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Abstract

Background: The distal biceps brachii tendon inserts proximally and posteriorly on the
bicipital tuberosity of the radius and it is a forearm supinator but also contributes to flexion
of the elbow. Chronic distal biceps tendon ruptures are relatively rare, often complicated by
tendon and muscle retraction, and, therefore, their primary repair is difficult or impossible.
The gold standard treatment of these chronic lesions is its anatomic reinsertion at the radial
tuberosity after tendon reconstruction, using autograft or allograft tissue, but there is no
agreement about the most appropriate surgical technique. Untreated injuries usually result
in elbow joint deficits and decreased muscular strength. We report the preliminary results
in a group of patients treated with a tripled autologous semitendinosus graft. Methods: In
the present retrospective study, we report the results in a series of 13 patients surgically
treated using tripled autologous semitendinosus graft, fixed to the residual distal biceps
tendon, starting from the myotendinous junction, and using tension-slide technique (Biceps
Button—Arthrex, Inc, Naples, FL 34108, USA) in association with an interference screw.
Eleven males and two females, with a mean age of 46, participated in the study. Results: At
mean follow-up check-in of 35 months, clinical results were assessed using the DASH score
and MEPS, with a mean value of 11 points and 87 points, respectively. Tensiomyography
was also performed to evaluate muscular strength. Six patients had excellent results
and seven had good results. No patient had either a tendon re-rupture, or a peripheral
neurological deficit, or symptomatic heterotopic ossifications. Seven patients had a mild
deficit in elbow motion and six patients had a mild deficit in forearm prono-supination.
Upon tensiomyography evaluation, five patients showed a mild deficit in flexion and
supination strength. All patients returned to their previous daily and sporting activities.
Conclusions: According to our results, in patients affected by chronic distal biceps tendon
rupture, surgical treatment performed using tripled autologous semitendinosus autograft
secured to the radial tuberosity using the tension-slide technique and interference screw is
associated with satisfactory outcomes.

Keywords: chronic distal biceps tendon rupture; tripled semitendinosus autograft;
tension-slide technique; biceps button; tensiomyography
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1. Introduction
The distal biceps tendon shows two distinct heads, the long head and short head.

The long head inserts proximally and posteriorly on the bicipital tuberosity of the radius.
This head contributes mainly to the supination movement of the forearm. The short head
inserts more distally on the radial tuberosity, giving it a greater elbow flexion moment [1].
For this reason, its anatomical reconstruction is essential to restore complete muscle and
forearm function.

Rupture of the distal biceps brachii tendon often occurs after an eccentric loading of
the dominant elbow in men aged 40 to 60, with an estimated incidence of 2.55 cases per
100,000 patients per year [2,3].

Typical symptoms of the rupture of the distal biceps tendon include edema, ecchy-
mosis, proximal retraction of the tendon (reverse Popeye sign), and decreased strength in
elbow flexion and in forearm supination. The most used test to confirm the diagnosis is
the hook test [4]. Clinical exams are often sufficient to discover an acute rupture but the
lesion is not always immediately diagnosed. In cases of doubt, MRI represents the imaging
modality of choice.

Chronic distal biceps ruptures are defined as those persisting for over 3–6 weeks post
injury [5–7]. The untreated injury usually results in elbow joint deficits and decreased
muscular strength, especially in elbow flexion and forearm supination. In acute cases,
tendon ruptures can be repaired primarily while, in chronic tears, musculo-tendinous
retraction and tissue atrophy make a direct repair often impossible.

Some surgeons treat chronic tears of the distal biceps conservatively or surgically via
direct reinsertion, or via tenodesis of the retracted tendon to the distal brachialis muscle.
Conservative treatment is generally reserved for patients with severe comorbidities or
those of very old age and with limited functional requirements. Patients conservatively
treated, in fact, usually show a decreased supination and flexion strength of the elbow.
Direct reinsertion is very difficult because of the retraction of the musculo-tendinous unit.
Moreover, the excessive tension of the reinserted tendon exposes to a high risk of failure
for high rate of re-rupture, or for a residual functional limitation of the forearm extension.
Tenodesis of the retracted tendon on the distal brachialis muscle does not determine
any limitation in the extension of the forearm, and it improves muscle strength in elbow
flexion but does not improve muscle strength in forearm supination. Therefore, in distal
biceps reconstruction, it is technically demanding to restore a good function of the forearm
movement without significant limitations in daily life activities [8–17].

The most appropriate surgical option for distal biceps tendon reconstruction is still
controversial; however, many authors agree that the gold standard treatment for chronic
irreparable distal biceps tear is anatomic reinsertion with the additional use of an autograft
or allograft tissue to restore the musculo-tendinous’ original length. Many graft options
have been reported and the most common include the fascia lata autograft, tibialis anterior
allograft, Achilles tendon allograft, lacertus fibrosus autograft, and semitendinosus auto
and allograft [18–23].

