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Assessment of the Preserved Biceps Tendon
After Arthroscopic Rotator Cuff Repair in

Patients � 55 Years

Itaru Kawashima, M.D., Hiroyuki Sugaya, M.D., Norimasa Takahashi, M.D.,
Keisuke Matsuki, M.D., Morihito Tokai, M.D., Hideki Hiraiwa, M.D., and

Shiro Imagama, M.D.
Purpose: We assessed hypertrophy of preserved long head of the biceps tendon (LHBT) and vascularity in the bicipital
groove after arthroscopic rotator cuff repair in �55-year-old patients and compared postoperative pain between shoulders
with or without vascularity in the bicipital groove. Methods: Patients who underwent arthroscopic rotator cuff repair
between 2015 and 2017 were reviewed. Inclusion criteria were arthroscopic rotator cuff repair and �55 years old.
Exclusion criteria were a history of contralateral rotator cuff repair, revision surgery, partial repair or superior capsular
reconstruction, shoulder dislocation or fracture, torn LHBT at surgery, LHBT tenodesis, retears, <1-year follow-up, and
incomplete follow-up data. Cross-sectional area (CSA) of the LHBT and vascularity in the bicipital groove were examined
preoperatively and 1 year after surgery using ultrasonography. Shoulder pain at postoperative 1 year was assessed using
the pain subscore of the University of California at Los Angeles scale. The data were compared between shoulders with
negative and positive vascularity. Results: Fifty-seven shoulders were included in this study. There was no side-to-side
difference in preoperative CSA. No difference was found between preoperative and postoperative CSA in the affected
shoulders. Postoperative vascularity was identified in 28 (49%) shoulders. Mean pain score was significantly higher in the
negative vascularity group than the positive vascularity group (9 and 8, respectively; P ¼ .002). Conclusions: The
preserved LHBT did not show hypertrophy 1 year after arthroscopic repair of medium-sized or smaller posterosuperior
rotator cuff tear in �55-year-old patients. However, 49% of the shoulders postoperatively demonstrated lower-grade
vascularity in the bicipital groove. Healthy LHBT can be preserved in �55-year-old patients with posterosuperior
medium-sized or smaller rotator cuff tears. Level of Evidence: III, retrospective comparative prognostic trial
Introduction
ong head of the biceps tendon (LHBT) lesions are
Lconsidered as a common source of anterior shoul-

der pain.1 They are often associated with rotator cuff
tears rather than presented as isolated pathology.2

Recently, many surgeons prefer to treat LHBT lesions
in addition to rotator cuff repair.3,4 We also have been
performing biceps tenotomy or tenodesis for most
shoulders with rotator cuff tears in middle-aged and
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elderly patients. On the other hand, the higher
complication rates after tenotomy have been reported
in patients aged �55 years.5,6 It remains controversial
whether the LHBT should be treated in addition to ro-
tator cuff repair in relatively younger patients.
Takahashi et al.7 have reported in an ultrasono-

graphic study that the LHBT could be a cause of post-
operative pain with progressive hypertrophy of the
tendon, even after successful rotator cuff repairs. They
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have also demonstrated that vascularity in the bicipital
groove was correlated with postoperative pain.7 In
addition, significant hypertrophy of the extra-articular
LHBT was observed in shoulders with an ante-
rosuperior cuff tear or with a posterosuperior cuff tear
larger than medium-sized tear.8 It has been reported
that patients who underwent rotator cuff repair with
biceps tenodesis showed earlier pain relief than patients
without LHBT treatment.9 On the other hand, it has
been reported that LHBT works as a stabilizer of the
humeral head10,11 and that loss of LHBT was associated
with a small increase in superior translation of the
humeral head.12 According to these findings, we have
been preserving the LHBT only when a shoulder with a
medium-sized or smaller tear showed no hypertrophy
of the extra-articular LHBT and no or mild vascularity
in the bicipital groove on preoperative ultrasonography.
However, it was still unknown whether LHBTs that

were preserved under our indication would not show
progressive hypertrophy after surgery in a relatively
young population. Moreover, it was also unclear
whether vascularity around preserved LHBTs would be
related to postoperative pain.
The purposes of this study were to assess hypertrophy

of preserved LHBT and vascularity in the bicipital
groove after arthroscopic rotator cuff repair in �55-
year-old patients and to compare postoperative pain
between shoulders with or without vascularity in the
bicipital groove. We hypothesized that no significant
hypertrophy of the LHBT would be observed after
surgery in patients with preserved LHBT and that
shoulders with vascularity in the bicipital groove would
be related to postoperative pain.
Methods

