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Abstract. The curative effect of small-incision open distal
subpectoral vs. arthroscopic proximal biceps tenodesis for
lesions in the long head of the biceps tendon (LHBT) combined
with rotator cuff repairs (RCR) has remained controversial.
The aim of the present study was to compare the two surgical
methods. A total of 71 patients who received surgical treatment
for LHBT lesions accompanied by RC tears were analyzed.
Following arthroscopic RCR and tendectomy of the affected
LHBT, 35 patients underwent small-incision open distal
subpectoral tenodesis through a small incision (the subpectoral
group), while the remaining 36 patients received arthroscopic
proximal tenodesis (the arthroscopic group). The surgery time
and intra-operative blood loss were compared between the two
groups. In addition, the clinical outcomes were evaluated using
scoring systems for the functional assessment of the shoulder
joint. The subpectoral group had a shorter surgery time and
less intra-operative blood loss than the arthroscopic group
(P<0.05). The functional scores of the two groups significantly
improved as time passed (P<0.05). The subpectoral group was
significantly superior to the arthroscopic group with regard to
the American Shoulder and Elbow Surgeons score at 2 weeks
post-operatively and visual analog scale score at 2 weeks and
3 months post-operatively (P<0.05). Small-incision open distal
subpectoral and arthroscopic proximal tenodesis were demon-
strated to effectively improve the function of the shoulder
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joint and relieve pain caused by LHBT lesions accompanied
by RCR. However, small-incision open distal subpectoral
tenodesis had the additional advantage of shorter surgery time,
less intra-operative bleeding and encouraging early results
compared to arthroscopic proximal tenodesis. The study was
registered as a clinical trial in the Chinese Trial Registry
(no. ChiCTR1800015643).

Introduction

Lesions of the long head of the biceps tendon (LHBT) are
among the most common causes of shoulder disorders and
pain (1,2). LHBT lesions alone are relatively rare; they are
mostly associated with other lesions of the shoulder joint,
particularly rotator cuff (RC) injury (1,3-8). The normal physi-
ological function of the LHBT depends on the role of the block
system, which is mainly composed of supraspinatus (SSP),
coracohumeral ligament, superior glenohumeral ligament and
subscapularis (SSC) (9). These ligaments are reinforced by
the check-points of the SSP and SSC tendons, which maintain
LHBT stability in the intertubercular sulcus (Fig. 1). SSP and
SSC injuries are more common among RC injuries (10-12),
since the tendons in them are used as reinforcement of the block
system. SSP and SSC damage leads to instability of the LHBT,
easily causing LHBT lesions following RC injury. Studies
have indicated that the proportion of LHBT lesions combined
with RC injury accounts for 30-69% (6,13); this was not well
known in the past, when only RC injury was treated and the
pain caused by LHBT lesions was frequently ignored (14). In
recent years, increasing attention has been paid to persistent
pain caused by LHBT lesions (15-19). With the development of
imaging and arthroscopic technology, it has been recognized
that LHBT lesions are caused by repeated friction with the
intertubercular sulcus and the surgical method of choice has
changed from large-incision to small-incision or minimally
invasive treatment under arthroscopy.

In recent years, a large number of comparative studies on
the clinical efficacy of LHBT tenotomy and LHBT tenodesis
have been performed (20-31), but the results remain contro-
versial. It has been reported that LHBT tenotomy and LHBT
tenodesis achieve satisfactory efficacy. As compared with
LHBT tenodesis, pure LHBT tenotomy has the advantages
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of simplicity, short surgery time and rapid post-operative
recovery (21,32,33), but it may cause complications including
Popeye sign deformity (21,24,25,28), upper arm spastic pain,
loss of stability of the humeral head (34-36) and reduced
forearm supination strength (20,22,23). LHBT tenodesis is a
more invasive surgical procedure, but it maintains the length
and tension of the original tendon and the strength of the elbow
muscle, effectively prevents muscle atrophy and minimizes
spastic and Popeye sign deformity in the upper arm (37,38).
Although the clinical manifestations and advantages
of LHBT tenodesis in biomechanics have been confirmed,
the choice between proximal and distal tenodesis remains
controversial. Recent studies have reported frequent residual
pain in the intertubercular sulcus following arthroscopic
proximal LHBT tenodesis (39,40). In addition, LHBT lesions
are frequently combined with other injuries and there are few
comparative studies on the clinical treatment of LHBT lesions
accompanied by RC repair (RCR). In the present study, the effi-
cacy between small-incision open distal subpectoral tenodesis
and arthroscopic proximal tenodesis was analyzed in patients
with LHBT lesions accompanied by RCR, with the aim of
providing evidence and support for their use in the clinic.