In the present study, we reported the preliminary outcomes of 13 patients affected by
chronic distal biceps ruptures who were treated via anatomical tendon reconstruction with
a tripled autologous semitendinosus graft using tension-slide technique in association with
an interference screw.

The triplication of the tendon graft guarantees a very good mechanical resistance of
the reconstructed tendon. Moreover, the reinsertion on the radial tuberosity using the
tension-slide technique and interference screw allows for an immediate stability to be
achieved with the excellent adhesion of the graft into the radial bone tunnel.
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2. Materials and Methods
2.1. Study Design and Sample

We conducted a retrospective study on a sample of 13 patients with chronic distal
biceps brachii tendon rupture that was surgically treated with a tendon reconstruction
using a triple autologous semitendinosus graft that was reinserted in the bicipital tuberosity
via the tension-slide technique (Biceps Button—Arthrex, Inc., Naples, FL 34108, USA) and
interference screw. The only inclusion criterion was a traumatic chronic rupture of the
tendon persisting for over 3–6 weeks post injury. Eleven patients were males and two were
females, with a mean age of 46 (range: 29–59 y). The right side was affected in ten cases and
the left side in three. Patients with open traumatic injuries, metabolic pathologies, and those
undergoing dialysis were excluded from the study. Written informed consent was obtained
from all individual participants included in the study. All procedures performed in the
study were in accordance with the 1964 Helsinki Declaration and its later amendments.

2.2. Surgical Technique

The harvest of the semitendinosus tendon is made through an incision of 3–4 cm at
the antero-medial margin of the tibia.

In the upper limb, an incision is centered on the radial tuberosity and another incision
is made proximally, to search for the tendon stump (Figure 1).

 

Figure 1. Two incisions are made; one is proximal, to locate the tendon stump, and one is distal, at
the level of the bicipital tuberosity on the radius.

To reconstruct the tendon, the semitendinosus is fixed to the residual distal biceps
tendon, starting from the myotendinous junction, using the modified Pulvertaft method
and tripling it, according to the technique already described for anterior cruciate ligament
(ACL) reconstruction [24] (Figure 2).

The reconstructed tendon (Figure 3) is passed through the subcutaneous tissue, under
the skin, from the proximal approach to the distal one. Next, we drill the bone to pass the
button, and a hemi-tunnel (with a diameter of 8 mm) is made in the biceps tuberosity to
allow for tendon–bone healing. Using an insertion device, we pass the button through to
the other side of the bone. Once in place, the button is flipped against the bone cortex and



J. Clin. Med. 2025, 14, 7948 4 of 11

the sutures are tightened to secure the biceps tendon in the hemi-tunnel. For additional
stability, we fix the tendon inside the hemi-tunnel with a peak interference screw.

 

Figure 2. Passage of sutures through the myotendinous junction, in order to anchor the tripled
semitendinosus graft to the residual distal biceps tendon.

 

Figure 3. The final aspect of the tripled semitendinosus autograft anchored to the residual distal
biceps tendon.

In all cases, the reinsertion was performed at the radial tuberosity corresponding
anatomically to the distal insertion of the biceps brachii tendon. We selected tripled
semitendinosus autograft because it guarantees a very good mechanical resistance of the
reconstructed tendon and eliminates the associated risks of allograft tissues or synthetic
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augmentation. Therefore, this autograft offers a satisfactory length, and the donor site mor-
bidity is rare. The same team, particularly experienced in sports traumatology, performed
all surgical procedures.

2.3. Post-Surgical Rehabilitation Phase

The upper limb was initially immobilized with a brace that locked the elbow at 90◦

of flexion and 45◦ of supination. After six weeks, the patients began the rehabilitation
phase, starting with the passive movements of the pronation and supination of the forearm,
while the active exercises of the extension and flexion of the elbow were permitted after
about 8 weeks, without lifting even light weights. Three months after the surgery, the
patients usually had full range of motion of the elbow and progressively began to perform
muscular strength exercises to return to their previous activities after five months. The
timing and progression of the rehabilitation phases were based on tissue biology to promote
the initial integration of the graft into the bone radial tunnel. All patients adhered to the
same rehabilitation protocol conducted or supervised by physiotherapists specialized in
sports medicine.

