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	 Background:	 To date, no consensus has been reached regarding the preferred fixation method to use in the repair of distal 
biceps brachii tendon rupture. The aim of this study was to clinically and functionally (Mayo Elbow Performance 
Index, MEPI) assess the upper limb after surgical anatomic reinsertion of the distal biceps brachii tendon with 
the use of suture anchor fixation method with regard to postoperative time and limb dominance, and to as-
sess postoperative complications.

	 Material/Methods:	 The sample comprised 18 males (age 52.09±8.89 years) after surgical anatomical distal biceps brachii rein-
sertion using suture anchor fixation. A comprehensive clinical and functional evaluation and pain assessment 
were performed.

	 Results:	 In terms of postoperative complications, an isolated case of surgical site sensory disturbances was noted. 
Circumferences (p-value 0.21–1.00) and ROM (p-value 0.07–1.00) were similar in the operated and nonoperat-
ed limbs. The isometric torque (IT) values of muscles flexing and supinating the forearm were comparable in 
both limbs (p-value 0.14–0.95), but in patients with the operated dominant limb, the mean IT value was not 
higher than the value obtained in the nonoperated nondominant one. The MEPI indicated good and excellent 
results (80.00±15.00–90.00±8.66 points), but a detailed individual analysis showed that reported scores were 
not in line with objectively measured features.

	 Conclusions:	 The results of the comprehensive retrospective evaluation justify the clinical use of suture anchors fixation 
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patient should always report both subjective and objective measures.
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Background

Distal biceps tendon rupture is a relatively uncommon injury, 
accounting for about 3% of all biceps tendon injuries [1]. An 
excessive eccentric contraction of the biceps brachii with the 
flexed and supinated forearm is the most commonly described 
mechanism of the injury [2]. The majority of patients with dis-
tal biceps tendon ruptures are males in their fourth to fifth 
decade of life, and the ruptures mainly occur in the dominant 
limb [3]. Among physical exam manoeuvres, the “hook” test 
and the squeeze test have high sensitivity and specificity for 
assessment of distal biceps tendon avulsions and have been 
described in the literature [4,5]. The biceps crease interval test 
validity and reliability as a diagnostic tool have also been ana-
lyzed [6]. In terms of imaging, ultrasound has been described 
as being useful, fast, and relatively inexpensive, but it is a us-
er-dependent diagnostic tool (Figures 1, 2) [7].

Management options for distal biceps tendon rupture include 
nonoperative and operative treatment. Because of a signifi-
cant operated limb forearm supination and flexion strength 
and endurance loss in patients treated nonoperatively in com-
parison to operatively treated groups [8–10], the nonopera-
tive treatment concerns mainly older, low-demand patients 
and those with significant risks for surgery. Treatment options 
for the distal biceps tendon rupture also include either one- 
or two-incision techniques [11]. Several complications after 
surgical treatment have been reported, including nerve inju-
ries, heterotopic ossification, and re-ruptures [1].To date, no 
consensus has been reached regarding the preferred fixation 
method [12], including suture anchors [13–15], bone tunnels, 
interference screws [16,17], or cortical buttons [18–20]. The 
cortical button method has higher load to failure, as confirmed 
in biomechanical tests [21,22]. However, it still has not been 
proven clinically [23,24], and suture anchor repairs also per-
formed very well [22,25–27].

The aim of the study was three-fold: firstly, to clinically and 
functionally assess the upper limb after surgical anatomic re-
insertion of the distal biceps brachii tendon with the use of 
suture anchor fixation method with regard to postoperative 
time and limb dominance; secondly, to feature postoperative 
complications; and thirdly, to analyze relationships between 
objective data and subjective outcome scores.

Material and Methods

The study was a retrospective cohort study in which the eval-
uation was performed in patients who underwent surgical an-
atomic reinsertion of the distal biceps brachii tendon in the 
Department and Clinic of Traumatology and Hand Surgery, 
Medical University in Wroclaw. The measurements were per-
formed in 2016 in the Center of Rehabilitation and Medical 
Education in Wroclaw and the College of Physiotherapy in 
Wroclaw. The study was carried out according to the ethics 
guidelines and principles of the Declaration of Helsinki. All 
participants of the present study were informed about the 
goal of the study and approach to be used. The study was ap-
proved by the Bioethics Committee of the Medical University 
in Wroclaw (KB – 515/2016) and written informed consent 
forms were signed by all of the participants prior to the study.

