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) ABSTRACT

Objective: To evaluate the clinical and radiographic findings of long head biceps tendon (LHBT) transfer in
traumatic proximal humeral fractures with the biceps groove breakage or comminution.

Methods: In this interventional study, subjects surveyed in terms of shoulder function, clinical signs of LHBT
tendinitis, radiographic signs of transferred biceps as a possible depressor of the shoulder, and mechanical
changes of the scapula. Data were analyzed in SPSS version 21.

Results: Fifteen patients were included in the case group (tendon transfer to the conjoined tendon), and 10
patients were evaluated in the control group (non-transfer or non-manipulation of the exposed tendon in
the fracture callus of biceps groove). The mean age of the study population was 46.56+14.31 years, and the
majority of patients (14.56%) were men. The differences between two groups were not significant in terms of
the American Society of Shoulder and Elbow Surgeons (ASES) score, University of California at Los Angeles
(UCLA) score, and constant shoulder score (CSS) (p=0.535, p=0.419, and p=0.266, respectively). Also, there
was no significant differences between the case and control groups regarding the biceps muscle involvement
(Popeye sign: p=1.00; tenderness: p=0.477; pain: p=1.00; speed test: p=1.00; Yergason’s test: p=1.00).
Conclusion: LHBT transfer to the conjoined tendon in proximal humerus fractures with cleavage or
comminution at the bicipital groove showed no advantages.
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Introduction and the associated pain and movement restrictions,
LHBT treatment is one of the major issues in shoulder

Considering the high prevalence of pathologies surgeries [1]. LHBT pathologies may be isolated
in the long head of the biceps tendon (LHBT) (e.g., primary tendonitis) or associated with damage
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to other parts of the shoulder joint (e.g., rotator cuff
tears or other bone fractures) [2]. There are several
therapeutic strategies for different LHBT injuries
such as tenotomy and tenodesis with arthroscopic
and open approaches. Generally, the final treatment
decision is made by the surgeon with regard to the
comorbid pathologies and the patient’s condition [3].

Meanwhile, tendon transfer is one of the methods
used to transfer LHBT to the conjoined tendon [4].
Tendon transfer has been evaluated in previous
studies which is applied during elective arthroscopy
for chronic inflammation [4-6]. Nevertheless, it is
not known whether this approach can be an effective
emergency approach for proximal humerus fractures,
which are among the most common fractures in the
shoulder girdle especially when the fracture reaches the
bicipital groove [5]. Comminuted proximal humerus
fractures are seldom accompanied by the fracture of the
intertubercular sulcus (bicipital groove). It is greater
tuberosity that detached from the lesser tuberosity
lateral to the biceps groove; and a small portion of the
anterior greater tuberosity with the groove itself are
attached to the lesser tuberosity fragment. Therefore,
LHBT would have a smooth bony bed after fracture
healing in many proximal humerus feactures. On
the other hand, we can infrequently observe the
biceps groove direct breakage or comminution and
separation of the lesser and greater tuberosities exactly
at the bicipital groove. In this rare cases, one of the
advantages of the tendon transfer approach is the
removal of LHBT away from this site [6]. Because
LHBT may be inflamed or damaged during or after
fracture repair due to callus formation in the sulcus.

In addition, it has been suggested that the risk of
postoperative pain in the shoulder may be reduced
with the transfer of tendon and displacement of
LHBT [4-6]. It was also noted that tendon transfer
may result in mechanical disturbances after biceps
surgery with changing the natural location of LHBT
[6]. As contradictory findings have been reported
in this area, we performed this study to determine
which strategies can produce the best therapeutic
outcomes in the emergency management of LHBT
pathologies. In this study, we aimed to evaluate the
clinical and radiographic results in the transfer or
non-manipulation of LHBT in patients with proximal
humeral fractures, extended or comminuted exactly
to the bicipital groove.

Materials and Methods

This retrospective, case-control study included all
patients admitted to our hospitals during 2012-2015.
The subjects were diagnosed with proximal humerus
fractures, extending into the bicipital groove and
underwent open reduction internal fixation (ORIF)
surgery.

The exclusion criteria were: 1) proximal humerus
fractures without cleavage or comminution at the
bicipital groove; 2) proximal humerus fractures treated
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via closed reduction; 3) fractures in the ipsilateral or
contralateral limb; and 4) diagnosis of non-union or
malunion of proximal humerus fractures.