2.4. Outcome Assessment and Classification

At the final follow-up check-in, on average 35 months after surgery, clinical results
were assessed using the Disabilities of Arm, Shoulder, and Hand (DASH) score [25] and
Majo Elbow Performance Score (MEPS) [26]. Radiographic examination of the elbow was
also performed to exclude radio–ulnar synostosis or heterotopic ossifications. Furthermore,
the patients were analyzed using tensiomyography (TMG-BMC Ltd.—1000 Ljubljana,
Slovenia) to evaluate the muscle strength [27–29]. Clinical and instrumental outcome
assessments were performed by independent evaluators. Tensiomyography is a non-
invasive device for monitoring muscle contractile and mechanical characteristics via the
analysis of some parameters. In our case, we analyzed, especially, the contraction time
(Tc) and maximal radial displacement (Dm). The criteria used to categorize outcome
classification as excellent, good, or poor were developed ad hoc.

The results were considered excellent if the DASH score ranged from 1 to 9 points,
if the MEPS ranged from 90 to 100 points, and if, at clinical examination, the range of
elbow motion, and flexion and supination strength, were similar to the contralateral side.
The results were considered good if the DASH score ranged from 10 to 24 points, if the
MEPS ranged from 75 to 89 points, and if the range of elbow motion and flexion and
supination strength were mild, or limited in comparison to the contralateral side (about
−15◦ of prono-supination and −15% of muscular strength). The results were considered
poor if the DASH score was more than 24 points, if the MEPS ranged from 60 to 74 points,
and if the range of elbow motion and muscular strength were, respectively, limited more
than 30◦ and more than 15% in comparison to the contralateral side.

2.5. Statistical Analysis

All statistical analyses were performed using R software (version 4.x) and Jamovi
(version 2.x). Continuous variables (age, time from injury to surgery, follow-up duration,
DASH score, MEPS, joint range of motion, and tensiomyography parameters) were sum-
marized as mean ± standard deviation (SD) with 95% confidence intervals (CI). Normality
was checked using the Shapiro–Wilk test.

Categorical variables (sex, affected side, presence of range of motion deficit, and
presence of tensiomyographic asymmetry ≥ 10%) were expressed as absolute frequencies
and percentages.

Comparisons between groups were carried out with Welch’s two-sample t-test (un-
equal variances). Specifically, subgroup analyses were performed for the following:
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1. Surgical timing (early ≤6 weeks vs. late ≥7 weeks);
2. Age (≤46 years vs. >46 years);
3. TMG asymmetry (absent <10% vs. present ≥10%).

The value of p < 0.05 (two-sided) was considered statistically significant. No adjust-
ments for multiple testing were applied, given the exploratory nature of the study.

Patients were classified as having excellent, good, or poor outcomes, based on pre-
defined thresholds combining DASH, MEPS, range of motion, and strength parameters.
Descriptive statistics were used to report the distribution of patients across these categories.

3. Results
All patients had appropriate clinical and imaging documentation and were analyzed

retrospectively at a mean follow-up of 35 months (range: 20–47 m).
Demographics, and the clinical and instrumental results of our patients are reported

in Table 1, and statistical results are reported in Table 2.

Table 1. Demographic clinical and instrumental results of 13 patients with chronic distal biceps
tendon rupture surgically treated via anatomical reinsertion after tendon reconstruction using tripled
autologous semitendinosus graft.

Case Gender Age Side
Time from
Injury to

Surgery (Week)

Follow-
Up

(Months)

Elbow ROM
Compared to
Other Side

Forearm
ROM

Compared to
Other Side

Tensiomyography
Muscular
Strength

Asymmetries

DASH
Score MEPS Results

1 M 39 R 5 40 NO DIFF NO DIFF NO DIFF 6 92 EXCELL

2 M 51 R 7 29 −15 EXT −20 SUP
−10 PRON −15% 16 84 GOOD

3 M 43 R 5 32 NO DIFF NO DIFF NO DIFF 8 92 EXCELL

4 M 38 L 6 47 NO DIFF NO DIFF NO DIFF 7 90 EXCELL

5 F 41 R 4 28 NO DIFF NO DIFF NO DIFF 9 92 EXCELL

6 M 49 R 4 33 −10 EXT NO DIFF NO DIFF 12 86 GOOD

7 M 52 R 8 35 −10 EXT −15 SUP
−10 PRON −15% 10 86 GOOD

8 M 59 L 9 41 −10 FLEX −20 SUP
−15 PRON −15% 15 76 GOOD

9 F 43 L 5 37 NO DIFF NO DIFF NO DIFF 8 94 EXCELL

10 M 48 R 7 20 −15 EXT −15 SUP
−15 PRON −10.0% 12 86 GOOD

11 M 54 R 10 30 −10 FLEX −20 SUP
−15 PRON NO DIFF 15 78 GOOD

12 M 28 R 5 36 NO DIFF NO DIFF NO DIFF 5 94 EXCELL

13 M 50 R 7 46 −10 EXT −15 SUP
−15 PRON −10.0% 16 86 GOOD

Table 2. Comparison of functional outcomes (DASH and MEPS) according to surgical timing, age,
and TMG asymmetry (Welch t-test).