The initial sample consisted of 23 patients who were operated 
on between November 2009 and January 2016 and contact-
ed for clinical and functional evaluation by phone. The mean 
age of participants in the initial sample at the time of injury 
was 45.96±9.17 years. The initial sample comprised only male 
participants, as no females were diagnosed with distal biceps 
tendon rupture. The final sample comprised 18 patients who 
answered the phone and agreed to take part in the study. The 
exclusion criteria included any injuries to the operated limb 
(n=0) and/or contralateral limb (n=0) at the time between the 
surgery and performed measurements. The mean age of pa-
tients from the studied group at the time of measurements 

Figure 1. �Transverse sonogram showing rupture of the distal 
biceps tendon fibers.

Figure 2. �Longitudinal sonogram showing rupture of the distal 
biceps tendon fibers.
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was 52.09±8.89 years. The mean body mass was 93.18±13.59 
kg and body height was 175.27±4.47 cm. In 82% of patients, 
the dominant upper limb was a right one. The dominant limb 
was operated on in 27% of patients. The mean follow-up was 
47 months, ranging from 7 months up to 88 months; thus, for 
the purposes of data interpretation, the patients were first di-
vided into 2 groups: patients less than 2 years postoperative 
and patients more than 2 years postoperative. Additionally, 
among the 2 studied groups, the patients were divided re-
garding the limb dominance into patients with operated dom-
inant limb and patients with operated nondominant limb. In 
the group of patients less than 2 years postoperative, there 
were no patients with operated dominant limb; thus, finally 
there were analyzed 3 groups: patients less than 2 years post-
operative with operated nondominant limb (Group I), patients 
more than 2 years postoperative with operated dominant limb 
(Group II), and patients more than 2 years postoperative with 
operated nondominant limb (Group III).

Surgical procedure

The surgical approach was single-incision. A transverse incision 
2–3 cm distally to the antecubital fossa crease was performed. 

Ruptured biceps brachii tendon was visualized (Figures 3, 4) 
and small debridement was performed. Consecutively, the bra-
chioradialis muscle and lateral cutaneous nerve of the fore-
arm were identified. Then, with the forearm in full supination 
and extension, the radial bicipital tuberosity was exposed 
(Figure 5), which allowed us to visualize the footprint for re-
attachment of the biceps tendon and to protect the posterior 
nerve interosseous (PIN). Then, one 5.0 mm titanium suture 
anchor (Figure 6) or two 3.0 mm titanium anchors (Ti-Screw 
Suture Anchor, The Biomet Sports Medicine, USA) were insert-
ed. With the forearm positioned in full range of supination and 

Figure 3. �Intraoperative visualization of a ruptured distal biceps 
brachii tendon.

Figure 6. �Intraoperative fluoroscopic image of the 5.0 mm suture 
anchor fixation on the radial bicipital tuberosity.

Figure 5. �Intraoperative visualization of the radial bicipital 
tuberosity.

Figure 4. �Intraoperative exposition of a ruptured distal biceps 
brachii tendon.
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30° of elbow flexion, the distal biceps tendon was reattached 
by Krakow suture. In all cases, postsurgical radiological imag-
ing was performed aiming to confirm the accurateness of 1 su-
ture anchor (Figure 7) or 2 suture anchors fixation (Figure 8). 
There were 11 patients operated on with the use of 1 anchor 
and 7 patients with 2 anchors.

Postoperative physiotherapeutic procedure

On the day when patients were discharged from the hospital, 
they were provided with a sling and advised that it can be re-
moved after 4 weeks, and the elbow mobilized as tolerated. 
The patients were also directed to out-patient clinics to un-
dergo physiotherapy.

Based on the information gained from patient histories, the 
time of postoperative supervised physiotherapeutic procedure 
lasted 3.55±3.98 weeks, including physical treatments like lo-
cal cryotherapy, low-level laser therapy, and magnetic thera-
py, and exercise of the operated elbow joint.