Due to time restrictions and availability of medical
information, all patients were analyzed and there
was no need for a specific sampling method. The
participants were classified into two groups: case
group (tendon transfer to the conjoined tendon) and
control group (non-transfer or non-manipulation of
the exposed tendon in the fracture callus).

We reviewed a total of 104 computed tomography
(CT) scans in this study. Of which, 40 who had
CT finding of cleavage at the biceps groove were
selected and evaluated. However, one patient died
before the evaluation, one patient underwent total
arthroplasty, and one patient was excluded because
of heterotopic ossification. Also, three patients
had associated fractures (one with an ipsilateral
shaft humerus fracture, one with a contralateral
acromioclavicular joint fracture, and one with an
ipsilateral elbow fracture). Nine patients were not
willing to continue participation in the study or
were unavailable. Finally, based on the inclusion
and exclusion criteria, a total of 25 patients were
reviewed in our study (15 patients were in the case
group and ten patients in the control group) (Figure 1).
They had proximal humerus fractures with
cleavage or fracture at the biceps groove (Figure
2 and 3), and were treated randomly after fracture
fixation with (cases) or without (controls) long head
biceps tendon to coracoid transfer. Two medical
examiners performed all the clinical examinations
and measurements. The examiners were unaware
of patient’s classification (case or control group);
therefore, this study was a single blind trial.

The groups were surveyed in terms of shoulder
function, biceps muscle involvement, radiographic
signs of transferred biceps, and scapular dyskinesis.
To evaluate shoulder function, the constant shoulder
score (CSS), American Society of Shoulder and
Elbow Surgeons (ASES) score, and University
of California at Los Angeles (UCLA) score were
measured. Also, to evaluate the biceps muscle
involvement, pain in the biceps area, tenderness in
the bicipital groove, speed test, Yergason’s test, and
Popeye sign were evaluated.

Furthermore, radiographic signs of transferred
biceps as a possible depressor of the shoulder
were evaluated in this study. Bilateral X-ray was
performed at a true shoulder anteroposterior (AP)
view to compare the limbs and measure the proximal
migration of the humeral head (distance between
the top of the humerus bone and inferior border of
the acromion). In addition, scapular dyskinesis was
determined based on the Kibler classification and
observation of both scapulae. For this purpose, the
patient was placed in an upright position with arms
resting at sides. Next, the arms were simultaneously
elevated in the plane of the scapula while observing
the scapular motion. It should be noted that
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Fig. 1. Enrolled patients according to CT.

Fig. 3. Preoperative computed tomography (CT) scan of the
injured shoulder of a patient from the case group.

observation of the scapula in the resting position
might be adequate.

Surgical Techniques

In the case group, the patients underwent general
anesthesia after preoperative preparation and surgical
draping. They were placed in a semi-setting position
and the roof of the bicipital groove was opened via
deltopectoral incisions. Next, the bicipital tendon
was cut at 2 cm above the superior edge of the
pectoralis major and transferred to the lateral edge
of the conjoined tendon, based on the soft tissue
side-to-side transfer method. After the fracture was
reduced, it was fixed to locking compression plate
(LCP) proximal humerus plates (Figure 4). On the
other hand, all the steps in the control group except
for tendon transfer were similar to the case group and
internal fixation was carried out via deltopectoral
incisions.
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Fig. 2. Preoperative X-ray of the injured shoulder of a patient
from the case group.

Fig. 4. Postoperative X-ray of a patient from the case group.

Statistical Analysis

The ranked data are presented as percentage and
frequency and numerical data as mean+SD. Statistical
tests such as Chi-square test, Mann-Whitney test,
Kappa statistic, and intraclass correlation coefficient
test were used to compare the collected data. The
level of significance was set at 0.05 in all tests.

Results

A total of 25 patients were reviewed in our survey
(15 patients in the case group and 10 patients in the
control group). The findings showed that 14 patients
(56%) were men, and 11 patients (44%) were women
with the mean age 0f46.56+14.31 years (minimum=21
and maximum=66). The baseline characteristics (i.e.,
age, sex, side of injury, and segmental fractures)
showed no significant differences between the two
groups. The fracture was on the right side in 8
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patients (32%) and on the left side in 17 patients
(68%). Based on the Neer classification system, 10
patients (40%) had three-part proximal humerus
fractures, while 15 patients (60%) had four-part
proximal humerus fractures.

Table 1 presents a summary of the biceps assessment
results in the patients. According to the findings, only
one patient had a Popeye sign. Tenderness was more
common in the control group and was significantly
different from the case group. In addition, pain was
reported in 7 patients, and abnormal Yergason’s test
results were reported in 6 patients. The findings did
not show any major disagreement between the two
examiners.