Materials and methods

Patients and ethics. All clinical procedures were approved by
the Ethical Committee of the Affiliated Traditional Chinese
Medicine Hospital of Southwest Medical University (Luzhou,
China; approval no. KY20180603), performed in accordance
with the 1964 Declaration of Helsinki and its later amendments
and the study wasregistered asaclinical trial in the Chinese Trial
Registry (no. ChiCTR1800015643). All patients understood
the intervention procedure and signed the relevant informed
consent form. From June 2014 to June 2016, 71 patients with
LHBT lesions with RCR who underwent shoulder arthroscopy
met the inclusion criteria for the study. All RC injuries were
repaired by arthroscopy and tenodesis was performed after
LHBT lesions were cut off under arthroscopy (Fig. 2). Of the
71 patients, 35 were treated with small-incision open distal
subpectoral biceps tenodesis (subpectoral group; 17 males and
18 females aged 46-69 years). Arthroscopic proximal biceps
tenodesis was performed in 36 patients (arthroscopic group;
16 males and 20 females aged 42-71 years). All patients were
further diagnosed with LHBT lesions combined with RCR
by pre-operative medical history, clinical examination, MRI
examination and intra-operative microscopy. No statistically
significant differences were observed in terms of sex, diabetes,
age, smoking, time of onset, type of LHBT lesions (41) or size
of RC tear between the two groups (P>0.05; Table I).

Pre-operative physical examination of the patients clearly
indicated that the diseased shoulder was accompanied by
limited movement, RC injury and positive signs of LHBT
lesions, as determined by tests including the pain arc test (+),
Hawkins sign (+), Yergason test (+) and Speed test (+). Imaging
examination confirmed that the patients had typical RC injury
and LHBT lesions.

Inclusion criteria. The inclusion criteria were as follows:
i) Shoulder pain accompanied by limited movement,
particularly in terms of functions such as outspreading
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Figure 1. Diagrammatic sketch of the location of LHBT lesions and
peripheral ligaments. H, humerus; LHBT, long head of the biceps tendon;
SSP, supraspinatus; CHL, coracohumeral ligament; SGHL, superior gleno-
humeral ligament; SSC, subscapularis.

and anteflexion; ii) shoulder MRI revealed RC injury and
abnormal LHBT signal; iii) further arthroscopic confirmation
of patients with LHBT lesions accompanied by RC; iv) patients
fully understood the surgical method and signed the relevant
doctor-patient communication and informed consent forms;
v) follow-up time was >1 year.

Exclusion criteria. The exclusion criteria were as follows:
i) No RC injury or irreparable RC injury; ii) open injury or
other serious shoulder joint disease; iii) revision surgery;
iv) patients unsuitable for surgery due to chronic wasting
disease or infectious diseases; v) patients refused to sign
relevant doctor-patient communication or informed consent
form; vi) the follow-up time was <1 year.

Surgical procedure. The patient was maintained in a recum-
bent position on the healthy side, with a fixed head and neck
and suspended upper limb of the affected side using SPIDER
MAN (MAQUET GmbHj; able to rotate multi-directionally,
effect of free fixation), instead of human traction fixation. The
limb was outspread 40° and anteflexed 15°, the arthroscopic
equipment was connected, the skin was disinfected using
iodine and alcohol and the sterile towels and waterproof sheet
spread were applied (Fig. 3). A 30" arthroscopy lens was placed
in the acromion posterolateral edge, and a planning and a radio
frequency instrument was placed in the acromion-anterolateral
border. First, the glenohumeral joint was explored and other
lesions were detected. The synovial tissue around the tendon
in the articular cavity was cleaned by the electric knife using
the anterior approach and the hyperplasia osteophytes were
properly removed using a drill. A radio frequency ion knife
was used to repair the tear edge of the RC in different ways,
depending on the type of RC injury. Following the surgery, the
LHBT lesions were cut off under arthroscopy, after checking
that the fixation was firm (Fig. 4A).

