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Abstract. The purpose of the present study was to compare the 
results of open subpectoral biceps tenodesis and arthroscopic 
proximal biceps tenodesis for treating long head of biceps 
(LHB) lesions. From January 2015 to June 2016, a total of 
259  patients underwent LHB tenodesis surgery. Among 
them, 117 patients (60 females and 57 males) who met the 
inclusion and exclusion criteria were enrolled into the present 
study and were randomly divided into two groups, including 
an open subpectoral tenodesis group (OSPBT; n=62) and an 
arthroscopic proximal tenodesis group (ASPBT; n=55). All 
patients were followed up for at least 12 months. The demo-
graphic characteristics of each patient were recorded in detail. 
Moreover, clinical examinations of LHB lesions, such as 
shoulder range of motion (ROM), Visual Analog Scale (VAS) 
scores (0, no pain, to 10, most severe pain), American Shoulder 
and Elbow Surgeons (ASES) scores, and Constant‑Murley 
shoulder outcome scores, were investigated prior to surgery, 
as well as 3, 6 and 12 months after surgery. Postoperative 
complications were also comprehensively investigated. There 
were no significant differences in sex, body mass index, domi-
nant shoulder, duration of pain, injury type and operation time 
between the groups. The mean length of hospital stay in the 
ASPBT group was significantly lower than that of the OSPBT 
group (5.4±1.8 days vs. 9.3±2.9 days; P<0.05). The clinical 
outcomes, including shoulder ROMs, VAS scores, ASES 
scores and Constant‑Murley shoulder outcome scores, were 
significantly improved after either OSPBT or ASPBT treat-
ment. Specifically, the VAS score, incidence of postoperative 
stiffness and bicipital groove tenderness in the OSPBT group 
were significantly lower than those in the ASPBT group at 
3 months post‑surgery (P<0.05). Additionally, there were no 

significant difference in the improvement of other clinical 
outcomes and postoperative complications between the two 
groups. ASPBT and OSPBT were both effective and safe 
techniques for treating LHB lesions. However, tenderness of 
the bicipital groove was more common in the early stages of 
recovery post‑surgery in the ASPBT group, which may be 
related to tendinitis of the LHB in the bicipital groove.

Introduction

Lesions of the long head of the biceps (LHB) tendon have been 
widely considered to be a notable trigger for anterior shoulder 
pain  (1). Patients with mild symptoms of tendinopathy or 
partial LHB tears (<50% of tendon width), non‑surgical 
treatments, such as rest, physical therapy, non‑steroidal 
anti‑inflammatory drug treatment and intra‑articular injection 
of corticosteroids, can be effective; however, for most cases, 
including partial‑thickness LHB tears, LHB instability/sublux-
ation, associated rotator cuff tears, biceps pulley lesions and 
superior labrum anterior‑posterior (SLAP) lesions, surgical 
intervention is still the preferred method of treatment (2‑4). 
Biceps tenotomy and tenodesis have become two of the most 
commonly performed surgical procedures for lesions of the 
LHB tendons (5). Although tenotomy is a relatively simple and 
reproducible procedure which can significantly relieve shoulder 
pain without postoperative rehabilitation, it is only indicated 
for patients aged over 60 years, who are not involved in heavy 
labor and high‑demand activities  (6). Moreover, tenotomy 
has a higher incidence of cosmetic deformity (Popeye sign) 
than that of tenodesis (43 vs. 8%) (7). Therefore, tenodesis is 
currently the preferred technique for treating LHB lesions as it 
provides a better recovery of physical activity, fewer cosmetic 
deformities and more closely aligns with normal anatomy, 
despite a longer postoperative rehabilitation time and higher 
technical demand (8).

Numerous techniques have been applied with LHB teno-
desis, including arthroscopic techniques and minimally open or 
open surgeries (9). Moreover, tenodesis sites can be positioned 
in the suprapectoral location just proximal to the pectoralis 
major tendon, the subpectoral location, or other positions 
such as the conjoint tendon or soft tissue sites (10). Although 
comparably preferable clinical outcomes have been reported 
in various studies investigating both open subpectoral biceps 
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tenodesis (OSPBT) and arthroscopic suprapectoral biceps 
tenodesis (ASPBT), the results are still controversial and there 
is limited information regarding postoperative complications, 
such as re‑tears, implant failure, nerve and vascular injuries, 
bicipital groove tenderness, deformities, and postoperative 
infection and stiffness (11,12).