Patient Selection
This retrospective cohort study was approved by the

Institutional Review Board and Ethics Committee of
Funabashi Orthopaedic Hospital, Funabashi, Chiba,
Japan. Medical records of patients who underwent
arthroscopic rotator cuff repair at our institute between
January 2015 and December 2017 were retrospectively
reviewed.
Inclusion criteria of this study were arthroscopic ro-

tator cuff repair and �55 years old. Exclusion criteria
were history of contralateral rotator cuff repair, revision
surgery, partial rotator cuff repair, or superior capsular
reconstruction, rotator cuff tears associated with
shoulder dislocation or fracture, torn LHBT at surgery,
LHBT tenodesis, rotator cuff retear at postoperative
1-year MRI (Sugaya classification type 4 or 513), and
<1-year follow up, and incomplete follow-up data.
Patient records, including surgical reports were

reviewed for demographic information (age, height,
body weight, and body mass index [BMI]) and surgical
procedures.

Surgical Procedure and Postoperative
Rehabilitation
Under general anesthesia with an interscalene block,

the surgeries were performed in the beach-chair posi-
tion by multiple surgeons (4 senior surgeons and 3
fellows under senior surgeons’ supervision). Diagnostic
arthroscopic examination of the glenohumeral joint
was conducted via a standard posterior portal with
special attention to LHBT lesions. Rotator cuff tear size
was determined by each surgeon as mediolateral
length, according to DeOrio and Cofield classification:
partial; small, <1 cm; medium, 1 to 3 cm; large, 3 to 5
cm; massive, >5 cm.14 After routine subacromial
decompression, rotator cuff tears were repaired using
arthroscopic medial knot-tying after suture bridge
lateral row repair techniques described by Takeuchi
et al.15 Partial tears were taken down into full-thickness
tears and repaired using the same techniques.
An abduction sling was used for 4 weeks after sur-

gery. On the following day after surgery, isometric ro-
tator cuff exercise and relaxation of the shoulder girdle
muscles were initiated. Passive and active-assisted
range of motion exercises were initiated after sling
removal. Active range of motion and muscle strength-
ening exercises were initiated 6 weeks after surgery.
According to the functional recovery of each patient,
light physical activities or exercises were allowed 3
months after surgery, and vigorous physical activities or
exercises were allowed 6 months after surgery.

Ultrasonographic Evaluation
Bilateral shoulderswereexaminedpreoperatively and1

year after surgery by experienced radiologists who were
blind to postoperative clinical outcomes of each patient,
including pain evaluation using a high-resolution ultra-
sonography system (EUB7500; Hitachi Medical Corpo-
ration, Tokyo Japan). The ultrasound images were
obtained with a high-frequency transducer (14 MHz).
To assess the LHBT, the cross-sectional area (CSA) of

the LHBT was measured in the bicipital groove using the
trapezoidal shape of lesser tuberosity as a reference with
the shoulder in a neutral position.7 Power Doppler so-
nography (PDS) was used to evaluate vascularity in the
bicipital groove. According to the previous study,7

vascularity was evaluated in 4 grades: Grade 0, no
signal or a signal of the anterior circumflex artery; Grade
1, a single vessel signal other than the anterior circumflex
artery; Grade 2, integration of signals that occupied less
than half of the image area in the area surrounding the
LHBT; and Grade 3, integration of signals that occupied
more than half of the image area. In this study, Grade
0 was defined as negative vascularity, and Grade 1 to 3
was defined as positive vascularity.



Fig 1. Flowchart of patient selection.

Table 1. Demographic Data

Parameter Value

Male/Female 30/27
Right/Left 38/19
Age, year 48 � 7 (20e55)
Height, cm 165 � 9 (147e176)
Body weight, kg 63.7 � 12.3 (45.5e9.7)
BMI, kg/m2 23.3 � 3.5 (18.3e31.8)
Rotator cuff tear size
Partial tear 33
Small tear 19
Medium tear 5
Large tear 0
Massive tear 0
Subscapularis tear 0

The values are given as mean � SD (range).
BMI, body mass index
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Postoperative Pain Evaluation
According to the previous study,7 shoulder pain at

postoperative 1 year was assessed by one of four senior
shoulder surgeons (H.S., N.T., K.M., and M.T.) using the
pain subscore of the University of California at Los
Angeles (UCLA) shoulder rating scale,16 which has been
reported to have good internal consistency with the
Simple Shoulder Test and the Shoulder Pain and
Disability Index.17 To assess the relationships between
postoperative pain and vascularity in the bicipital groove,
the shoulders were divided into two groups, according to
postoperative vascularity: negative vascularity group
(Grade 0) and positive vascularity group (Grade 1 to 3).

