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SUMMARY
Aim. The aim of this study was to investigate whether the anatomical reconstruction 
on the radial tuberosity could be superior to the non-anatomical repair by tenodesis on 
brachialis, in terms of clinical outcomes and isokinetic evaluation to treat distal biceps 
brachii tendon ruptures.
Methods. We retrospectively evaluated 36 patients at the final follow up; 16 were treat-
ed with the anatomical technique (Group A) and 20 with the non-anatomical (Group 
B). The isokinetic testing was used to assess the functional performance of both arms 
during flexion/extension and supination/pronation. We determined the Peak Torque, 
Total Work and Endurance. The clinical outcomes were evaluated using the main eval-
uation scales (DASH, Oxford Elbow score and MEPS). The Wilcoxon Two-Sample 
Test and the Chi-Square were used to evaluate the differences between the two groups 
for quantitative variables and qualitative variables, respectively.
Results. According to clinical score, both treatments were considered satisfactory. 
The dynamometric tests demonstrated an overall superiority of the anatomical group 
compared to the non-anatomical group, with a statistical significant difference (p < 
0.05) in the Peak Torque evaluated in flexion both at 90°/seconds and at 210°/seconds. 
The dominant arms achieved better results compared to the non-dominant extremities 
in all the tests. No major complications in any of the patients were reported. 
Conclusions. The anatomical technique using transosseous tunnels is a safe and effec-
tive procedure when used in acute patients. Although the non-anatomical treatment 
presented satisfactory results, the anatomical treatment is able to significantly reduce 
all the residual functional deficits usually present after the repair.
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INTRODUCTION
Distal biceps brachii tendon avulsions account for only 3% 
of all biceps ruptures, the proximal ruptures of the long 
head and of the short head represent respectively 96% 
and 1% (1). 
The ruptures of the distal tendon of the biceps brachii occur 
more frequently in the dominant extremity of middle-aged 
men (40-60 years of age) (2). The average incidence of this 
injury is 1.20 events per 100.000 population per year (3). 

Acute injuries occur more frequently in heavy workers and 
weight 3tive tendon biomechanics, restoring the native 
tendon moment arm and forearm rotation, compared to 
the non-anatomical approach (15).
The purpose of this study is to investigate whether the 
anatomical single-incision approach could be superior to the 
non-anatomical biceps tenodesis to the brachialis tendon, in 
terms of clinical outcomes and isokinetic tested flexion and 
supination strength. Our null hypothesis consists in the clin-
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ical and functional superiority of the anatomical technique 
compared to the non-anatomical, especially in supination.

MATERIALS AND METHODS
In this study we performed a retrospective analysis of 45 
patients diagnosed with rupture of distal biceps brachii 
tendon, surgically treated in acute setting (< 3 weeks) at 
our Institution by our upper extremity expert surgeon 
from October 2007 to October 2017. Nine patients were 
not available to perform the isokinetic evaluation: 4 in the 
anatomical group and 5 in non-anatomical group. Among 
these, two patients withdrawn for health issues, one patient 
passed away and six were not available to perform the tests. 
We gathered all the information on the clinical condition of 
the patients, mechanism of injury, level of activity, dominant 
extremity and general data from our Hospital charts. Out of 
these 36 patients, 16 patients were treated with a single-inci-
sion anatomical approach (Group A), while 20 were treated 
with a non-anatomical brachialis anterior tenodesis (Group 
B). The mean age of the two groups were 43 years (range 
39-48) for the anatomical group and 48.4 (range 36-58) for 
the non-anatomical group. All the 36 patients treated were 
male. The dominant extremities were 8 out of 16 in the 
Group A and 13 out of 20 in the Group B. The mean inter-
val between the injury and the surgery was 9 days (range 
4-20) in the anatomical group and 8 days (range 2-21) in 
the non-anatomical group. All chronic ruptures (> 21 days) 
were excluded from this study. We evaluated the range of 
motion (ROM) of the injured arms in both groups. The 
subjective clinical condition of the patients was analyzed 
using a satisfactory scale (0-100), the DASH score (Disabil-
ities of Arm, Shoulder and Hand), the Oxford elbow score 
and the MEPS (Mayo Elbow Performance Score).