Group Comparison Subgroup DASH
(Mean ± SD)

MEPS
(Mean ± SD) t-Value p-Value

Surgery timing Early (≤6 weeks, n = 7) 8.8 ± 2.5 91.7 ± 2.1 t = −2.63/4.39 p = 0.028/0.004
Surgery timing Late (≥7 weeks, n = 6) 12.8 ± 3.7 82.5 ± 5.2

Age group ≤46 years (n = 7) 7.9 ± 2.3 92.3 ± 2.1 t = −5.37/6.36 p < 0.001/<0.001
Age group >46 years (n = 6) 13.7 ± 1.8 81.7 ± 4.0

TMG asymmetry Absent (<10%, n = 8) 8.3 ± 2.7 91.8 ± 2.5 t = −4.18/5.26 p = 0.002/0.002
TMG asymmetry Present (≥10%, n = 5) 14.8 ± 2.6 80.4 ± 4.6

Values are expressed as mean ± standard deviation (SD). Functional outcomes were assessed via the Disabilities of
the Arm, Shoulder and Hand (DASH) score and the Mayo Elbow Performance Score (MEPS). Welch’s two-sample
t-test was used; significance was set at p < 0.05.

No patient experienced tendon re-rupture and we did not observe any peripheral
neurological deficits. Seven patients had a mild deficit in elbow motion, compared to
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the contralateral side, ranging from −10◦ to −15◦, and six patients had a mild deficit in
forearm prono-supination, ranging from −10◦ to −20◦. No patient had any symptomatic
heterotopic ossifications or radio–ulnar synostosis. Upon tensiomyography evaluation of
the biceps brachii muscle, five patients exhibited a mild deficit in flexion and supination
strength, ranging from −10% to −15% compared to the contralateral side. DASH score
ranged from 5 to 16 points (mean value: 11 points), and MEPS ranged from 76 to 94 points
(mean value: 87 points).

According to our classification criteria, six patients had an excellent result and seven a
good result.

Statistical Results

At the final follow-up, the mean DASH score was 10.7 ± 3.9 (95% CI 8.3–13.1) and the
mean MEPS was 87.4 ± 5.7 (95% CI 83.9–90.8).

When comparing surgical timing, patients treated within six weeks from injury (n = 7)
achieved significantly better results than those treated later (n = 6). Specifically, the early
group reported lower DASH scores (8.8 ± 2.5 vs. 12.8 ± 3.7, t = –2.63, p = 0.028) and higher
MEPS values (91.7 ± 2.1 vs. 82.5 ± 5.2, t = 4.39, p = 0.004).

With respect to age, younger patients (≤46 years, n = 7) showed superior functional
outcomes compared with older patients (>46 years, n = 6). The younger group presented
significantly lower DASH scores (7.9 ± 2.3 vs. 13.7 ± 1.8, t = –5.37, p < 0.001) and higher
MEPS values (92.3 ± 2.1 vs. 81.7 ± 4.0, t = 6.36, p < 0.001).

Tensiomyography analysis (TMG) revealed that patients without relevant asymmetry
(<10%, n = 8) had markedly better outcomes compared with those showing asymme-
try ≥ 10% (n = 5). DASH scores were significantly lower (8.3 ± 2.7 vs. 14.8 ± 2.6, t = –4.18,
p = 0.002), while MEPS values were significantly higher (91.8 ± 2.5 vs. 80.4 ± 4.6, t = 5.26,
p = 0.002).

In summary, early surgical reconstruction, younger age, and preserved muscle contrac-
tility (absence of TMG asymmetry) were each associated with significantly better functional
outcomes. We observed correspondence between clinical and instrumental findings regard-
ing outcome assessment and classification. In fact, in patients with excellent results, range
of motion and tensiomyography muscular strength of the operated limb were similar to
those of the of the contralateral side. The patients with good results, instead, showed mild
deficits in these clinical and instrumental parameters compared to the healthy side.

Finally, all patients were satisfied and returned to their previous daily and sport-
ing activities, and the technique used for tendon reconstruction allowed for satisfactory
functional recovery with low complication rates.

4. Discussion
A complete tear of the distal biceps brachii tendon is a relatively rare injury and

generally occurs in middle-aged men, as a result of an eccentric contraction of the biceps
muscle. This lesion can lead to a decrease in supination strength by about 50% and flexion
strength by about 30% [20]. Chronic distal biceps ruptures, which are defined as those
persisting for over 3–6 weeks post-injury, are usually complicated by tendinous retraction
and scar tissue formation. The diagnosis of distal biceps tendon rupture is quite simple in
acute lesions and generally is only based on a clinical evaluation. In chronic ruptures, the
diagnosis is often delayed, MRI represents the imaging modality of choice, and their direct
repair is a big challenge [17,23].