In the subpectoral group, an incision was made ~3 cm along
the inferior margin of the medial ectopectoralis. The skin was
incised, the superficial fascia was separated until reaching the
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Figure 2. Diagrammatic sketch of biceps tenodesis following tendectomy of the affected LHBT. (A) Removal of LHBT lesions following tendectomy of the
affected LHBT, knitting and suturing of the LHBT with tendon suture line, slight polishing of the bony cortex with a grinding drill and drilling at a proper depth
with a bone drill. (B) Placement of the knitted LHBT into the drilled tunnel. (C) Tightening of the interference screw. LHBT, long head of the biceps tendon.

Figure 3. Representative example of surgical position of patients. The
patients were maintained in a recumbent position on the healthy side, with a
fixed head and neck, suspended upper limb of the affected side with SPIDER
MAN, and outspread (40°) and anteflexed (15°) limb.

LHBT, the LHBT was removed under the ectopectoralis, the bony
cortex of the ectopectoralis was slightly polished with a grinding
drill, a bone drill was used to drill to a proper depth and fixation
was performed using a tendon suture (Johnson & Johnson Medical
Equipment Co., Ltd.) and interference screw (MILAGRO®;
Johnson & Johnson; Fig. 4B and C). A schematic illustration
of small-incision open distal subpectoral tenodesis is provided
in Fig. 4D and E. Following re-examination of the supraspinatus,
deltoid, LHBT, infraspinatus and teres minor muscles, it was
confirmed that there was no obvious active bleeding and a plasma
drainage tube was inserted. The incision was stitched layer by
layer and compressed using sterile dressing, and the affected
limb was bandaged. Following the surgery, the affected limb was
suspended or fixed with external braces immediately.

In the arthroscopic tenodesis group, following the confirma-
tion of intra-articular LHBT injury (Fig. SA), the arthroscope
was repositioned to the subacromial space and the tendon
sheath of the LHBT was cleared with an electric knife to fully
expose the LHBT. The inner part of the sheath was explored.
The bony cortex was slightly polished with a polishing head
on the intertubercular sulcus, fixed with sutures anchors after

stabilizing the proximal LHBT (ThRevo, CF6160H; 5.0 mm,
outside diameter x 18.0 mm length, w/Three#2 Hi-Fi Suture;
Smith & Nephew plc) (Fig. 5B and C). A schematic illustration
of arthroscopic proximal tenodesis is provided in Fig. 5D and E.
No obvious active bleeding was observed and a plasma
drainage tube was inserted. The incision was stitched layer by
layer, compressed using sterile dressing and the affected limb
was bandaged. Following the surgery, the affected limb was
suspended or fixed with external braces immediately.

Post-operative treatment. The affected shoulder was fixed with
external braces immediately after surgery. Routine anti-infec-
tion, detumescence, pain relief and intermittent ice compresses
were administered and the plasma drainage tube was removed
24 h post-operatively. At 2 weeks post-operatively, active or
passive fist clenching and bending of the elbow, as well as
assisted forward bending, back stretching and abduction (Abd)
of the affected shoulder flexion were performed. At 3 weeks
post-operatively, active forward bending, back stretching and
Abd of the affected shoulder were gradually performed. At
6 weeks post-operatively, full-range exercises of the affected
shoulder were initiated. Muscle strength training began
3 months later and the patient gradually returned to their
original activity level at ~6 months post-operatively.

Clinical evaluation indicators. The surgery time and
intra-operative bleeding volume were recorded. Furthermore,
muscle strength, Shoulder joint function, pain and range of
motion (ROM) of the shoulder joint were recorded in detail
pre-operatively and post-operatively at 2 weeks, 3 months and
a final follow-up (the mean follow-up duration was 21 months).
Patient satisfaction (16) at ~one year post-surgery was also
evaluated. The shoulder joint function was assessed using the
University of California at Los Angeles (UCLA), Constant and
American Shoulder and Elbow Surgeons (ASES) scores. The
visual analog scale (VAS) score (15,16) was used to evaluate
post-operative pain. At the time of the last follow-up, compli-
cations were evaluated using ultrasound and biceps apex
distance (BAD).

