorbable interference screw at the humeral side of the 
docking technique, resulted in a laxity no different than the intact native MUCL. Among the 
failures, the graft slipped past the undersized screw 4 times34. Interestingly, Ahmad et al.15 
and Armstrong et al.30 used 5.0-mm screws for 5.0-mm tunnels, Large et al.32 used 5.0-mm 
screws for tunnels with a diameter of 5.5-mm, and Hurbanek et al.34 used a 4.75- mm screw 
for a 5.0-mm tunnel, whereas McAdams et al.33 used an oversized screw of 4.75 mm for a 
tunnel of 4.5 mm. 

To our knowledge, this is the first clinical outcome study evaluating the interference screw 
technique to reconstruct the MUCL at the elbow. At a mean follow-up of 55 months there 
were no clinical signs of graft failure. Radiological evaluation showed no complications at the 
interference screw site. In this study, we have used 5.5-mm bio-absorbable screws for 5.0-
mm tunnels. This might create a better graft fixation in the tunnel to prevent slippage, while 

5

Table 2: comparison of the interference screw technique in the literature.
Author Year Test Graft Screw Comparison Results

Ahmad et al 2003 1. failure load.
2. stiffness. Palmaris longus Metal 1. Intact UCL

1. IST failure load of 95% of 
intact UCL.
2. intact UCL sig. greater 
stiffness than IST.

Armstrong et al 2005
1. failure load.
2. cycles. Palmaris longus Metal

1. figure-of-8
2. docking
3. endobutton

1. docking sig. greater failure 
load than IST.
2. no sig. difference in cycles 
between IST and other 
techniques.

Furukawa et al 2007 1. failure load.
2. cycles. Palmaris longus* Metal 1. docking

1. no sig. difference for failure 
load.
2. no sig. difference in number 
of cycles. 

Large et al 2007 1. stiffness.
2. work to achieve 10º ang Hamstring allograft Metal 1. intact UCL

2. figure-of-8

1. intact UCL sig. greater 
stiffness than IST.
2. sig. more work in figure-
of-8 compared to IST.

McAdams et al 2007 1. cyclic failure number.
2. valgus angle opening. Palmaris longus Bioabs. 1. intact UCL

2. docking

1. no sig. difference in number 
of cycles.
2. at cycle 10 and 100 sig. 
more valgus opening of 
docking compared to IST. 
3. at cycle 1000 sig. more 
valgus opening of docking 
and IST compared to intact.

Ang, angular displacement; bioabs, bioabsorbable; IST, Interference Screw Technique; sig., significant; 
* comparison with Graftjacket as graft is not presented since it has not been used in clinical studies. 
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the stress in the tunnel is within limits in relation to fractures around the tunnel. We believe 
that oversized screws are safe as long as they are bioabsorbable, as there were no fractures 
associated with screw insertion both in this study as well as McAdams et al.33. Based on the 
previously mentioned biomechanical studies and this study is graft fixation with oversized 
bioabsorbable screws superior, as the combination of oversizing and bioabsorbable screws 
was the only one that resulted in no complications. Furthermore, we prefer bioabsorbable 
interference screws, as these screws can be replaced by normal bone. However, in all 
patients, the drill holes are still visible on radiographs at latest follow-up and replacement by 
normal bone was not seen in any case. 
In this study, there were no complications related to the triceps tendon graft. The use of a 
triceps fascia autograft for reconstructions around the elbow was first described by Olsen 
et al. in 200327. The use of triceps tendon fascia autograft overcomes the problem of patients 
with an absent palmaris longus tendon. As previously mentioned, this problem might occur 
in up to 37.5% of patients; it is also suggested that this tendon might be even disappearing 
in humans21. Biomechanical studies evaluating tendon property found failure load of 706 N 
for the triceps fascia, which exceed the palmaris longus (357 N) and the anterior band of 
the MUCL (260 N)23, 26, 35. This indicates that a triceps tendon autograft is able to withstand 
sufficient forces when used to reconstruct the MUCL. Furthermore, the use of triceps 
autograft has the advantage that it can be harvested by using the same incision. This last 
advantage also counts for the flexor carpi ulnaris (FCU) aponeurosis autograft. Slulittel 
et al. described a MUCL reconstruction technique using this graft in 12 patients with 3 
postoperative complications: 1 patient with an ulnar nerve hyperesthesia, 1 with a flexion 
contracture, and 1 with residual instability36. Unfortunately, they did not describe clinical 
outcome measures or return to sports. The FCU aponeurosis, to our knowledge, has not 
been biomechanically tested. It is therefore unknown whether it is strong enough to serve 
as a MUCL graft. However, it is an interesting graft source and deserves further investigation 
to its clinical usefulness. 
This cohort of patients had a relatively high percentage of athletes who had quit their 
sport activities, even after a successful ‘come-back’ surgery, without elbow complaints. One 
possible explanation is that most athletes in this study did not play at a professional level 
and, therefore, did not financially depend on their sport performances. The surgeon treating 
European athletes should be aware of this phenomena, as the rehabilitation after MUCL 
reconstruction is long, and the time of successful playing after reconstruction in this specific 
group of European athletes is short. These phenomena should be taken into consideration 
in the decision to advice an MUCL reconstruction in all European athletes. All European 
surgeons and athletes should be aware that the indication for and results after MUCL 
surgery are not comparable to those in American and Asian reports. 
In previous reports, 99% of the MUCL reconstructions was done on male patients10. Male 
patients represent a 35% minority in this study. However, among the patients who quit 
sports were 3 male and 3 female patients. Thus 43% of the male and 23% of the female 
patients gave up sports activities. The relatively high amount of patients that quit sports 
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seems to be unrelated to the male-female distribution in this cohort. Another point of 
interest is the wide variety of sports practiced in this study, with throwing sports accounting 
for 55% (11 patients). In this subgroup of throwing athletes, 1 patient stopped within 1 year 
because of persistent posterior impingement and 2 patients stopped after 2.5 and 3 years, 
respectively, because of financial reasons and low back pain. The good results in this varied 
population may not guarantee good results in pitchers and other high demanding overhead 
athletes. 
The current study has several limitations. First, with 20 patients included, the sample size is 
small and the surgeon performed just around 3 MUCL reconstructions each year. Second, 
it is a retrospective analysis, not comparing different techniques. Third, the MEPS score 
focuses primarily on elbow function during daily life activities and not on sport activities. The 
Conway score describes the level to which the patient returns in sports, but lacks in patient 
reported outcome and may therefore report a discrepancy between the actual result of the 
reconstruction and postoperative level of sports. Unfortunately, patient-reported outcome 
measures such as the sport DASH and Andrews-Carson elbow outcome scores were not 
validated for Dutch practice in 2001. 
This is the first clinical outcome study to evaluate the bioabsorbable interference screw and 
a triceps tendon fascia autograft for MUCL reconstructions. Although the number of patients 
included is limited, good results were obtained in most cases with good postoperative 
MEPS scores and clinically stable MUCL. 

Conclusion 
Triceps fascia can be used for MUCL reconstruction as an alternative graft for the palmaris 
longus tendon. The interference screw technique is a simple and safe technique to restore 
valgus stability in the elbow. The technique and graft should be further evaluated for its use 
in high-level pitchers or overhead sports performers. The dropout in European athletes, 
even after successful reconstruction, is high and should be taken into account during the 
decision making for MUCL surgery. 

5
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