In elderly patients, especially those with comorbidities, conservative treatment is
generally preferred. In healthy elderly patients, with low functional demands, a surgical
alternative may be represented, such as the tenodesis of the biceps brachii tendon on the
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brachialis anterior, which improves muscle strength in elbow flexion but does not improve
muscle strength in forearm supination.

The direct repair of complete ruptures of the distal biceps brachii tendon should be
the treatment of choice. In acute ruptures, anatomical reinsertion on the radial tuberosity is
easier because the tendon retains its original length. Chronic ruptures, on the contrary, are
complicated by muscle–tendon retraction and tissue atrophy that make primary anatomic
repair very difficult or impossible. In these cases, to restore original tendon length and
muscle strength, surgical treatment is generally performed by a reconstruction of the
musculo-tendinous unit with an interposition of autografts or allografts, and various graft
options have been reported [7–16,30].

Morrel et al. reported good subjective and objective outcomes regarding the recon-
struction of chronic ruptures using a fascia lata autograft secured to the bicipital tuberosity
with suture anchors [10]. Cross et al. reported the outcomes in seven males who underwent
biceps tendon reconstruction using tibialis anterior allograft [11]. The average time from
injury to surgery was 25 weeks and the average follow-up was 16 months. The authors
reported satisfactory clinical results with limited complications. One patient developed
transient lateral antebrachial cutaneous nerve neuritis (LABNC). Phadnis et al. reported
the results in 21 male patients affected by irreparable distal biceps ruptures treated using
an Achilles tendon allograft and transosseous EndoButton [12]. After a mean follow-up of
15 months, the authors stated that all patients were satisfied and returned to their previous
level of activity. Two transient LABNC paresthesia were recorded and two patients had
a mild extension lag. Fontana et al. described the use of autologous lacertus fibrosus as
augmentation–elongation technique in four patients affected by a retracted–degenerated
distal biceps tendon [13]. Two patients had transient sensitive radial nerve paresthesia. All
patients were reviewed at a mean follow-up of two years. The authors concluded that their
surgical technique is an effective option for treatment of this chronic injury.

In our case series, we opted for a free autologous semitendinosus tendon to augment
the muscle–tendon retraction when repairing chronic ruptures, as other authors have
already described [8,9,14,15].

Hang et al. reported satisfactory results in a patient treated using a free semitendinosus
autograft reattached to the radial tuberosity via a 2-incision technique [8]. Wiley et al.
compared two groups of patients with chronic tendon ruptures [9]. The first group was
treated non-operatively, while, in the second group, a reconstruction was performed using
a semitendinosus autograft woven through the distal stump of the biceps tendon, then
anchored into prepared radial tuberosity. After a mean follow-up of 28 months, the non-
operated group showed a decreased muscular strength of about 20% while, in the operated
group, muscular flexion and supination strength were similar to the contralateral side.

Frank et al. reported good outcomes in a series of 19 patients treated using a semi-
tendinosus autograft looped through a transosseous tunnel in the bicipital tuberosity, and
secured with a Pulvertaft weave to the remnant distal biceps tendon. They concluded that,
when it is possible, direct repair is preferred, but in irreparable ruptures, reconstruction
using semitendinosus allows surgeons to obtain good results [14].

Goyal et al. reported clinical and instrumental results in two groups of patients surgi-
cally treated for chronic ruptures using an allograft tendon looped around an EndoButton
or using a 2-incision technique [15]. The semitendinosus allograft was woven into the native
distal biceps tendon and secured with no. 2 FiberWire suture to reinforce the reconstruction.
The authors evaluated the peak strength on both arms of the patients after a mean period
of 46 months after surgery using an isokinetic dynamometry, and reported satisfactory
results, but they observed decreased peak supination strength in the operated arm.
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However, the most appropriate surgical option for distal biceps tendon reconstruction
is still controversial. Many authors agree that the gold standard treatment for a chronic
irreparable distal biceps tear is to restore the original tendon length and muscular strength
through its anatomic reinsertion on the radial tuberosity and through tendon reconstruction
with the additional use of an autograft or allograft tissue. The common grafts used are the
fascia lata autograft, tibialis anterior allograft, Achilles tendon allograft, lacertus fibrosus
autograft, and semitendinosus auto and allograft, but in all surgical options described,
many complication rates are often reported. The most common complications reported are
non-traumatic re-rupture, posterior interosseous nerve (PIN) palsy or lateral antebrachial
cutaneous nerve (LABNC) paresthesia, heterotopic ossification, and elbow and forearm
range of motion deficit [18–23].