Clinical and functional assessment

Clinical assessment

The clinical assessment started with a detailed history. 
Information concerning the injury circumstances and the 
time between the injury and surgery was gained. Also, infor-
mation about the postoperative physiotherapeutic procedure 
was recorded. Postoperative complications were document-
ed. Subsequently, the physical examination was carried out 
(inspection, palpation, elbow joint stability evaluation, the 
measurements of arm circumference, range of motion, and 
strength measurements). The physical examination was fol-
lowed by specific diagnostic manoeuvres excluding eventual 
reinjury of the distal biceps tendon, and diagnostic imaging 
like radiographs and ultrasound were performed. The clinical 
examination was supported by functional evaluation of an el-
bow, based on pain assessment and elbow self-report mea-
sures [28]. The arm circumference was measured bilaterally on 
its thickest level starting with the nonoperated limb and car-
ried out on the same level in the operated one, with olecranon 
distance as the reference. Circumferences were measured in 
a seated position with relaxed arms along the trunk and ex-
tended elbow joints. Active range of motion (ROM) of the el-
bow and forearm were measured bilaterally using a standard 
goniometer [29]. The patients underwent the measurements 
of the maximal isometric torque (IT) of forearm flexors and 
supinators muscles with the use of the Biodex 3 System. The 
measurements were carried out in a seated position. Patients 
were stabilized with shoulder and waist straps. The arm of the 
measured limb was slightly abducted and the elbow joint was 
resting on a limb support with securing strap. Consistent ver-
bal commands were used. The measurements were performed 
bilaterally starting with the uninvolved limb. Between the mea-
surements of particular muscle groups there was a break last-
ing 15 min. The IT measurement of muscles flexing the fore-
arm were performed with the studied elbow flexed at 75° and 
forearm in the neutral position (Figure 9). Patients performed 

Figure 7. �A postoperative radiograph showing one 5.0 mm 
suture anchor fixated on the proximal cortex of the 
radius.

Figure 9. �The measurement position of isometric torque of 
muscles flexing the forearm.

Figure 8. �A postoperative radiograph showing two 3.0 mm 
suture anchors fixated on the proximal cortex of the 
radius.
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2 maximal 5-s contractions divided by a break that lasted for 
10 s. The torque measurements of muscles supinating the fore-
arm were carried out with the elbow flexed at 90° and neutral 
forearm position (Figure 10). Patients also performed 2 max-
imal 10-s contractions with a 40-s break between them. The 
contraction with the higher obtained IT value was analyzed.

Pain assessment

The level of pain intensity of the operated limb at the day of 
measurements was evaluated using a 100-mm visual ana-
logue scale (VAS) [30,31]. Additionally, patients were asked to 
describe the intensity of pain at the moment of injury, with 
the use of VAS.

Functional assessment

Functional patient-oriented evaluation used the Mayo Elbow 
Performance Index (MEPI). MEPI scores were obtained only 
from the operative extremity. The final score in MEPI ranges 
from 5 to 100 points, with the higher scores indicating better 
function [32]. A total score of 90–100 points indicates an ex-
cellent result, 75–89 good, 60–74 fair, and less than 60 con-
sidered as a poor result [33].

Statistical analysis

Statistical analysis was performed with IBM SPSS Statistics 
20. The mean value (x) and standard deviation (SD) were cal-
culated for studied features. Obtained IT values [Nm] of mus-
cles flexing and supinating the forearm were normalized to 
body mass and expressed in Nm*kg–1. Prior to the intra-group 
analysis, for the comparison of the operated and nonoperat-
ed limb, the Shapiro-Wilk test was used to examine distribu-
tion of studied features [34]. When the p-value was <0.05, the 
non-parametric Wilcoxon signed-rank test was used, and when 
p-value was >0.05 the paired t-test for 2 related samples was 
used. A p-value of <0.05 was considered statistically significant.

Results

Circumstances of the Injury

All patients had a trauma mechanism of injury. Forty-five per-
cent of patients were office workers with injury resulting from 
leisure activity and domestic duties such as gardening with a 
strong pull or catching action. The rest of the studied patients 
(55%) were manual workers with work-related injury (83%) or 
domestic-related injuries (27%); the most often described in-
jury circumstances were lifting, catching, pulling, and push-
ing a heavy object. The pain intensity at the moment of injury 
was estimated by patients to exceed 64.55±38.30 mm. All of 
the studied patients were treated acutely. The mean time be-
tween the injury and surgery was 6.82±9.90 days.

Postoperative complications

In Group I, there was 1 case of surgical site pain (VAS=10 mm) 
occurring during maximal biceps brachii contraction and 1 pa-
tient reported pain (VAS=10 mm) occurring in the surgical site 
after high-level physical effort. Because the result of 10 mm in 
the VAS is close to no pain, it does not seem to have any clin-
ical relevance. In Group II, in 1 case sensory disturbances like 
tingling in the surgical site was observed (paraesthesia). One 
patient in Group III reported tenderness in the soft tissue of 
the surgical site. There were no abnormalities in terms of ul-
trasound examination and radiographic imaging of the surgi-
cal site any of the studied patients. No distal biceps tendon 
rerupture was noted.

Arm circumference measurements results

In Group I, the mean obtained value of arm circumference 
in the operated limb was comparable to the mean value ob-
tained in the nonoperated one (p-value=1.00). In Group II (p-
value=1.00) and Group III (p-value=0.21), the obtained mean 
value in the operated limb was insignificantly lower than the 
value of arm circumference in the nonoperated limb (Table 1).