The present study retrospectively investigated 117 cases 
who underwent LHB tenodesis. OSPBT and ASPBT were 
compared, including pre‑/post‑surgery shoulder range of 
motion (ROM), visual analog scale (VAS) scores, American 
Shoulder and Elbow Surgeons (ASES) scores, Constant‑Murley 
shoulder outcome scores and postoperative complications. The 
purpose of the present study was to identify the differences in 
clinical outcomes and related complications between OSPBT 
and ASPBT.

Materials and methods

Study design and patients. This retrospective, single‑center 
study was performed based on a protocol approved by the 
institutional review board at The First Affiliated Hospital of 
Anhui Medical University (Hefei, China), and was in accor-
dance with the Good Clinical Practice guidelines (13) and the 
principles of the Declaration of Helsinki. Medical records of 
adult patients who had received LHB tenodesis surgeries at 
the Department of Orthopedics, The First Affiliated Hospital 
of Anhui Medical University between January  2015 and 
June 2016 were reviewed (n=259). The inclusion criteria were 
as follows: The diagnosis of SLAP tears; complete or partial 
tearing of the LHB; biceps lesions (tenosynovitis); and LHB 
instability/subluxation or associated rotator cuff tears (small‑ 
or medium‑sized). Additionally, the inclusion criteria also 
included the presence of LHB lesion symptoms and signs, 
such as anterior shoulder pain, bicipital groove tenderness 
and positive results from the Speeds, Yergason's and O'Brien's 
tests; conservative treatments for at least 3 months; complete 
clinical evaluations and MRI scans; and followed up for 
more than 12 months. The exclusion criteria were as follows: 
Patients <18 years old; glenoid labrum lesions; glenohumeral 
instability; preoperative ROM deficit due to frozen shoulder 
or glenohumeral arthritis; contralateral shoulder injury or 
surgery; shoulder arthroplasty; massive rotator cuff tear; and 
neuromuscular disorder‑related shoulder pain.

Grouping and treatments. A total of 117 patients (60 women 
and 57 men) who met the inclusion and exclusion criteria were 
enrolled in this study and randomly divided into two groups, 
the OSPBT group (n=62) and the ASPBT group (n=55). All 
tenodesis procedures (OSPBT and ASPBT) were performed 
by the same group of experienced orthopedic surgeons at 
The First Affiliated Hospital of Anhui Medical University. 
The choice of surgical technique was determined by surgeon 
preference.

Surgical technique and rehabilitation. OSPBT was performed 
using the surgical technique described by Mazzocca et al (14). 
After positioning the upper arm in the external rotation posi-
tion, the inferior margin of the pectoralis major was palpated 
and a 2‑3 cm incision was made near the inferior margin of the 
pectoralis major in the axillary region. A Hohmann retractor 

was placed under the pectoralis major and a Chandler retractor 
was placed over the medial side of the humerus to enlarge the 
operative visual field. Subsequently, the LHB was isolated 
and extracted from the glenohumeral joint and LHB sheath 
by using a right‑angle clamp (Fig. 1). The end of the LHB 
(3‑4 cm) was removed and the terminal 3 cm of the tendon 
was stitched using a no. 2 high‑strength suture. An appropri-
ately sized interference screw implant (7 mm interference 
bio‑screw; Arthrex GmbH) was used to affix the tendon into 
the reamed tenodesis site.