Statistical analysis. Pearson's y* test was used to analyze
the categorical outcomes. One-way analysis of variance and
the paired t-test were used to compare potential differences
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Table I. Comparison of demographic characteristics of patients in the subpectoral tenodesis group and the arthroscopic tenodesis

group.
Characteristic Subpectoral group (n=35) Arthroscopic group (n=36) P-value
Age (years) 53.46+8.45 54.32+10.73 0.709
Sex 0.727
Male 17 16
Female 18 20
Dominant shoulder 29 (82.9) 31 (86.1) 0.705
BMI (kg/m?) 24.65+3.78 23.79+4.36 0.378
Pain duration (days) 129.76+18.36 137.53x17.78 0.119
Rotator cuff tear size 0.832
Small 18 20
Medium 13 11
Large 4 5
Type of LHBT lesion 0.755
Tendinitis 24 27
Subluxation 2 1
Total dislocation - -
Partial tear 9 8
Complete rupture - -
Diabetes mellitus 5(14.3) 3(8.3) 0.676
Smoking 10 (28.6) 12 (33.3) 0.664

Continuous data are expressed as the mean + standard deviation and constant data are expressed as n (%). BMI, body mass index.

in the surgery time, intra-operative blood loss and ROM, as
well as the UCLA, Constant, ASES and VAS scores between
the two groups. Values are expressed as the mean + standard
deviation. All data were processed using SPSS statistical
software (version 20; IBM Corp.). P<0.05 was considered to
indicate a statistically significant difference.

Results

Post-operative conditions. All 71 patients successfully completed
the surgery without any serious complications, e.g. vascular
or nerve injury. The intra-operative data of the two groups are
provided in Table II. The surgery time in the subpectoral group
was significantly shorter than that in the arthroscopic group
(P<0.05). Intra-operative blood loss in the subpectoral group was
significantly less than that in the arthroscopic group (P<0.05). The
plasma drainage tube was removed 24 h post-operatively and all
incisions achieved grade A healing. The patients were discharged
smoothly and no post-operative infection occurred.

Clinical outcomes. The patients were followed up foraminimum
of 1.5 years. The mean follow-up duration in the subpectoral
group was 21.03+2.42 months and that in the arthroscopic
group was 21.45+1.24 months. The follow-up data of the two
groups are provided in Table III. With the prolongation of the
follow-up time, the UCLA, Constant and ASES scores increased
significantly in each group, while the VAS score decreased
significantly; significant differences were observed within the
same group at different time-points (P<0.05). No significant

difference was observed in the UCLA, Constant, ASES and
VAS scores at the pre-operative stage between the two groups
(P>0.05). Furthermore, no significant difference was observed
in the Constant and UCLA scores at 2 weeks post-operatively
between the two groups (P>0.05); however, the ASES score
of the subpectoral group at this time-point was significantly
higher than that of the arthroscopic group and the VAS score
of the subpectoral group was significantly lower than that of
the arthroscopic group (P<0.05). At 3 months post-operatively,
there was no significant difference in the UCLA, Constant
and ASES scores between the two groups (P>0.05); however,
the VAS score of the subpectoral group at this time-point was
still significantly better than that of the arthroscopic group
(P<0.05). No significant difference was observed in the UCLA,
Constant, VAS and ASES scores between the two groups at the
time-point of final follow-up (P>0.05).

ROM. The pre-operative ROM of the shoulder joint are
described in Table IV and mainly include Abd, internal rota-
tion (IR), external rotation to the side (ERs) and forward flexion
(FF). In the subpectoral group, the active FF changed from
138.25+24.18 pre-operatively to 160.24+13.94 at the time of the
final follow-up; furthermore, ERs changed from 45.96+11.32 to
59.96+10.85, IR from 38.42+9.18 to 56.71+8.73 and Abd from
145.80+21.42 to 170.17+8.32. In the arthroscopic tenodesis
group, the active FF changed from 136.82+25.77 pre-opera-
tively to 157.63+15.81 at the final follow-up; furthermore, ERs
changed from 46.83+14.74 to 58.32+11.41, IR from 38.93+8.35
to 54.26+£9.45 and Abd from 148.48+23.04 to 168.53+7.98
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Table II. Peri-operative data and comparison between two groups of patients.

Item Subpectoral group (n=35) Arthroscopic group (n=36) P-value
Operative time (min) 105.90+15.75 124 .38+18.84 <0.001
Intra-operative blood loss (ml) 40.28+4.92 64.46+8.77 <0.001

Values are expressed as the mean + standard deviation.