Range of motion measurements results

The results of ROM measurements were comparable in the op-
erated and nonoperated limbs in patients in Group I (p-values 
0.18–1.00), Group II (p-values 0.32–1.00), and Group III (p-val-
ues 0.07-0.66), (Table 2). In Group I, one patient had a flexion 
contracture of 2°. In Group III, one patient had a flexion con-
tracture 6° and 2 had a 1° flexion contracture. One of the pa-
tients in the Group I did not regain full ROM of flexion in the 
operated limb (110°). In patients in Group II, in the operated 
limb ROM of supination 70° was noted in 1 participant. In Group 
III, the full ROM was not regained in 1 patient in the operat-
ed limb (118°). The full ROM of supination was not restored 

Figure 10. �The measurement position of isometric torque of 
muscles supinating the forearm.
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in 4 cases in Group III. Those 4 patients obtained 50° (n=1), 
65° (n=1), and 70° (n=2) of forearm supination.

Muscle strength measurements results

We found no statistically significant differences between the 
operated and nonoperated limbs in obtained and normal-
ized to body mass IT values of muscles flexing the forearm 
in Group I (p-value=0.29), Group II (p-value=0.95), and Group 

III (p-value=0.14), (Table 3). The comparison of normalized to 
body mass IT values of muscles supinating the forearm also 
showed no differences between the operated and nonoper-
ated limb in Group I (p-value=0.21), Group II (p-value=0.60), 
and Group III (p-value=0.17). The values obtained in Group I 
and Group III in case of operated nondominant limbs were 
lower comparing to nonoperated dominant limbs. However, in 
Group II, the values obtained in operated dominant limbs were 
not higher that values obtained in nonoperated nondominant 

Range of motion (°)

Operated limb Nonoperated limb
p-value

x SD x SD

Group I

Extension 0.67 1.15 0.00 0.00 0.32

Flexion 124.00 12.17 127.33 4.62 0.66

Supination 90.00 0.00 90.00 0.00 1.00

Pronation 65.00 21.79 86.67 5.77 0.18

Group II

Extension 0.00 0.00 0.00 0.00 1.00

Flexion 127.67 8.74 131.00 3.61 0.42

Supination 80.00 10.00 86.67 5.77 0.32

Pronation 80.00 10.00 86.67 5.77 0.32

Group III

Extension 1.60 2.51 0.20 0.45 0.10

Flexion 131.80 4.60 130.00 0.00 0.66

Supination 69.00 14.32 86.00 5.48 0.07

Pronation 76.00 19.49 86.00 5.48 0.19

Table 2. �The comparison of obtained range of motion values between operated and nonoperated limbs with regard to postoperative 
time and limb dominance.

Group I – patients less than two years postoperatively with operated nondominant limb; Group II – patients more than two years 
postoperatively with operated dominant limp; Group III – patients more than three years postoperatively with operated nondominant 
limb; p-value – significance level; SD – standard deviation; x – arithmetic mean.

Arm circumference (cm)

Operated limb Nonoperated limb
p-value

x SD x SD

Group I 38.33 6.03 38.33 5.03 1.00

Group II 31.00 2.65 31.00 3.00 1.00

Group III 35.80 1.10 37.20 2.95 0.21

Table 1. �The comparison of obtained arms circumferences values between operated and nonoperated limbs with regard to 
postoperative time and limb dominance.

Group I – patients less than two years postoperatively with operated nondominant limb; Group II – patients more than two years 
postoperatively with operated dominant limp; Group III – patients more than three years postoperatively with operated nondominant 
limb; p-value – significance level; SD – standard deviation; x – arithmetic mean.
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ones, which means that even though the operated limbs were 
dominant ones, they did not regain strength on a higher lev-
el in comparison to the second limb.

Pain and functional assessment results

On the day of measurements, the patients from Group I, Group 
II, and Group III estimated pain intensity to be 3.33±5.77 mm, 
1.67±2.89, mm and 4.00±5.48 mm, respectively. The results 
were close to no pain and were clinically irrelevant. The MEPI 
results (Figure 11) were excellent (90.00±8.66) in Group I and 
good (83.33±12.58 and 80.00±15.00) in Group II and Group III.