ASPBT was performed according to previously reported 
surgical techniques (15,16). After positioning the upper arm in 
the external rotation position, a probe was used to locate the 
major tubercle and medial side of the intertubercular groove. 
The arthroscope was repositioned into the lateral portal and 
the biceps tendon was identified in the sheath within the inter-
tubercular groove. As shown in Fig. 2, coblation was then used 
to release the biceps tendon from the sheath and an appropriate 
position for tenodesis was localized proximal to the pectoralis 
major tendon. Subsequently, a portal was established at this 
location and a guide wire was placed. A 7.5 mm reamer was 
drilled in the center of intertubercular groove to the appro-
priate depth. A polydioxanone suture was used to stabilize the 
proximal tendon and the Swivelock screw (Arthrex GmbH) 
was then used to affix the tendon into the reamed tenodesis 
site. A postoperative X‑ray examination was performed to 
identify the position (Fig. 3).

Both treatment groups received the same postoperative 
rehabilitation program. In general, only passive exercises were 
performed in the first 6 weeks. Thereafter, active‑assisted 
ROM and active exercises were permitted for the subsequent 
6 weeks. From the 13th week, patients could begin biceps 
strengthening exercises. Specifically, for patients with rotator 
cuff tears and LHB lesions, the wounded shoulder was fixed 
with an abduction brace for 4 weeks and only passive exer-
cises of elbow joints could be performed for the first 2 of 
these 4 weeks. Thereafter, passive exercises of the shoulder 
joints were allowed. For patients without rotator cuff tears, 
the wounded shoulder was fixed with an abduction brace for 
2 weeks and only passive exercises of the shoulder and elbow 
joints were performed during the first 6 weeks.

Demographic characteristics and clinical examinations. The 
demographics of each patient were recorded in detail, including 
the age, sex, body mass index (BMI), smoking history, domi-
nant shoulder, duration of pain, injury types, operation time 
and hospital stay. Moreover, clinical examinations of LHB 
lesions such as shoulder ROM, VAS scores (0, no pain, to 
10, most severe pain), ASES scores and Constant‑Murley 
shoulder outcome scores (Constant scores) were investigated 
preoperatively, as well as at 3, 6 and 12 months post‑surgery. 
All patients received at least 12 months follow‑up care after 
hospital discharge and the patients were advised to attend the 
associated outpatient clinic to complete these clinical assess-
ments during this period. A total of 12 months following 
the surgery, the patients were contacted for follow‑up using 
a telephone enquiry investigating abnormal signs of pain, 
instability or deformity, as had been mutually agreed. All 
patients were invited to the associated outpatient clinic if any 
abnormal signs appeared. Comprehensive evaluations and 
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imaging examinations were performed to clarify the injury 
types and degrees. Furthermore, postoperative complica-
tions, including re‑tears, implant failure, nerve and vascular 
injuries, bicipital groove tenderness, deformities (Popeye 
sign), postoperative infection and stiffness were comprehen-
sively investigated.

Statistical analysis. Statistical analysis was performed using SPSS 
software (version 19.0; IBM Corp.). The results are presented as 
the mean ± SD. Student's t‑test and one/two‑way ANOVAs were 
applied for continuous data, with Bonferroni post‑hoc tests. χ2 

tests were applied for the categorical data. P<0.05 was considered 
to indicate a statistically significant difference.

Results

Demographic characteristics. A total of 117 adult patients 
(60 women and 57 men) with LHB lesions who met the inclu-
sion and exclusion criteria were enrolled in the present study 
and divided into two groups, the OSPBT group (n=62) and 
the ASPBT group (n=55). The mean age of all 117 patients 
was 56.51±8.79 years (range, 32‑78 years) and there were 

Figure 1. A representative image of the isolation and extraction of long head of biceps tendon in the open subpectoral tenodesis procedure.

Figure 2. Surgical procedures during the arthroscopic suprapectoral biceps tenodesis. (A) Identifying and (B) releasing the biceps tendon from its sheath, and 
(C) locating and (D) identifying the appropriate position for tenodesis. (E) Positioning, (F) drilling, (G) stabilizing and (H) affixing the tendon.
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no significant differences in the mean ages between the 
OSPBT group (57.36±8.81 years old) and the ASPBT group 
(55.05±8.74 years old) (P>0.05). As shown in Table I, there 
were no significant differences in gender, BMI, dominant 
shoulder, duration of pain, injury type and operation time 
between the two groups. The mean number of days of hospital 
stay in the ASPBT group was significantly lower than that 
in the OSPBT group (5.4±1.8 vs. 9.3±2.9 days; P<0.05). All 
patients had completed at least 12 months of follow‑up and 
the mean lengths of follow‑up treatment in the OSPBT group 
and the ASPBT group were 20.11±7.10 and 20.51±7.47 months, 
respectively. A total of 34 patients abandoned the follow‑up 
study after 12 months, including 18 patients from the OSPBT 
group and 16 patients from the ASPBT group.