There was no significant difference regarding the
biceps muscle involvement between the case and
control groups (Popeye sign: p=1.00; tenderness:
p=0.477; pain: p=1.00; speed test: p=1.00; Yergason’s
test: p=1.00). Therefore, tendon transfer did not
exert any significant effects on the bicipital muscle
involvement in the case group. On the other hand,
tenderness and pain, along with abnormal Yergason’s

LHBT transfer to conjoined tendon

and speed tests results were scarcely higher in the
case group; however, the differences between the
case and control groups regarding these parameters
was not significant (p>0.05).

Table 2 presents the radiological and scapular
evaluations results. The findings showed that 8%
of patients had scapular type I dyskinesia, while
8% had scapular type II dyskinesia. The mean
acromiohumeral distance (AHD) between the
humerus head and the lower border of the acromion
was significantly different between the two groups
(shorter in the case group). In other words, the
humerus head had elevated in the case group and
the level of pain was high (Table 2).

Comparison of proximal migration radiographic
measurements in the case and control groups with
the reference (distance= 6 mm) showed no significant
differences (> 6 mm in each group), and proximal
migration was not observed in the control or case
group. Table 3 presents the mean scores of the scales
used in this study to evaluate the shoulder function
among patients.

Table 1. Evaluations of the biceps muscle involvement in the participants.

Groups First examiner p-value Second examiner p-value
Popeye sign, n (%) Case 1 (4%) NS® 1 (4%) NS*
Control 0 (0%) 0 (0%)
Tenderness, n (%) Case 8 (53.3%) 0.477 8 (80%) 0.542
Control 7 (70%) 10 (66.7%)
Pain, n (%) Case 4 (28.6 %) NS 4 (28.6%) NS
Control 3 (30%) 3 (30%)
Abnormal Yergason’s test, Case 4 (26.7 %) NS 4(26.7 %) NS*
n (%) Control 2 (20%) 2 (20%)
Abnormal speed test, n (%) Case 3 (20%) NS® 5(33.3%) NS®
Control 2 (20%) 3 (30%)
“NS: p>0.05.
Table 2. Radiological evaluation and scapular examination of the participants.
Groups First examiner  p-value Second examiner p-value
AHD difference between normal and Case 0.08 (2.44) 0.824 0.22+2.49 NSe
injured shoulders Control -0.16 (2.59) -0.32+2.63
Mean (SD%)
Scapular dyskinesis, n (%) Case 1 (6.7%) NS 2 (20%) NSP
Type I 1 (6.7%) 1 (10%)
Type 11 - -
Type 111 Control 1 (10%) 3 (20%)
1 (10%) 2 (13.3%)
*SD: Standard Deviation; °NS: p>0.05.
Table 3. The scores of the participants.
Parameters Case group Control group p-value
ASES score
Mean (SD) 71.77 (29.24) 65.32 (25.97) 0.535
Min-Max 26.67-100 28.33-100
UCLA score
Mean (SD) 26.73 (8.19) 23.90 (9.01) 0.419
Min-Max 12-35 9-35
CSS score
Mean (SD) 78.46 (19.34) 67.60 (22.81) 0.266
Min-Max 42-100 34-98
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Discussion

The present study aimed to compare the outcomes
of two methods in tendon transfer surgery and non-
manipulation of LHBT in patients with proximal
humerus fractures extending to the bicipital groove.
Our findings showed that the outcomes of two methods
were not significantly different in terms of examination
and function results. Also, pain and function assessment
indicated similar outcomes in the groups.

So far, the main role of LHBT has not been clearly
identified [3]. Some scholars have suggested that this
tendon plays an important role in shoulder stability
while others have refuted its involvement. Despite
some apparently contradictory findings, there is a
strong agreement that this tendon plays an important
role in the anterior shoulder pain and its pathologies
range from isolated tendonitis to bicipital tendinitis,
partial or complete tears, and subluxation. It is
claimed that the main reason for the high potential
of this tendon for inflammation is the presence of the
synovial sheath and its passage through the bicipital
groove [5-7].

In patients with LHBT tendonitis, surgical treatment
is used if supportive treatment is not successful.
The common surgical treatments for this condition
includes tenotomy, tenodesis and tendon transfer. It
is claimed that tenotomy is a suitable approach when
the individual suffers from severe localized pain.
Overall, this simple method, which is associated with
low morbidity, lack of complications due to additional
hardware, short surgery time, and short recovery is
considered an appropriate treatment strategy.