Objective data vs. subjective scores

For the purposes of objective data vs. subjective scores, the 
patients with the highest and the lowest subjective assess-
ment values were selected from each group and presented in 
Table 4. The comparison reveals that in some cases the func-
tional assessment results is better in comparison to objective-
ly measured data, while on other cases the functional assess-
ment is considered worse that the results of objective physical 
assessment. In Group I, the MEPI result of a patient with a flex-
ion contracture of 2° and 25° less ROM pronation in compar-
ison to the nonoperated limb was 100. Another patient from 
Group I with a full ROM of extension, pronation, and supina-
tion, and 12° of difference of flexion between operated and 
nonoperated limbs, resulted with a good score in MEPI. One 
of the patients from the same group, with a good MEPI result, 
had a full ROM, except for a 40° difference in supination com-
pared to the nonoperated limb. Nevertheless, the patients with 
good MEPI result had pain in the surgical site during maximal 
biceps brachii contraction or after high-level physical effort. In 
Group II, a patient with the highest “excellent” MEPI result (95 

scores) had full ROM and reported no complications, while an-
other patient with full ROM and no complications had a “good” 
MEPI result. The lowest MEPI value obtained in the same group 
was noted in a patient with 10° of difference in flexion, 20° of 
pronation, and 20° of supination in comparison to the nonop-
erated limb, and tenderness at the surgical site. None of the 
patients in Group II had 100 scores in the MEPI. In Group III, 
the patient with the highest (100) MEPI result had a 20° dif-
ference in ROM of supination in comparison to the nonoper-
ated limb, and reported sensory disturbances like tingling in 
the surgical site (paraesthesia). Two patients with the lowest 
MEPI result (65 scores) did not report any postoperative com-
plications; one of them had a 6° flexion contracture, 30° of 
ROM of pronation and supination difference between operat-
ed and nonoperated limb, and the second one had a 20° dif-
ference in ROM of supination.

Discussion

The etiology of the injury

According to a study by Safran and Graham (2002), the distal 
biceps tendon rupture affects mostly males in their fourth de-
cade of life [35]. The findings of the present study were in a 
line with other authors, as the mean age of participants at the 
time of injury was 46 years and the initial sample comprised 
only male participants. However, in the Safran and Graham 
(2002) study, the dominant extremity was involved in 86% of 
patients, while in the present study the dominant limb was the 
operated one only in 27% of patients enrolled into the study. 
Nevertheless, the disproportion might be a result of a small 
sample and does not seem to be clinically relevant. In all stud-
ied participants, the distal biceps brachii tendon injury had a 

Normalized maximal IT of muscles flexing and supinating the forearm (Nm*kg–1)

Operated limb Nonoperated limb
p-value

x SD x SD

Group I
Flexion 0.55 0.09 0.61 0.14 0.29

Supination 0.09 0.02 0.13 0.04 0.21

Group II
Flexion 0.48 0.22 0.49 0.14 0.95

Supination 0.10 0.03 0.12 0.04 0.60

Group III
Flexion 0.40 0.14 0.46 0.14 0.14

Supination 0.08 0.03 0.10 0.03 0.17

Table 3. �The comparison of obtained normalized maximal isometric torque values of muscles flexing and supinating the forearm 
between operated and nonoperated limbs with regard to postoperative time and limb dominance.

Group I – patients less than two years postoperatively with operated nondominant limb; Group II – patients more than two years 
postoperatively with operated dominant limp; Group III – patients more than three years postoperatively with operated nondominant 
limb; IT – isometric torque; p-value – significance level; SD – standard deviation; x – arithmetic mean.
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trauma mechanism (e.g., lifting, catching, pulling, and push-
ing a heavy object), and occurred mostly in physical workers 
(55%) while at work (83%).

Postoperative complications

The surgical approaches utilizing in the distal biceps tendon 
repair can be divided into either one-incision or two-incision 
technique. The two-incision technique is most commonly used 
in bone tunnel fixation and the one-incision technique utiliz-
ing several fixation techniques like suture anchors or corti-
cal buttons [11]. The two-incision approaches are considered 

to recreate the normal anatomy more accurately, but there 
is still no clear evidence suggesting that this approach has a 
significant advantage [11]. In the present study, the one-in-
cision technique was used. Originally, the one-incision tech-
nique was associated with a high rate of nerve palsies [36]. 
In 1993, Barnes et al. introduced and evaluated a new tech-
nique using anatomical reinsertion of a ruptured distal biceps 
brachii tendon through a single incision with the use of su-
ture anchors fixation (3 Mitek anchors) in 4 patients an aver-
age of 7 months after the operation [37]. The study results in-
dicated suture anchors are comparable with other techniques 
and minimize the possibility of radio-ulnar synostosis, and 