Clinical examinations. The clinical examinations, including 
VAS scores, Constant scores and ASES scores were taken 
preoperatively, as well as 3, 6 and 12 months post‑surgery. 
VAS scores (0, no pain, to 10, most severe pain) were applied 
for evaluating shoulder pain. As shown in Table II, the VAS 
scores in both groups at 3, 6  and 12 months post‑surgery 
were significantly lower than the VAS scores of both groups 
preoperatively (P<0.05). At 3 months post‑surgery, the VAS 
score in OSPBT group (2.41±0.76) was significantly lower 
than that in the ASPBT group (3.59±1.02; P<0.05). Moreover, 
there were no significant differences in the VAS scores 
between the OSPBT group and the ASPBT group preopera-
tively, at 6 or 12 months post‑surgery (P>0.05). The average 

Constant scores and ASES scores between the two groups 
are also presented in Table II. The Constant scores and ASES 
scores of both groups at 3, 6 and 12 months post‑surgery were 
significantly higher than the respective scores preoperatively 
in both groups (P<0.05). However, there were no significant 
differences observed in the Constant scores and ASES scores 
between the OSPBT group and the ASPBT group at any stage 
of the study (P>0.05).

ROM. The active ROMs, including forward elevation, abduc-
tion and external rotation, were evaluated preoperatively 
and at 12  months post‑surgery. As shown in Fig.  4, the 
postoperative active ROMs were significantly higher than the 
preoperative active ROMs in both groups (P<0.05). However, 
there were no significant differences in the preoperative or 
postoperative active ROMs between the two groups (P>0.05).

Postoperative complications. The postoperative complications, 
including re‑tears, deformities (Popeye sign), implant failure, 
neurovascular injury, postoperative infection, stiffness and 
bicipital groove tenderness, were comprehensively investigated. 
As shown in Table III, there were no incidences of re‑tears, defor-
mities (Popeye sign), implant failure, neurovascular injury or 
postoperative infection. Moreover, the incidence of postoperative 
stiffness in the OSPBT group (3, 5.5%) was significantly lower 
than that in the ASPBT group (11, 17.7%; P<0.05). Furthermore, 
the incidences of bicipital groove tenderness in both two groups 
at 3, 6 and 12 months post‑surgery were significantly lower than 

Figure 3. A representative post‑operative X‑ray examination from the arthroscopic suprapectoral biceps tenodesis group.
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the incidences of bicipital groove tenderness in both groups on 
discharge day (P<0.05). At 3 months post‑surgery, the incidence 
of bicipital groove tenderness in OSPBT group (10, 16.1%) 
was significantly lower than that in ASPBT group (23, 41.8%; 

Table I. Demographic characteristics of patients in the OSPBT group and the ASPBT group.

Variable	 OSPBT (n=62)	 ASPBT (n=55)	 P‑value

Age, years	 57.36±8.81	 55.05±8.74	 0.64
Female, n (%)	 33 (53.2%)	 29 (52.7%)	 0.85
BMI, kg/m2	 28.38±2.69	 28.77±2.41	 0.39
Smoking, n (%)	   9 (14.5%)	   7 (12.7%)	 0.72
Dominant shoulder			 
  Right, n (%)	 38 (61.3%)	 34 (61.8%)	 0.81
Duration of pain, months	 16.16±7.77	 15.74±7.79	 0.65
Injury types, n (%) 			 
  SLAP tear	 30 (48.4%)	 20 (36.4%)	 0.14
  Biceps tear	 37 (59.7%)	 32 (58.2%)	 0.74
  Tenosynovitis	   9 (14.5%)	 5 (9.1%)	 0.21
  LHB subluxation	 18 (29.0%)	 15 (27.3%)	 0.53
  Rotator cuff tear	 55 (88.7%)	 46 (83.6%)	 0.48
  Small‑sized	 26 (41.9%)	 21 (38.2%)	 0.51
  Medium‑sized	 29 (46.8%)	 25 (45.5%)	 0.24
Operation time, h	   2.63±0.63	   3.12±0.75	 0.09
Hospital stay, days	   9.3±2.9	   5.4±1.8	 0.03
Follow‑up, months	 20.11±7.10	 20.51±7.47	 0.78