Figure 4. Small-incision open distal subpectoral tenodesis. Arthroscopy images were taken of the surgical procedure. (A) The LHBT was cut off under
arthroscopy, the white arrows show the point at which the LHBT was cut. (B) Removal of LHBT under ectopectoralis, knitting and suturing of the LHBT
with a tendon suture line. (C) Enhanced fixation of LHBT with interference screw. Schematic illustration of small-incision open distal subpectoral tenodesis,
(D) placement of the knitted LHBT into the drilled tunnel and (E) tightening of the interference screw. LHBT, long head of the biceps tendon.

Figure 5. Arthroscopic proximal tenodesis. Arthroscopy images were of the surgical procedure. (A) The white arrows point at the LHBT lesions. (B) The suture
anchor was implanted. (C) The LHBT was tied and fixed by suture anchor. Schematic illustration of arthroscopic proximal biceps tenodesis, (D) placement of
the knitted LHBT into the drilled tunnel and (E) the LHBT was fixed after the suture anchor was implanted. LHBT, long head of the biceps tendon.
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Table III. Comparison of clinical results between the two groups.
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Characteristic Subpectoral group (n=35) Arthroscopic group (n=36) P-value
UCLA score
BL 18.45+3.22 18.62+2.76 0.812
Post-operative week 2
Score 25.78+2.44 24.38+4.03 0.082
P-value <0.001 <0.001
Post-operative month 3
Score 29.46+3.71 29.07+3.15 0.634
P-value <0.001 <0.001
Last follow-up
Score 33.54+1.07 3341+1.24 0.638
P-value <0.001 <0.001
Constant score
BL 51.58+9.72 49.12+7.53 0.237
Post-operative week 2
Score 59.47+7.38 58.66+8.49 0.670
P-value <0.001 <0.001
Post-operative month 3
Score 72.32+10.71 74.71+£8.04 0.290
P-value <0.001 <0.001
Last follow-up
Score 88.49+4 .55 89.14+5.37 0.584
P-value <0.001 <0.001
ASES score
BL 42.81+4.68 41.74+£527 0.369
Post-operative week 2
Score 58.42+4.33 53.02+6.82 <0.001
P-value <0.001 <0.001
Post-operative month 3
Score 69.83+6.84 68.43+6.49 0.379
P-value <0.001 <0.001
Last follow-up
Score 86.13+7.58 87.69+5.27 0.316
P-value <0.001 <0.001
VAS score
BL 7.62+0.72 7.54+0.95 0.691
Post-operative week 2
Score 4.37+1.47 5.92+1.99 <0.001
P-value <0.001 <0.001
Post-operative month 3
Score 3.25+0.52 3.68+0.78 0.008
P-value <0.001 <0.001
Last follow-up
Score 2.04+0.83 2.13+091 0.665
P-value <0.001 <0.001

Values are expressed as the mean + standard deviation. Within-group P-values pertain to comparison with the BL. BL, baseline; UCLA, University
of California Los Angeles constant; ASES, American Shoulder and Elbow Surgeons; VAS, visual analog scale.

(Table IV). All values had improved significantly at the time
of the final follow-up (P<0.05). However, no significant differ-
ence was observed between the two groups with regard to
improvement in Abd, IR, ERs and FF of the shoulder joint.

Evaluation of complications using BAD and ultrasound.
Between the two groups, a significant difference was observed
in the synovitis around the bicipital groove at 3 months
(P<0.05), although no significant differences were observed



Bz SPANDIDOS

B PUBLICATIONS EXPERIMENTAL AND THERAPEUTIC MEDICINE 19: 861-870, 2020 867
Table IV. Comparison of range of motion between the two groups.
Item Subpectoral group (n=35) Arthroscopic group (n=36) P-value
BL
FF 138.25+24.18 136.82+25.77 0.810
ERg 45.96+11.32 46.83+14.74 0.782
IR 38.4249.18 38.93+8.35 0.807
Abd 145.80+21.42 148.48+23.04 0.614
Last follow-up
FF 160.24+13.94 157.63+15.81 0.464
P-value <0.001 <0.001
ERg 59.96+10.85 58.32+11.41 0.537
P-value <0.001 <0.001
IR 56.71+£8.73 54.26+9 .45 0.261
P-value <0.001 <0.001
Abd 170.17+8.32 168.53+7.98 0.397
P-value <0.001 <0.001

Values are expressed as the mean + standard deviation. Within-group P-values pertain to comparison with the BL. BL, baseline; n.s., no
significance (P>0.05); FF, forward flexion; ERg, external rotation at the side; IR, internal rotation; Abd, abduction.