Our results are similar to those reported by the above-mentioned authors, who used
an autologous semitendinosus graft. Two recent systematic reviews support this technique,
and the authors conclude that functional results are generally satisfactory after an allograft
or autograft reconstruction [7,31].

In the majority of the reported studies, results are evaluated only by clinical tests and
follow-up is often not reported. In our study, we performed clinical and instrumental tests
using tensiomyography to evaluate the preliminary results of our surgical reconstruction
technique. All patients, at follow-up, showed excellent or good results. We never observed a
tendon re-rupture or neurological peripheral deficit. No evidence of heterotopic ossification
was observed. No patients had a significant deficit in elbow motion or in forearm supination.
Tensiomyography tests showed a mild deficit in flexion and supination strength in five
patients. All patients were satisfied with the treatment outcome. Our preliminary results,
although derived from a small retrospective case series, nevertheless suggest that the
described technique, which involves the use of the tripled autologous semitendinosus
tendon, reduces the risk of the recurrence of the rupture and allows almost complete
recovery of strength in both flexion and supination. Finally, we agree that the anatomical
reinsertion of the reconstructed tendon is necessary to improve movement and prevent
heterotopic ossifications.

5. Conclusions
We conclude that in chronic irreparable distal biceps tendon ruptures, surgical recon-

struction using the tripled autologous semitendinosus tendon, anchored in the bicipital
tuberosity with the biceps button and interference screw, represents a valid treatment
option. In fact, considering the low complication rate and the preliminary results, the new
surgical technique described seems to be a safe procedure for the treatment of these chronic
lesions. However, our study has two limitations: first, it is a retrospective study without
any control group, and, second, the number of cases is quite limited. Further studies are
necessary to confirm our preliminary outcomes.
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A.C.; Methodology, G.R.; Supervision, P.F.; Writing—review and editing, F.D.M. All authors have
read and agreed to the published version of the manuscript.

Funding: This study received no external funding.

Institutional Review Board Statement: All study procedures were conducted in accordance with
the ethical principles outlined in the 1964 Helsinki Declaration and its subsequent amendments.
Informed consent for the scientific use of anonymized clinical data was obtained from all patients, in
accordance with institutional regulations and the guidelines of the Italian Data Protection Authority
(“Garante per la protezione dei dati personali”). In compliance with Italian Legislative Decree No.
196/2003, as amended by Legislative Decree No. 101/2018, and Regulation (EU) 2016/679 (GDPR),



J. Clin. Med. 2025, 14, 7948 10 of 11

the use of fully anonymized clinical data for research purposes does not require prior Institutional
Review Board approval. Considering that the data were collected anonymously and that the study
had a retrospective design, after extensive consultation with our internal committee, formal approval
from the regional ethics committee was deemed unnecessary.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated and/or analyzed during the current study are
available from the corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Beneš, M.; Kachlík, D.; Kunc, V. Surgical anatomy for reinsertion of the distal tendon of the biceps brachii muscle. Rozhl. Chir.

2025, 104, 317–325. [CrossRef] [PubMed]
2. Safran, M.R.; Graham, S.M. Distal biceps tendon ruptures: Incidence, demographics, and the effect of smoking. Clin. Orthop.

Relat. Res. 2002, 404, 275–283. [CrossRef] [PubMed]
3. Kelly, M.P.; Perkinson, S.G.; Ablove, R.H.; Tueting, J.L. Distal biceps tendon ruptures: An epidemiological analysis using a large

population database. Am. J. Sports Med. 2015, 43, 2012–2017. [CrossRef] [PubMed]
4. O’Driscoll, S.W.; Goncalves, L.B.; Dietz, P. The hook test for distal biceps tendon avulsion. Am. J. Sport Med. 2007, 35, 1865–1869.

[CrossRef]
5. Kelly, E.W.; Morrey, B.F.; O’Driscoll, S.W. Complications of repair of the distal biceps tendon with the modified two-incision

technique. J. Bone Jt. Surg. Am. 2000, 82, 1575–1581. [CrossRef]
6. Tjoumakaris, F.P.; Bradley, J.P. Distal Biceps Injuries. Clin. Sports Med. 2020, 39, 661–672. [CrossRef] [PubMed]
7. Bajwa, A.; Simon, M.J.K.; Leith, J.M.; Moola, F.O.; Goetz, T.J.; Lodhia, P. Surgical Results of Chronic Distal Biceps Ruptures: A