Statistical Analysis
All statistical analyses were performed using EZR

(Saitama Medical Center, Jichi Medical University,
Saitama, Japan), which is a graphical user interface for
R (The R Foundation for Statistical Computing, Vienna,
Austria). More precisely, it is a modified version of R
commander designed to add statistical functions
frequently used in biostatistics. The paired t-tests and
Fisher’s exact tests were used to compare preoperative
and postoperative outcomes of ultrasonographic eval-
uation. The Mann-Whitney U-tests and Fisher’s exact
tests were used to compare data between negative and
positive vascularity groups. P values <.05 were
considered statistically significant. A post hoc power
analysis was performed on the basis of the data of
preoperative and postoperative CSA comparison by use
of an a value of .05.

Results
During the study period, arthroscopic rotator cuff

repair was performed in 222 shoulders of 220 patients
aged �55 years. One-hundred forty-four shoulders of
142 patients were excluded because of a history of
contralateral rotator cuff repair (4 shoulders), revision
surgery (10 shoulders), superior capsular reconstruc-
tion (4 shoulders), rotator cuff tears associated with
dislocation or fracture (22 shoulders), torn LHBT at
surgery (4 shoulders), and LHB tenodesis (100
shoulders). Among the remaining 78 shoulders, 21
shoulders were excluded due to lost follow-up or
incomplete follow-up data. Consequently, this study
included 57 shoulders with the follow-up rate of 73%
(57/78) (Fig 1). They consisted of 30 males and 27
females, and the mean age at surgery was 48 years
(range: 20-55 years). Rotator cuff tear size was as
follows: 33 partial, 19 small, and 5 medium tears
(Table 1).
With regards to CSA of the LHBT, there was no dif-

ference between the contralateral and affected shoul-
ders before surgery (Table 2; 13 � 4 mm2 and 14 � 3
mm2, respectively; P ¼ .6). There was also no significant
differences between preoperative and postoperative
CSA of the LHBT in the affected shoulder (14 � 3 mm2



Table 2. Ultrasonographic Evaluation

Preoperative Postoperative P Value

Contralateral side CSA of LHBT, mm2 13 � 4 (�16e9)
CSA of LHBT, mm2 14 � 3 (7e19)* 13 � 4 (5e21) .3
Positive vascularity 25 (44%)

(Grade 1:22, 2:3)
28 (49%)

(Grade 1:26, 2:2)
.7

The values are given as means � SD (range).
CSA, cross-sectional area; LHBT, long head of the biceps tendon.
*Not significant compared with contralateral side.

e1276 I. KAWASHIMA ET AL.
and 13 � 4 mm2, respectively; P ¼ .3). The post hoc
power analysis indicated that the power of CSA com-
parison was .7.
There was no difference between preoperative and

postoperative vascularity in the bicipital groove
(Table 2; preop., 25 of 57 [44%] shoulders; postop., 28
of 57 [49%] shoulders; P ¼ .7). Twenty-nine shoulders
with postoperatively negative vascularity and 28
shoulders with positive vascularity were compared
(Table 3). Pain subscore of the UCLA scale was signifi-
cantly higher in the postoperative negative vascularity
group than in the postoperative positive vascularity
group (Table 3; 9 [range, 6-10] and 8 [range, 1-10],
respectively; P ¼ .002). No significant differences were
observed in sex, age, height, body weight, BMI, and
rotator cuff tear size between the groups. Moreover,
there were no significant differences in preoperative
and postoperative CSA of the LHBT and preoperative
vascularity in the bicipital groove.

Discussion
This study demonstrated that no significant hypertro-

phy was seen in preserved LHBT at 1 year after arthro-
scopic rotator cuff repair for medium-sized or smaller
posterosuperior rotator cuff tears in �55-year-old pa-
tients with a healthy LHBT. There was no significant
difference between preoperative and postoperative CSA
Table 3. Comparison Between Postoperative Negative and Positi

Negative Vascu

Male/Female 15/
Right/Left 19/
Age, yr 48 � 5
Height, cm 165 � 7
Body weight, kg 64.2 � 12.6
BMI, kg/m2 23.6 � 4.0
Rotator cuff tear size (partial/small/medium) 18/1
Postoperative pain subscore of UCLA scale 9 � 2
Ultrasonographic findings of LHBT
Preoperative side-to-side difference of CSA, mm2 0 � 5
Preoperative CSA of affected side, mm2 14 � 4
Postoperative CSA of affected side, mm2 13 � 4
Preoperative vascularity 10