Table V. Evaluations of the biceps tendon.

Item Subpectoral group (n=35) Arthroscopic group (n=36) P-value
Synovitis around the bicipital groove using U/S
Post-operative month 3 2 (5.71%) 12 (33.33%) 0.003
Last follow-up 0 (0%) 3 (8.33%) 0.248
BAD (cm) 0.26+0.12 0.29+0.09 0.237
Retear of rotator cuff 1 (2.86%) 3(8.33%) 0.627

Continuous data were expressed as the mean =+ standard deviation and constant data are expressed as n (%). Student's t-test and Chi-squared test
of independence were used for statistical analysis. BAD, biceps apex distance; U/S, ultrasonography; n.s., no significance (P>0.05).

between the two groups at the time of the final follow-up.
At 3 months post-operatively, synovitis around the bicipital
groove was detected in 2 cases (5.7%) of the subpectoral group,
which disappeared at the time of the final follow-up. In the
arthroscopic tenodesis group, 12 cases (33.3%) of synovitis
around the bicipital groove and 3 cases (8.3%) of residual
synovitis were detected at the time of the final follow-up. At
3 months post-operation, synovitis was significantly higher
in the arthroscopic tenodesis group (P<0.05). Until the last
follow-up RC re-tear occurred in one case (2.9%) of the
subpectoral group and 3 cases (8.3%) of the arthroscopic teno-
desis group (Table V). There was no significant difference in
the prevalence of re-tear between the two groups. There was
no case of fixation failure in the biceps in the two groups. No
significant difference in the BAD was observed between the
two groups at the time of the last follow-up.

Discussion

Proximal LHBT lesions are a common cause of shoulder pain
and dysfunction. Pure LHBT lesions are relatively rare; they

are frequently accompanied by RC injury (3-6,20-23). At
present, the clinical diagnosis of LHBT lesions is challenging
and the condition is easily neglected (42). Another challenge
for surgeons is the selection of the appropriate treatment
following diagnosis (21,43). For cases of mild LHBT lesion,
oral non-steroidal anti-inflammatory drugs, immobilization,
physiotherapy and other treatments are usually administered
at first, but even in slightly serious cases, surgical interven-
tion is required (37,44). Barber et al (45) have reported that a
local tear of the tendon of <25% is reversible and conserva-
tive treatment may be applied. However, when the tear area
exceeds 30% or the lesions are subluxation or degeneration
of the LHBT or above type II superior labrum anterior and
posterior lesion, local debridement alone may not achieve
satisfactory results. This is due to the fact that pain in the
shoulder may persist even following RCR (46-48). LHBT
tenotomy or tenodesis is commonly performed at the same
time as RCR.

In recent years, most researchers have focused on the
comparison between the curative effects of LHBT tenotomy
and tenodesis. A large number of clinical comparative
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studies and meta-analyses have assessed the treatment of
LHBT Ilesions combined with RCR with tenotomy and teno-
desis (20-23,49-53). These studies indicated that the pain and
function of the shoulder joint may be significantly improved
by the two methods. Zhang et al (21) observed no significant
differences in the curative effect, patient satisfaction and rate of
complications between the two groups. However, Oh ef al (22)
and Lee er al (51) suggested that LHBT tenodesis may main-
tain the supination function of the forearm and significantly
reduce the incidence of Popeye sign deformity, as compared
with simple LHBT tenotomy. Oh et al (22) also observed
that residual pain in the pectoral muscles following LHBT
tenotomy is likely to occur. A meta-analysis by Ge et al (49),
including 7 studies, suggested that LHBT tenodesis had a
higher Constant score and lower incidence of upper arm
spastic pain and Popeye sign deformity than simple tenotomy.
Shang et al (50) included 10 high-quality studies in their
meta-analysis. No significant differences were identified in
the function and incidence of upper arm spastic pain between
LHBT tenodesis and tenotomy; however, LHBT tenodesis still
had a lower incidence of Popeye sign deformity and a higher
Constant score. In general, simple LHBT tenotomy should
be avoided in physically active young patients with cosmetic
requirements.