Studied group I* I I** II II II III*** III

Age (years) 41 42 43 57 68 55 43 60

Body weight (kg) 93 78 110 92 123 77 96 81

Body height (cm) 180 170 176 172 182 175 170 182

Operated limb R R L L L R L R

Dominant limb L L R R R R R R

Operated limb arm circumference (cm) 39 32 44 34 36 32 37 28

Nonoperated limb arm circumference (cm) 39 33 43 34 36 31 42 28

Operated limb ROM extension (°) 0 2 0 6 1 0 0 0

Nonoperated limb ROM extension (°) 0 0 0 1 –1 0 0 0

Operated limb ROM flexion (°) 130 132 110 130 130 135 129 130

Nonoperated limb flexion (°) 130 130 122 130 130 135 130 130

Operated limb pronation (°) 50 55 90 50 90 90 90 80

Nonoperated limb pronation (°) 90 80 90 80 90 90 90 80

Operated limb supination (°) 90 90 90 50 70 90 70 80

Nonoperated limb supination (°) 90 90 90 80 90 90 90 80

VAS (mm) 10 0 0 0 0 0 10 0

Postoperative physiotherapy duration (weeks) 2 12 0 8 6 0 2 3

MEPI 85 100 85 65 65 95 100 85

IT of forearm flexors, operated limb (Nm*kg–1) 0.57 0.77 0.48 0.43 0.19 0.49 0.45 0.70

IT of forearm flexors, nonoperated limb (Nm*kg–1) 0.49 0.65 0.50 0.52 0.22 0.51 0.60 0.62

IT of forearm supinators, operated limb (Nm*kg–1) 0.06 0.10 0.10 0.11 0.10 0.14 0.05 0.08

IT of forearm supinators, nonoperated limb (Nm*kg–1) 0.11 0.10 0.17 0.11 0.10 0.11 0.09 0.16

Table 4. The individual detailed analysis of patients with the highest and lowest subjective scores results obtained in each group.

* Pain in the surgical site occurring during maximal biceps contraction (VAS=10 mm/close to none pain); ** Pain in the surgical site 
occurring after high level activity (VAS=10 mm/close to none pain); *** Tingling in the surgical site. IT – normalized maximal isometric 
torque; MEPI – Mayo Elbow Performance Index; VAS – visual analogue scale; I – group of patients less than two years postoperatively 
with operated nondominant limb; II – group of patients more than two years postoperatively with operated dominant limb; III – group 
of patients more than two years postoperatively with operated nondominant limb.

4968
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]  [Index Copernicus]

Witkowski J. et al.: 
Evaluation of distal biceps brachii tendon reinsertion

© Med Sci Monit, 2017; 23: 4961-4972
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



reported that the one-incision method provided excellent ex-
posure [37]. One of the firsts suture anchors fixation assess-
ments was by Lintner and Fischer (1996) (n=5), indicating ex-
cellent results in terms of ROM and subjective scores 5 months 
postoperatively [38]. No associated nerve injuries, heterotop-
ic bone formation, or olecranon tenderness were noted [38]. 
Most of the postoperative complications noted in the studies 
evaluating the one-incision approach with the use of suture 
anchors fixation included nerve palsies and heterotopic ossi-
fication [14,39–42]. In the study of Balabaud et al. (2004), no 
radial nerve injuries and no radio-ulnar synostoses were not-
ed [14]. The McKee et al. (2005) study revealed a 7.5% rate of 
complications (e.g., wound infection, transient paraesthesias 
in the lateral cutaneous nerve distribution posterior interos-
seous nerve palsy that resolved in 6 weeks) and no cases of 
rerupture [39]. In the John et al. (2007) study, postoperative 
complications were noted in 5.7% of studied patients (3.8% 
heterotopic ossification resulting in a mild loss of forearm ro-
tation and mild pain, and 1.9% a temporary radial nerve palsy 
resolving completely within 8 weeks) [40]. There were postop-
erative complications in 12% of studied patients in the study 
by Khan et al. (2008) [41]. The noted complications involved 
transient superficial radial nerve palsy (6%) and heterotopic 
ossification (6%) [41]. In the Gallinet et al. (2011) study, the 
complications rate obtained 40%, including radial motor palsy, 
which had resolved completely by one year’s follow-up (3.7%), 
reflex sympathetic dystrophy syndromes, which resolved after 
6 months’ medical treatment (7.4%) radial sensory nerve par-
aesthesia (11%) and lateral antebrachial cutaneous nerve par-
aesthesia, which all resolved spontaneously [42]. In the same 
study, heterotopic ossification was found in more than 50% of 

studied participants, but according to authors, it didn’t seem 
to affect the final clinical result [42]. In the present study, we 
found isolated cases of pain in the surgical site occurring dur-
ing maximal biceps brachii contraction (VAS=10 mm) or af-
ter high-level physical effort (VAS=10 mm), and sensory dis-
turbances like tingling in the surgical site and tenderness in 
the soft tissue of the surgical site. As the results of VAS were 
close to no pain, they were considered as clinically irrelevant. 
No abnormalities were found in terms of ultrasound exami-
nation and radiographic imaging of the surgical site. No dis-
tal biceps tendon rerupture was noted.