Systematic Review. Orthop. J. Sports Med. 2022, 10, 23259671211065772. [CrossRef] [PubMed] [PubMed Central]
8. Hang, D.W.; Bach, B.R., Jr.; Bojchuk, J. Repair of chronic distal biceps brachii tendon rupture using free autogenous semitendinosus

tendon. Clin. Orthop. Relat. Res. 1996, 323, 188–191. [CrossRef] [PubMed]
9. Wiley, W.B.; Noble, J.S.; Dulaney, T.D.; Bell, R.H.; Noble, D.D. Late reconstruction of chronic distal biceps tendon ruptures with a

semitendinosus autograft technique. J. Shoulder Elb. Surg. 2006, 15, 440–444. [CrossRef] [PubMed]
10. Morrell, N.T.; Mercer, D.M.; Moneim, M.S. Late reconstruction of chronic distal biceps tendon ruptures using fascia lata autograft

and suture anchor fixation. Tech. Hand Up. Extrem. Surg. 2012, 16, 141–144. [CrossRef] [PubMed]
11. Cross, M.B.; Egidy, C.C.; Wu, R.H.; Osbahr, D.C.; Nam, D.; Dines, J.S. Single-incision chronic distal biceps tendon repair with

tibialis anterior allograft. Int. Orthop. 2014, 38, 791–795. [CrossRef] [PubMed] [PubMed Central]
12. Phadnis, J.; Flannery, O.; Watts, A.C. Distal biceps reconstruction using an Achilles tendon allograft, transosseous EndoButton,

and Pulvertaft weave with tendon wrap technique for retracted, irreparable distal biceps ruptures. J. Shoulder Elbow Surg. 2016,
25, 1013–1019. [CrossRef] [PubMed]

13. Fontana, M.; Trimarchi, A.; Colozza, A. Lacertus fibrosus augmentation for distal biceps brachii rupture repair: Surgical technique.
Musculoskelet Surg. 2016, 100 (Suppl. S1), 85–88. [CrossRef] [PubMed]

14. Frank, T.; Seltser, A.; Grewal, R.; King, G.J.W.; Athwal, G.S. Management of chronic distal biceps tendon ruptures: Primary repair
vs. semitendinosus autograft reconstruction. J. Shoulder Elb. Surg. 2019, 28, 1104–1110. [CrossRef] [PubMed]

15. Goyal, N.; Wilson, D.J.; Salzano, M.B.; Fernandez, J.J.; Cohen, M.S.; Wysocki, R.W. Restoration of peak strength and endurance
following distal biceps reconstruction with allograft for chronic ruptures. J. Shoulder Elb. Surg. 2020, 29, 853–858. [CrossRef]
[PubMed]

16. Bolia, I.K.; Shontz, E.C.; Dobitsch, A.; Mayfield, C.K.; Bashrum, B.S.; Weber, A.E. Female patient with bilateral distal biceps
tendon reconstruction: A case report. Trauma Case Rep. 2023, 47, 100870. [CrossRef] [PubMed] [PubMed Central]

17. Boonrod, A.; Harasymczuk, M.; Ramazanian, T.; Boonrod, A.; Smith, J.; O’Driscoll, S.W. The Turtle Neck Sign: Identification
of Severe Retracted Distal Biceps Tendon Rupture. Orthop. J. Sports Med. 2022, 10, 23259671211065030. [CrossRef] [PubMed]
[PubMed Central]

18. Hendy, B.A.; Padegimas, E.M.; Harper, T.; Lazarus, M.D.; Abboud, J.A.; Namdari, S.; Horneff, J.G. Outcomes of chronic distal
biceps reconstruction with tendon grafting: A matched comparison with primary repair. JSES Int. 2020, 5, 302–306. [CrossRef]
[PubMed] [PubMed Central]

19. Vishwanathan, K.; Soni, K. Distal biceps rupture: Evaluation and management. J. Clin. Orthop. Trauma 2021, 19, 132–138.
[CrossRef] [PubMed] [PubMed Central]

20. Beeler, S.; Hecker, A.; Bouaicha, S.; Meyer, D.C.; Wieser, K. Indirect markers for length adjustment in distal biceps tendon allograft
reconstruction. PLoS ONE 2021, 16, e0257057. [CrossRef] [PubMed] [PubMed Central]