On the other hand, in a recent survey conducted in
2018, most American shoulder surgeons preferred
tenodesis to tenotomy [8]. The primary reason for
their preference was that following tenotomy, the
supination strength and flexor of the elbow decrease
and cause fatigue and discomfort in patients. Also,
tenotomy is associated with a higher risk of muscle
cramp and cosmetic deformity following treatment.
The causes of this deformity in tenotomy include
the Popeye sign and occurrence of auto-tenodesis
following surgery in the bicipital groove.

In addition, LHBT tenodesis requires specific
methods. This surgery can be performed using the
arthroscopic, mini-open, or open strategies with two
major approaches, i.e., suprapectoral and subpectoral.
Advocates of the open subpectoral approach believe
that the risk of residual tenosynovitis reduces in this
method due to the complete removal of LHBT from
the bicipital groove [9]. Also, another technique,
called the “slit technique”, has been introduced,
in which LHBT is fixed to the conjoined tendon
using arthroscopic approaches, exposing the entire
bicipital groove. Advocates of this technique believe
that it provides a more normal axis for the biceps
muscles compared to conventional tenodesis [10].

Tendon transfer of LHBT was first introduced in
1926 by Gilcreest [11] for patients with chronic and
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painful biceps inflammation. Subsequently, this
method was applied using elective arthroscopy in
case of LHBT involvement. However, to the best of
our knowledge, no other study has evaluated this
therapeutic approach in traumatic patients. Also,
there is no study comparing the routine technique
with tendon transfer in patients with proximal
fractures of the arm.

Evidence suggests that fracture repair involves a stage
of callus formation. It is said that callus formation in
the bicipital sulcus causes LHBT tendonitis in patients
with proximal humerus fractures. In addition, the risk
of postoperative pain in the anterior shoulder may be
reduced with tendon transfer and LHBT displacement
[4-6]. In a ten-years follow-up study, Taylor et al., [12]
examined the outcomes of arthroscopic tendon transfer
in patients with tendinitis or chronic inflammation of
LHBT. The results showed that subdeltoid transfer
is a reliable method for patients with chronic and
resistant pathologies to LHBT treatment. Contrary
to these findings, the present study did not confirm
the superiority of the case group in terms of shoulder
function.

According to the scapular dyskinesis examination,
tendon transfer did not cause any significant changes
in the clinical outcomes of patients, although
dyskinesis occurred following the change of tendon
anatomy in the bicipital groove. The measurements
in this study showed that statistically significant
proximal migration did not occur in any of the
patients. Although our findings are not statistically
significant, clinical experience suggests that proximal
migration occurs by removing the depressor effect
of the bicipital muscle.

Moreover, in an autopsy study, Pastor et al., [13]
compared LHBT tendon transfer to the conjoined
tendon with suprapectoral tenodesis and found
similar biomechanical outcomes in patients after
surgery. It has been also suggested that tendon
transfer may cause mechanical disturbances in the
biceps function by changing the natural location of
LHBT [6]. However, this intervening effect was only
observed in our patients in relation to shoulder pain
and there was no significant difference between the
two groups regarding other parameters.

Evidence suggests that the tendon transfer technique
is effective in maintaining the coracoacromial arch
and creating a sling for enhancing the anterior
shoulder function; however, this hypothesis has
not been confirmed. Additionally, Ahren et al., [14]
stated that in case of Neer three- and four-segment
proximal humerus fractures or posterior position of
the initial fracture line, the bicipital groove may be
damaged and subsequently, LHBT involvement may
occur. Therefore, a proper treatment strategy should
be applied in these fractures.

Our findings did not show any significant difference
in the clinical and functional outcomes of LHBT
tendon transfer to the conjoined tendon in proximal
humerus fractures with cleavage or comminution
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to the bicipital groove. Based on the present study
results, the biceps muscle involvement in the case
group was scarcely more significant than the control
group; therefore, tendon transfer is not suggested
as an appropriate intervention for these patients.
Further investigations are needed on a larger sample
size in order to determine the accurate advantages
and disadvantages of tendon transfer.

One of the strengths of this study is that only
one orthopedic surgeon with at least five years of
experience in shoulder surgeries performed all
surgeries for the patients. One of the limitations of this
study is that patients were examined retrospectively
and the results of tests could not be compared with
the preoperative stage. Also, a small sample size was
recruited in this study. Therefore, it is recommended
to conduct similar retrospective studies on a larger
sample size for a more accurate analysis.
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