Surgical techniques

The anatomical approach
The patient was positioned supine with the elbow extend-
ed and the forearm supinated. An anterior transverse 3 cm 
incision was performed in the proximal forearm centered 
at the elbow crease. The torn tendon end was isolated and 
debrided. Two Fiberwire n. 2 (Arthrex, Naples, Florida, 
USA) were used to prepare the tendon with Bunnell-like 
sutures. The radial tuberosity was visualized under fluoros-
copy and two drill holes were created with 1,7mm Kirschner 
wire with a loop. 
The K wires are positioned proximally to distally in order to 
decrease the length of surgical incision. Moreover, in order 
to restore as accurately as possible the anatomical insertion 

and consequently the supination ability, the k wires inclina-
tion is about 30 degrees from medial to lateral.
The proximal hole was centered on the apex of the radi-
al tuberosity and the distal hole at the end of the tuberos-
ity; making sure to drill the two holes almost perpendicu-
lar to the bone surface, slightly convergent. The forearm 
was completely supinated during the drilling, in order to 
achieve the most medial part of the tuberosity and avoid-
ing the interosseous nerve. The sutures were passed through 
the two drill holes from the volar to the dorsal side through 
a shuttling technique using the looped K-wire with the 
forearm completely supinated. A small incision (< 1 cm) 
was performed on the dorsal side between the two k-wires 
extremities and the ruptured tendon was reattached to the 
tuberosity by pulling the sutures and firmly tying the knot. 
The tension of the biceps was finally evaluated through the 
volar incision.

Non-anatomical approach
The position of the patient was the same of the anatomical 
approach; the patient was supine with the elbow extended 
and the forearm supinated. An incision was performed medi-
ally and proximally to the elbow fold and it was obliquely 
extended distally and laterally. The ruptured distal biceps 
brachii tendon was retrieved. The avulsed biceps tendon 
was then sutured to the brachialis muscle passing through-
out its distal tendon. The elbow was flexed at 30°, in order 
to restore the adequate biceps muscle tension.

Rehabilitation protocol 
The rehabilitation protocol was the same in both groups. 
The arm was immobilized in a shoulder sling brace for 15 
days following surgery. Thereafter, the patient started with 
active range of motion without heavy weights. Sport activity 
was allowed only three months after surgery.

Isokinetic Evaluation 
In our study, we assessed the functional performance using 
an Isokinetic muscle testing (Biodex System 4 pro, Shirley, 
NY, USA) to all the 36 patients. We evaluated two types of 
movements in both arms: flexion/extension and supination/
pronation. All the patients were carefully instructed on isoki-
netic testing and performed a 5-minuted warm-up before 
the definitive tests. The healthy arm was tested prior to the 
injured arm. The patient was placed in a beach-chair posi-
tion with an upper body exercise table (UBXT) through-
out all the tests. The flexion/extension was evaluated with 
a range of motion between 0° and 150°. The supination/
pronation was performed with a range of motion between 
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80° of supination and 80° of pronation. Both movements, 
flexion/extension and supination/pronation, were evalu-
ated at two different angular velocities: 90 degree/second 
(5 repetitions) and 210 degree/second (15 repetitions). We 
used these results to determine the Peak Torque (PT), Total 
Work (TW) and Endurance (E). The differences between 
the dominant and non-dominant arms were considered in 
our statistical analysis.

Statistical analysis
Continuous variables were assessed as means,  standard 
deviations and quartiles. The Wilcoxon Two-Sample Test 
was used to evaluate the differences between the two groups 
for quantitantive variables, while  the Chi-Square or the 
Fisher’s Exact Test were used to evaluate qualitative vari-
ables; statistical analyses were carried out at two-sided with 
a 0.05 significance level, using SAS® (Version 9.4, SAS Insti-
tute Inc., Cary, NC, USA) and STATAtm version 8.2 (Stata 
Corporation, College Station, Texas, United States).