https://doi.org/10.48095/ccrvch2025317
https://www.ncbi.nlm.nih.gov/pubmed/40966048
https://doi.org/10.1097/00003086-200211000-00042
https://www.ncbi.nlm.nih.gov/pubmed/12439270
https://doi.org/10.1177/0363546515587738
https://www.ncbi.nlm.nih.gov/pubmed/26063401
https://doi.org/10.1177/0363546507305016
https://doi.org/10.2106/00004623-200011000-00010
https://doi.org/10.1016/j.csm.2020.02.004
https://www.ncbi.nlm.nih.gov/pubmed/32446582
https://doi.org/10.1177/23259671211065772
https://www.ncbi.nlm.nih.gov/pubmed/35005052
https://pmc.ncbi.nlm.nih.gov/articles/PMC8738885
https://doi.org/10.1097/00003086-199602000-00025
https://www.ncbi.nlm.nih.gov/pubmed/8625577
https://doi.org/10.1016/j.jse.2005.08.018
https://www.ncbi.nlm.nih.gov/pubmed/16831648
https://doi.org/10.1097/BTH.0b013e318258e358
https://www.ncbi.nlm.nih.gov/pubmed/22913994
https://doi.org/10.1007/s00264-013-2182-0
https://www.ncbi.nlm.nih.gov/pubmed/24271333
https://pmc.ncbi.nlm.nih.gov/articles/PMC3971283
https://doi.org/10.1016/j.jse.2016.01.014
https://www.ncbi.nlm.nih.gov/pubmed/27039674
https://doi.org/10.1007/s12306-016-0435-y
https://www.ncbi.nlm.nih.gov/pubmed/27900711
https://doi.org/10.1016/j.jse.2019.01.006
https://www.ncbi.nlm.nih.gov/pubmed/30935824
https://doi.org/10.1016/j.jse.2019.12.016
https://www.ncbi.nlm.nih.gov/pubmed/32197770
https://doi.org/10.1016/j.tcr.2023.100870
https://www.ncbi.nlm.nih.gov/pubmed/37383027
https://pmc.ncbi.nlm.nih.gov/articles/PMC10293761
https://doi.org/10.1177/23259671211065030
https://www.ncbi.nlm.nih.gov/pubmed/35071656
https://pmc.ncbi.nlm.nih.gov/articles/PMC8777348
https://doi.org/10.1016/j.jseint.2020.10.023
https://www.ncbi.nlm.nih.gov/pubmed/33681854
https://pmc.ncbi.nlm.nih.gov/articles/PMC7910717
https://doi.org/10.1016/j.jcot.2021.05.012
https://www.ncbi.nlm.nih.gov/pubmed/34099972
https://pmc.ncbi.nlm.nih.gov/articles/PMC8167284
https://doi.org/10.1371/journal.pone.0257057
https://www.ncbi.nlm.nih.gov/pubmed/34473790
https://pmc.ncbi.nlm.nih.gov/articles/PMC8412371


J. Clin. Med. 2025, 14, 7948 11 of 11

21. Alamir, M.A.; Alotaibi, K.M. Chronic Distal Biceps Tendon Rupture With Allograft Reconstruction. Cureus 2022, 14, e30805.
[CrossRef] [PubMed] [PubMed Central]

22. Metikala, S.; Portnoff, B.; Herickhoff, P. Staged Achilles Allograft Reconstruction of Chronic Bilateral Simultaneous Tears of
the Retracted Distal Biceps Tendon Using a Novel Fixation Technique. Cureus 2022, 14, e25172. [CrossRef] [PubMed] [PubMed
Central]

23. Moriya, K.; Maki, Y.; Koda, H.; Tsubokawa, N. A Novel Reconstruction Technique for Chronic Distal Biceps Tendon Rupture: A
Case Report. JBJS Case Connect. 2023, 13, e23. [CrossRef] [PubMed]

24. Maeda, A.; Shino, K.; Horibe, S.; Nakata, K.; Buccafusca, G. Anterior cruciate ligament reconstruction with multistranded
autogenous semitendinosus tendon. Am. J. Sports Med. 1996, 24, 504–509. [CrossRef] [PubMed]

25. Hudak, P.L.; Amadio, P.C.; Bombardier, C. Development of an upper extremity outcome measure: The DASH (disabilities of the
arm, shoulder and hand). Am. J. Ind. Med. 1996, 29, 602–608. [CrossRef]

26. Cusick, M.C.; Bonnaig, N.S.; Azar, F.M.; Mauck, B.M.; Smith, R.A.; Throckmorton, T.W. Accuracy and reliability of the Mayo
elbow performance score (MEPS). J. Hand Surg. Am. 2014, 39, 1146–1150. [CrossRef]

27. MacGregor, L.J.; Hunter, A.M.; Orizio, C.; Fairweather, M.M.; Ditroilo, M. Assessment of skeletal muscle contractile properties by
radial displacement: The case for tensiomyography. Sports Med. 2018, 48, 1607–1620. [CrossRef]

28. Wilson, H.V.; Johnson, M.I.; Francis, P. Repeated stimulation, inter-stimulus interval and inter-electrode distance alters muscle
contractile properties as measured by Tensiomyography. PLoS ONE 2018, 13, e0191965. [CrossRef] [PubMed] [PubMed Central]
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