Postoperative arm circumferences, range of motion, and 
muscle strength

In a comprehensive evaluation of an elbow treatment, the 
use of clinical examination including measures of circumfer-
ences, ROM, muscle strength supported by pain assessment, 
and patient reported functional evaluation are required [28].

The arm circumferences were comparable in operated and non-
operated limbs in the groups of patients less than 2 years and 
more than 2 years postoperatively (p-values 0.21–1.00). The 
intra-group analysis of ROM did not show statistically signifi-
cant differences between the operated and nonoperated limbs 
(p-values 0.07–1.00); nevertheless, some significant differenc-
es between limbs were found in a detailed individual analysis. 
There were no statistically significant differences between the 
operated and nonoperated limb in terms of IT of muscles flex-
ing and supinating the forearm (p-values 0.14–0.95). However, 
in patients with an operated nondominant limb, the nonoper-
ated dominant obtained better results, while in patients with 
the operated dominant limb, the obtained mean value was not 
higher than the value obtained in the nonoperated nondomi-
nant one, which suggests that the dominant limb did not re-
gain its preoperative dominance in strength.

Postoperative pain and upper limb function

In regards to pain assessment, the VAS results were close to 
no pain in patients less than 2 years (3.33±5.77 mm) and more 
than 2 years postoperatively, irrespective of limb dominance 
(1.67±2.89 mm in Group II, and 4.00±5.48 mm in Group III). 
The results of patient-reported evaluation revealed good and 
excellent results, but a detailed individual analysis showed that 
reported scores were not in line with objectively measured fea-
tures, demonstrating that evaluation of patients after repair 
of distal biceps brachii tendon injury should use both subjec-
tive and objective measures.

The one-incision approach with the use of suture an-
chors fixation has been evaluated in retrospective stud-
ies of Balabaud et al. (2004), McKee et al. (2005), John et al. 
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Figure 11. �Mayo Elbow Performance Index scores obtained from 
the operated upper limb with regard to postoperative 
time and limb dominance. Group I – patients 
less than 2 years postoperatively with operated 
nondominant limb; Group II – patients more than 2 
years postoperatively with operated dominant limb; 
Group III – patients more than 2 years postoperatively 
with operated nondominant limb.
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(2007), Khan et al. (2008), and Gallinet et al. (2011), show-
ing it to be a safe and effective fixation method[14,39–42]. 
Balabaud et al. (2004) revealed the treatment clinical results 
were satisfactory for patients (n=8) [14]. All of the patients 
regained full ROM of elbow and forearm, a 6% strength defi-
cit in isokinetic testing, 7% higher endurance in the operated 
limb for the flexion-concentric testing, and no strength deficit, 
and a 13% higher endurance for supination was noted [14]. 
The McKee et al. (2005) study (n=53), mainly based on the pa-
tient-oriented DASH questionnaire, revealed no loss of more 
than 5° of flexion-extension and forearm rotation and DASH re-
sults comparable to healthy individuals according to the DASH 
User Manual [39]. The John et al. (2007) study comprised 53 
patients evaluated an average of 38 months postoperative-
ly [40]. The assessment of patients after surgical anatomical 
reinsertion of the distal biceps tendon with the use of 2 su-
ture anchors was based on the physical examination, radio-
graphs, and Andrews-Carson elbow score tabulations, indicat-
ing an excellent result in 87% of patients and a good result in 
13% of studied participants [40]. Khan et al. (2008) evaluat-
ed 17 patients an average of 45 months after reinsertion us-
ing G4 SuperAnchors [41]. In comparison to the nonoperated 
limb, in the operated one there was a 5.3° mean loss of exten-
sion, a 6.2°mean loss of flexion, a 11° mean loss of pronation, 
and a 6.4° mean loss of supination. The supination strength 
obtained in the operated limb was 82.1% of the strength in 
the nonoperated one [41]. In the Gallinet et al. (2011) study 
carried out in 27 patients an average of 22 months postoper-
atively, mobility was fully restored in most patients [42]. The 
force was not fully restored, but according to the authors it was 
sufficient to avoid any sequelae affecting daily activities [42].