RESULTS
The baseline characteristics of the two groups are shown 
in table I. 
No significant differences were detected between the two 
groups with respect to any of the clinical or patient reported 
outcome measures assessed except for ROM injured side in 
flexion. This information is summarized in table II. 
The dynamometric tests demonstrated a statistical signif-
icant difference in the Peak Torque, evaluated in flexion 
in the anatomical group compared to the non-anatomi-
cal group (p < 0.05); this difference was significant both 
at 90°/seconds and at 210°/seconds. Even though the 
Total Work and the Endurance evaluated in both groups 

during flexion presented higher scores in the anatomical 
group, these differences were not statistically significant 
(figure 1).
Moreover, the PT, TW and E evaluated in both groups 
during supination demonstrated higher values in the anatom-
ical groups respect to the non-anatomical group (figure 2), 
although these results were not statistically significant.
Furthermore, we evaluated the differences between the domi-
nant arms in the two groups and the differences between the 
dominant and the non-dominant extremities in each group. 
The values obtained with the dominant limbs in the anatomical 
group demonstrated an overall superiority than those obtained 

Table I. Baseline characteristics. 

Variable Group A Group B P value
Sex (M; F) 16; 0 20; 0 p > 0.05

Age 43 (39-48) 48.4 (36-58) p > 0.05

Dominant side 
involvement

8 13 p > 0.05

Mechanism 
of injury 
(weight 
lifting; fall)

16; 0 17; 3 p > 0.05

Interval injury-
surgery (days)

9 (4-20) 8 (2-21) p > 0.05

Follow-
up (months)

27 (24-36) 63 (40-75) p < 0.001

Table II. Median post-operative clinical outcome. 

Variable Group A Group B P value
ROM injured 
side in flexion

149 (145-150) 140 (120-150) p = 0.0005

ROM injured 
side in 
supination

  80 (80-80)   80 (70-87) p > 0.05

Satisfactory 
score (0-100)

  90 (80-100)   85 (70-100) p > 0.05

DASH score     3.3 
(range 0-11.7)

    5.2  
(range 0-12.5)

p > 0.05

Oxford 
elbow score

  43 
(range 39-48)

41 
(range 37-48)

p > 0.05

MEPS 100 
(range 90-100)

100 
(range 80-100)

p > 0.05

Figure 1. Group A vs Group B in Flexion: demonstrating a 
statistical significant difference in the Peak Torque both at 
90°/s and 210°/s.
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with the dominant extremities in the non-anatomical group 
during both flexion and supination as showed in figure 3. 
The statistical significant results achieved with the dominant 
arm rather than the non-dominant in the anatomical group 
in all movements were emphasized in figures 4 and 5.
No major complications in any of the patients were report-
ed. In the non-anatomical group transient paresthesia of the 
anterior cubital area was reported in two patients, no other 
minor complications were reported.

DISCUSSION
Different studies recommended the surgical compared to 
the non-operative treatment to manage distal biceps tendon 

ruptures (6, 7). Nowadays, conservative option is usual-
ly recommended only in elderly patients with low-demand 
activities or with important comorbidities (5). 
Even though the surgical treatment is now considered the 
treatment of choice, there is not a general agreement on which 
is the best surgical approach. 

Figure 2. Group A vs Group B in Supination: presenting high-
er values in the Group A, even though this difference is not 
statistically significant.

Figure 4. Group A: Dominant vs Non-Dominant in Flex-
ion. In the Group A evaluated in flexion, the dominant arms 
obtained an overall superiority compared to the non-dom-
inant arms, with a statistical significant difference in all the 
dynamometric tests (except the TW at 210°/s).

Figure 5. Group A: Dominant vs Non-Dominant in Supina-
tion. In the Group A evaluated in supination, the dominant 
arms obtained a statistical significant difference in all the 
dynamometric tests performed.