Although the advantages of LHBT tenodesis regarding
biomechanics and clinical efficacy have been confirmed,
there is still considerable controversy regarding the choice
of fixing position. Arthroscopic proximal fixation and small
incision-assisted distal fixation are common. In recent years,
there have also been clinical studies on the comparison of
the efficacy between distal and proximal fixation of the
LHBT (15,16,54-58), all of which suggested that the two
methods have a good clinical efficacy, high patient satisfac-
tion and few complications; no significant differences were
observed in functional recovery, pain improvement and
complications between the two methods. However, in the study
by Duchman et al (15), a significant difference was observed
in the shoulder flexion function between the two groups. Few
studies compared and analyzed the efficacy of the preliminary
phase following surgery, and it was therefore not possible to
comprehensively evaluate the efficacy. In addition, LHBT
lesions alone are rare; they are frequently combined with other
complex shoulder diseases, such as subacromial impingement,
synovitis of shoulder joint, which was a limitation of the
present study. To date, only a small number of studies have
compared the clinical efficacy between distal and proximal
fixation of the LHBT in the treatment of patients with LHBT
lesions accompanied by RCR.

According to the results of the present study, small-incision
open distal subpectoral and arthroscopic proximal tenodesis
may effectively improve the function of the shoulder joint and
relieve pain. Up to the last follow-up, no significant difference
in the shoulder activity degree was observed between the two
groups. Small-incision open tenodesis had further advantages
pertaining to surgery time and amount of inter-operative
blood loss. At 2 weeks following surgery, the VAS and ASES
scores of the subpectoral group were higher than those of the
arthroscopic group. In the treatment of LHBT lesions combined
with RCR, the negative responses observed in the arthroscopic
group during the early follow-up, as compared with the effect
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in the subpectoral group, may be due to early intrapectoral
inflammation in the arthroscopic group. On the other hand,
LHBT tendonitis may have pre-existed. Arthroscopy is the
gold standard for diagnosing LHBT lesions (59); even under
maximum visualization during shoulder arthroscopy (60), the
average moving length of the LHBT in the cadaver model is
15-19 mm (61,62), which is ~14 mm in the human body (63).
Only 78% of the length from the beginning of LHBT to the
lower edge of the tendon of the subscapularis muscle and 55%
of the proximal edge of the pectoralis major muscle may be
observed, which means that nearly 1/3 of the tendinous parts of
the LHBT cannot be observed in the joint (62). Moon et al (64)
reported that ~80% of intra-articular tendon tears had hidden
lesions extending to the outer part of the distal joint. Therefore,
distal tenodesis is considered to be a better option for removing
all hidden LHBT lesions, as it is challenging to control the
length and tension of the LHBT via arthroscopic proximal
tenodesis. On the other hand, the early intrapectoral inflam-
mation in the arthroscopic group may be due to tension-length
mismatch or LHBT tenosynovitis caused by the insertion of a
fixation screw under the acromion; small-incision open distal
subpectoral tenodesis is able to remove all hidden LHBT
lesions and avoid pain caused by inflammation of remaining
LHBT lesions. In the present study, the identification of
synovitis around the bicipital groove was an important result.
Therefore, as compared with arthroscopic proximal tenodesis,
small-incision open distal subpectoral distal tenodesis is a
more effective way to relieve pain and avoid post-operative
LHBT tenosynovitis. However, regardless of the surgical
method, the present study suggested that the synovitis around
the bicipital groove did not completely disappear at 3 months
post-operatively. Therefore, in order to obtain better results as
rapidly as possible, the inflammatory tissue must be carefully
cleaned during surgery.

The present study had certain limitations. First, it was not a
randomized controlled trial or a prospective trial. Furthermore,
the average follow-up time of ~21 months employed in the
study is insufficient to assess long-term outcomes. In addition,
the strength of the elbow joint was not assessed and not all
types of RC injury (such as rupture of at least two of the four
RC tendons) were covered. Due to the lack of continuous MRI
and LHBT biopsy, it was not possible to confirm whether the
advantages of small-incision open distal subpectoral biceps
tenodesis in early functional therapy and remaining biceps
tendinitis were directly correlated, which may be the focus of
future research.

In conclusion, small-incision open distal subpectoral
and arthroscopic proximal biceps tenodesis may effectively
improve the function of the shoulder joint and relieve pain in
the treatment of LHBT lesions accompanied by RC tears. By
contrast, small-incision open distal subpectoral tenodesis has
the advantages of shorter surgery time, less intra-operative
bleeding and encouraging early results over arthroscopic prox-
imal tenodesis. However, regardless of the surgical method,
special attention should be paid to the careful removal of the
inflammatory tissue.
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