(Grade 1

The values are given as means � SD (range). Bolded value indicates sig
CSA, cross-sectional area; LHBT, long head of the biceps tendon.
of the LHBT; however, 49% of the shoulders demon-
strated postoperative vascularity in the bicipital groove,
which was significantly associated with postoperative
pain.
Previous reports have shown that CSA of the LHBT in

cadaveric shoulders with rotator cuff tears was signifi-
cantly larger in both the intra-articular and extra-
articular portions than those without rotator cuff
tears.18,19 Desai et al.20 reported that about one-third of
patients with full-thickness reparable rotator cuff tears
are likely to have LHBT pathology. The hypertrophic
change of the LHBT has been reported to progress even
after successful rotator cuff repairs when not considering
patients’ age and rotator cuff tear size.7 We have been
preserving the LHBT when a shoulder with a medium-
sized or smaller tear showed no hypertrophy of the
extra-articular LHBT, according to findings in previous
studies.7,8 This study showed that there was no differ-
ence between the preoperative and postoperative CSA of
the preserved LHBT under our indication in �55-year-
old patients. Our indications of preserving LHBT were
validated at least in younger patients.
Mijic et al.9 have reported that patients who under-

went rotator cuff repair with biceps tenodesis showed
earlier pain relief than patients without LHBT treat-
ment. Watson et al.21 have also reported that patients
who underwent concomitant biceps tenodesis or
ve Vascularity Groups

larity (n ¼ 29) Positive Vascularity (n ¼ 28) P Value

14 15/13 1
10 19/9 1
(33e55) 48� 8 (20e55) .5
(154e175) 165 � 10 (147e176) .6
(46.9e85.4) 63.3 � 12.3 (47.0e72.0) .9
(18.3e31.4) 23.1 � 2.9 (19.1e31.8) 1.0
0/1 15/9/4 .4
(6e10) 8 � 2 (1e10) .002

(�16e9) 1 � 4 (�7e10) .5
(7e19) 13 � 3 (8e19) .4
(5e21) 13 � 3 (6e19) .8
(34%)
:9, 2:1)

15 (54%)
(Grade 1:13, 2:2)

.2

nificant difference.
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tenotomy at the time of rotator cuff repair demon-
strated greater improvement at postoperative 1 year
compared with isolated rotator cuff repair patients. In
this study, residual vascularity in the bicipital groove
was seen in almost half of the shoulders one year after
surgery, and the vascularity was significantly associated
with pain. However, the vascularity was Grade 1 in
most shoulders. In addition, the mean pain score was 9
and 8 out of 10 points in the negative and positive
vascularity groups, respectively, which meant that pain
was mild in both groups and that the difference was
probably subclinical, considering that the reported
minimal clinically important difference of UCLA scale
was 8.7.22 The present study might also indicate the
diagnostic usefulness of ultrasonography to detect the
origin of minor pain by revealing low-grade vascularity
in the bicipital groove after successful rotator cuff
repair.
This study suggested that healthy LHBT in �55-year-

old patients could be preserved when rotator cuff tears
were posterosuperior medium-sized or smaller tears.
However, careful assessment may be required after
rotator cuff repair without biceps treatment, especially
assessment for vascularity in the bicipital groove. Ul-
trasonography is useful to assess vascularity around the
LHBT due to its noninvasiveness and practicality.

Limitations
This study had several limitations. First, this was a

retrospective study with one-year follow-up. The out-
comes of this study might be more clinically relevant
with a longer follow-up period. Second, concomitant
procedures such as rotator cuff repair may have some
effect on the outcomes. Third, the UCLA pain score is
not specific to biceps-related pain. Fourth, surgeries
were done by multiple surgeons. Although we were
following our surgical policy, there might be a slight
difference in surgical indications and procedures. Fifth,
27% (21/78) of patients were lost to follow-up. Sixth,
the study was underpowered with a power of .7. Lastly,
the sample size was relatively small.

Conclusions
The preserved LHBT did not show hypertrophy 1 year

after arthroscopic repair of medium-sized or smaller
posterosuperior rotator cuff tear in �55-year-old pa-
tients. However, 49% of the shoulders postoperatively
demonstrated lower-grade vascularity in the bicipital
groove. Healthy LHBT can be preserved in �55-year-
old patients with posterosuperior medium-sized or
smaller rotator cuff tears.
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