The suture anchors vs. other fixation methods

Multiple fixation methods and biomechanical studies have 
been proposed, aiming to compare the load to failure of su-
ture anchors, button fixation, and interference screws, reveal-
ing variable results [17,22,43–45]. Clinical and functional re-
sults comparing bioabsorbable and nonabsorbable screws in 
distal biceps tendon repair where an interference screw is 
combined with transosseous button revealed similar widen-
ing of the bone tunnel in both studied groups at short follow-
up [24]. The comparison of suture anchor fixation and bone 
tunnel fixation in a cadaveric biomechanical study presented 
by Lemos et al. (2004) revealed superior yield strength of 2 su-
ture anchors fixation obtaining 263 N over the bone tunnel fix-
ation (203 N) [26], while the mean failure strength required to 
rupture intact biceps tendon was around 204 N [46]. Most fail-
ures noted in the Lemos et al. (2004) study were caused by su-
ture damage and there was a correlation between bone densi-
ty and greater yield strength of the repair [26]. Krushinski et al. 
(2007) compared suture anchors fixation with the use of 2×3.5 
mm metallic anchors to bio-tenodesis interference screws in a 

cadaveric study and found no significant difference between 
the pull-out strength of interference screw repair in comparison 
to the suture anchor fixation that, according to authors of the 
study, could potentially allow more aggressive rehabilitation 
and faster return to function [47]. They found no differences in 
the constructs [47]. The suture anchor fixation has been also 
evaluated among the most commonly used fixation methods: 
cortical buttons, bone tunnels, and interference screws in a 
Mazzocca et al. (2007) biomechanical cadaveric study [22]. The 
highest load to failure was found in case of cortical buttons re-
pair, with no significant differences between the 4 methods in 
displacement rates after cyclical loading [22]. However, the cor-
tical button repair associated with drilling to the posterior cor-
tex involved an increased risk of posterior interosseous nerve 
(PIN) injury that led some authors, like Sethi et al. (2008) [48] 
and Siebenlist et al. (2011) [49], to develop further modifica-
tions of the technique. The Siebenlist et al. (2011) method of 
double intramedullary cortical button [49] was compared to 
suture anchor fixation for distal biceps tendon repair in a bio-
mechanical cadaveric study [50]. The study showed small ten-
don-bone displacement in case of double intramedullary cor-
tical button fixation during cyclic testing and reliable fixation 
strength to the bone in load to failure. The novel constructs 
passed cyclic loadings without failure, which led the authors 
to suggest a more aggressive postoperative rehabilitation to 
be allowed for the double intramedullary cortical button fixa-
tion in clinical use [50].

The suture anchor fixation has been compared by Olsen et al. 
(2014) to tension slide technique with the use of cortical but-
ton and interference screw [51]. The patients with a suture 
anchor fixation had higher but clinically unimportant differ-
ences in DASH scores. The patients with suture anchor fixa-
tion had slightly better ROM in comparison to the group of pa-
tients operated on with the use of cortical button in terms of 
flexion and supination, but the authors considered it as clini-
cally unimportant as the difference was less than 6° [51]. The 
pronation was slightly better in the group of patients with the 
cortical button [51]. No differences in the flexion and supina-
tion strength between the studied groups were found, and 
the tendon slide technique with the cortical button and inter-
ference screw, led authors to conclude that they are compa-
rable to suture anchor repair technique clinical outcomes and 
complications [51].

Limitations of the study

The retrospective design of the study might be considered as 
its limitation as patients’ follow-up visits were at varying times 
from surgical intervention. Another limitation of the study is 
its small sample size, as not all of the operated patients were 
available for measurement. The lack of a unified, comprehen-
sive, and fully supervised physiotherapeutic postoperative 
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procedure in the studied group of patients is also a study lim-
itation; thus, future studies should involve patients who un-
derwent a comprehensive, standardized, and fully supervised 
physiotherapy, and the results of patients after anatomical re-
insertion of the distal biceps brachii tendon should be com-
pared to appropriately matched heathy individuals.

Conclusions

The comprehensive retrospective evaluation of patients after 
anatomical reinsertion of distal biceps brachii tendon using the 
suture anchors justify the clinical use of this fixation method 
in the surgical treatment of distal biceps tendon ruptures. In 

patients with the operated dominant limb, the torque of mus-
cles flexing and supination the forearm was not higher than in 
the nonoperated nondominant one, suggesting that the domi-
nant limb did not regain its preoperative dominance in strength. 
In terms of postoperative complications, an isolated case of 
surgical site sensory disturbances was noted. The detailed in-
dividual analysis showed that reported scores were not in line 
with objectively measured features, showing that an evalua-
tion of a patient after repair of distal biceps brachii tendon 
injury should report both subjective and objective measures.
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