Data are presented as the mean ± SD or n (%), and P<0.05 was considered to indicate a statistically significant difference when comparing the 
OSPBT group with the ASPBT group. ASPBT, arthroscopic suprapectoral biceps tenodesis; BMI, body mass index; OSPBT, open subpectoral 
biceps tenodesis; SLAP, superior labrum anterior‑posterior. 

Table II. Clinical examinations of patients in the OSPBT group 
and the ASPBT group.

Variable	 OSPBT	 ASPBT

VAS score 		
  Preoperative	 5.02±1.05	 4.92±1.51
  3 months postoperatively	 2.41±0.76a,b	 3.59±1.02a

  6 months postoperatively	 1.64±0.81a	 1.77±0.81a

  12 months postoperatively	 0.95±0.65a	 1.18±1.36a

Constant score		
  Preoperative	 53.75±7.19	 52.08±10.54
  3 months postoperatively	 63.25±7.01a	 60.61±6.39a

  6 months postoperatively	 81.16±6.32a	 78.64±5.14a

  12 months postoperatively	 90.71±4.29a	 90.38±3.14a

ASES score 		
  Preoperative	 52.89±8.16	 49.51±11.05
  3 months postoperatively	 68.39±3.98a	 64.84±4.07a

  6 months postoperatively	 80.52±5.93a	 78.36±5.53a

  12 months postoperatively	 89.05±4.02a	 88.51±3.42a

Data presented as the mean  ±  SD or n (%), and P<0.05 was 
considered to indicate a statistically significant difference. aP<0.05 
vs.  respective preoperative score; bP<0.05 vs. ASPBT. ASES, 
American Shoulder and Elbow Surgeons; ASPBT, arthroscopic 
suprapectoral biceps tenodesis; Constant score, Constant‑Murley 
shoulder outcome scores; OSPBT, open subpectoral biceps teno-
desis; VAS, visual analog scale.

Figure 4. Degrees of active range of motion in the OSPBT and the ASPBT 
groups. Data are presented as the mean ± SD or n (%), and P<0.05 was consid-
ered to indicate a statistically significant difference. *P<0.05 vs. respective 
OSPBT preoperative score; #P<0.05 vs. respective ASPBT preoperative score. 
Pre‑FE, preoperative forward elevation; post‑FE, postoperative forward 
elevation; pre‑AB, preoperative abduction; post‑AB, postoperative abduc-
tion; pre‑ER, preoperative external rotation; post‑ER, Postoperative external 
rotation; ASPBT, arthroscopic suprapectoral biceps tenodesis; OSPBT, open 
subpectoral biceps tenodesis.
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P<0.05). Similarly, at 6 months post‑surgery, the incidence of 
bicipital groove tenderness in the OSPBT group (4, 6.4%) was 
significantly lower than that in the ASPBT group (12, 21.8%; 
P<0.05). However, there was no significant difference in the 
incidences of bicipital groove tenderness between the OSPBT 
group and the ASPBT group at 12 months post‑surgery (P>0.05).