Figure 3. Group A vs Group B: Dominant Arm in Supination. 
A statistical significant difference was reported in the Total Work 
between the dominant arms of the two groups during supination.
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Some authors prefer the single anterior approach (16-18); 
while others prefer the Boyd and Anderson double-incision 
technique (1, 10, 11, 19). Even though the two-incision tech-
nique limits the volar surgical dissection, it has been associated 
with important complications including proximal radio-ulnar 
synostosis (20), formation of proximal radio-ulnar calcifications 
and lesions on the posterior interosseous nerve (21). Moreover, 
the double-incision technique has been associated, in a long-
term follow-up, to a decrease in the range of motion of more 
than 30% in supination/pronation, a decrease in supination 
strength and a decrease of total work (TW) in supination (22). 
The reinsertion of the avulsed distal biceps tendon can be 
performed either anatomically or non-anatomically. The 
anatomical surgery involves the reattachment of the distal 
tendon of the biceps in the anatomical footprint on the radi-
al tuberosity, hypothetically maintaining the biomechanical 
advantage of the native tendon. Whereas, the non-anatom-
ical surgery consists in the tenodesis of the ruptured distal 
biceps on the anterior brachialis muscle tendon, altering the 
native biomechanics of the forearm. Through the years the 
non-anatomical approach has been gradually abandoned, 
although satisfactory results obtained using this technique 
were reported (8, 23).
Different fixation devices can assist in the anatomical reinser-
tion: suture anchors (24), interference screws (16) or suspension 
devices (25). Some others searching for the maximal biome-
chanical stability combined more devices in a single procedure 
(14). Unfortunately, major complications have been report-
ed with the use of these fixation devices: suture anchors have 
been associated with posterior interosseous nerve lesions (24), 
suture breakage (26), slippage of the anchor (26) and proximal 
radial fracture (27); fatigue fractures have been reported with 
the insertion of interference screws (26); posterior interosseous 
nerve palsies (28), superior branch of radial nerve injuries (28), 
heterotopic ossifications (25) and disengagement (28) have 
been reported with the use of cortical button. The anatomical 
technique used in our study, even though could be considered 
less stiff than the anatomical procedures using fixation devices, 
allow us to avoid possible major complications still maintaining 
a strong initial fixation (10). 
In our study the isokinetic tests results obtained using either 
the non-anatomical surgery with the biceps tenodesis on the 
brachialis tendon or the anatomical single-incision transosse-
ous tunnels approach, were both satisfactory. 
The PT, the TW and E registered during flexion/exten-
sion and supination/pronation reported higher values in the 
anatomical group compared to the non-anatomical group, 
emphasizing the objective superiority of the former group. 
However, it is important to highlight that not all the results 
presented a statistical significant difference between the 
two groups. 

In our study the dominant extremities demonstrated higher 
improvement compared to the non-dominant limbs in both 
groups. We correlated this phenomenon with a potential 
more vigorous physical therapy or daily work-related exer-
cises performed in the dominant compared to the non-dom-
inant limbs or to the difference in strength normally present 
between the dominant and the non-dominant arms. 
All the patients were treated acutely (< 21 days) in our study; 
the mean interval from the injury to the surgery was 8-9 days 
in both groups. We managed to diagnose all the injuries in the 
Emergency Room of our Hospital and surgically repair the 
lesions as soon as possible, avoiding the possible complications 
related to the chronic ruptures of the distal biceps (29). 
In our opinion, the results obtained in our two groups of 
patients were both satisfactory, in terms of functional recov-
ery and range of motion, as demonstrated objectively by the 
isokinetic tests. Our tests however, confirmed our null hypoth-
esis, emphasizing the superiority of the anatomical surgery 
compared to the non-anatomical approach in all the tests 
performed, with a greater improvement in terms of supination 
strength but not always statistically significant. 
Moreover, the anatomical approach performed in our study 
is a minimally invasive procedure, cost-effective, timesaving 
and without the use of rigid fixation devices associated with 
all the complications aforementioned. 
Our results suggested that even though the anatomical 
approach should be considered the treatment of choice to 
repair distal biceps tendon avulsions, the non-anatomical 
approach was able to achieve satisfactory clinical and func-
tional results. 
The major limitation of our study was the follow-up: differ-
ent follow-ups between the two groups with a shorter follow 
up in the anatomical group. This difference is related to the 
increasing percentage of patients anatomically treated during 
the last years. This bias might play an important role in the 
isokinetic evaluation, allowing the non-anatomical group a 
longer adaptation period to compensate the residual func-
tional deficits. Another limitation involved the small sample 
of patients involved in the study. 

CONCLUSIONS
The anatomical technique using transosseous tunnels is an 
easy, safe and effective procedure when utilized in patients 
with acute distal biceps brachii ruptures with a low risk of 
surgical complications. Although the non-anatomical treat-
ment presented satisfactory results, the anatomical treatment 
is able to significantly reduce all the residual functional deficits 
usually present after the repair. The dominant arm achieved 
superior outcomes in all movements compared to non-dom-
inant arm. 
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