Discussion

In recent years, various techniques regarding LHB tenodesis 
have been reported, and among them, bony interference 
fixation tenodesis (BIFT) is the most widely used technique, 
exhibiting good clinical outcomes and a low rate of surgical 
complications (9,17). Furthermore, soft tissue fixation (STT) 
is associated with excellent performance, without producing 
subscapular lesions or Popeye's deformity (18). Hwang et al (19) 
suggested that arthroscopic BIFT at the distal bicipital groove 
produced a greater improvement in the elbow flexion strength 
index and a lower failure rate than STT. Chiang et al (20) 
investigated the biomechanical characteristics of suture anchor 
and interference screw fixation in subpectoral tenodesis, 
and reported that both of the techniques led to an equivalent 
ultimate failure load and stiffness. However, the interference 
screw fixation technique was associated with significantly less 
displacement in response to cyclic and failure loading.

In regards to the safety of tenodesis, brachial plexop-
athy  (21), musculocutaneous nerve injury and lateral 
antebrachial cutaneous nerve injury  (22,23) have been 
reported after OSPBT. Ma et al (24) reported a case of direct 
musculocutaneous nerve injury in subpectoral tenodesis, 
whereby the nerve was wrapped around the LHB in the revi-
sion surgery. Sethi et al (25) assessed the risk for neurological 
injury of open suprapectoral and subpectoral biceps tenodesis 
in cadavers, and suggested that penetration of the posterior 

humeral cortex at the suprapectoral location results in a high 
risk of damaging the axillary nerve due to its proximity, and 
should be avoided. Subpectoral bicortical button fixation 
drilled uniformly perpendicular to the axis of the humerus is 
performed in a safe location with respect to the axillary nerve. 
In this present study, it was found that the incidences of post-
operative complications, such as re‑tears, deformities (Popeye 
sign), implant failure, neurovascular injury and postoperative 
infection, were nil. Therefore, both suprapectoral and subpec-
toral tenodesis were deemed safe.

The results showed that the clinical outcomes, including 
shoulder ROMs, VAS scores, ASES scores and Constant 
scores, were significantly improved after OSPBT or ASPBT. 
Moreover, there were no significant differences in the 
improvement of clinical outcomes between the two groups. 
However, Gilmer et al (26) suggested that only 17% length 
of LHB tendon can be observed in ASPBT, and only 32% 
length of LHB can be observed in ASPBT even when the 
tendon is pulled into the joint with an arthroscopic grasper. 
This indicated that OSPBT may be the optimal method of 
tenodesis for the complete removal of all hidden biceps lesions 
and for the revision of failed postoperative LHB lesions (27). 
Kolz et al (28) compared the mechanical properties between 
OSPBT and ASPBT, and indicated that LHB in the suprapec-
toral region tended to have higher tensile strength than in the 
subpectoral region, and LHB tenodesis in the suprapectoral 
region could withstand higher failure loads and become more 
arthroscopically accessible. Furthermore, this present study 
found that the incidences of postoperative stiffness and bicip-
ital groove tenderness in the ASPBT group were significantly 
higher than those in the OSPBT group. It was also reported 
that the VAS score in the OSPBT group was significantly 
lower than that in the ASPBT group at 3 months post‑surgery. 
Similarly, Yi et al (29) suggested that VAS scores and tender-
ness at the bicipital groove were significantly decreased in the 
OSPBT group at the early stage post‑surgery. However, there 
were no significant differences in ASES and Constant scores 
in this present study. This indicated that the early results of 
VAS score (within 3 months post‑surgery) and bicipital groove 
tenderness (within 6 months post‑surgery) for subpectoral 
tenodesis was related to the removal of the biceps tendinitis.

There were several limitations with this study, including: 
An insufficient number of enrolled patients; the absence of 
extended follow‑up research; a lack of MRI data from enrolled 
patients preoperatively and postoperatively, especially MRI 
changes during the follow‑up; and the study was not a prospec-
tive, randomized controlled trial.

In conclusion, the clinical outcomes, including shoulder 
ROMs, VAS scores, ASES scores and Constant scores, were 
significantly improved after OSPBT or ASPBT. Specifically, 
the VAS score, and the incidences of postoperative stiffness 
and bicipital groove tenderness in the OSPBT group were 
significantly lower than those in the ASPBT group at 3 months 
post‑surgery. Moreover, there were no significant differences 
in the improvement of other clinical outcomes and postopera-
tive complications between the two groups.
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