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Purpose: Degenerative long head of biceps tendon (LHBT) has been recognized as 
a notable pain source in patients with rotator cuff tear (RCT). Tenotomy or tenodesis of 
LHBT is frequently indicated together with arthroscopic rotator cuff repair (ARCR) aiming 
for complete pain relief; however, it has not been fully investigated whether resected LHBT 
is really a source of pain. The purpose of this study was to investigate expression levels of 
pain-associated mediators in LHBT and its association with preoperative pain profiles.
Methods: Twenty-seven RCT patients who underwent ARCR with LHBT resection were 
included. Each LHBT was resected due to its abnormal arthroscopic findings including 
tenosynovitis, hypertrophy, and partial tear. Worst macroscopic lesion of the LHBT was 
obtained, and expression levels of substance P (SP) and nerve growth factor (NGF) were 
evaluated using enzyme-linked immunosorbent assay (ELISA). Ten healthy knee flexor 
tendons were analyzed as non-degenerative samples. Preoperatively, subjective shoulder 
pain VAS and pain duration were investigated. Conventional LHBT pain provocation tests 
(Speed, Yergason, O’Brien) were performed. Pressure pain threshold (PPT) of bilateral 
LHBT on the groove was recorded.
Results: Levels of SP and NGF expression were significantly higher compared with non- 
degenerative tendons (P<0.01). Shoulder pain VAS and pain duration were not directly 
associated with SP and NGF expression level. Patients with positive O’Brien test expressed 
greater SP than negative patients (P=0.001). Significant negative correlation between the 
PPT ratio (ipsilateral/contralateral) and SP expression level was observed (r=−0.453, 
P=0.034).
Conclusion: Greater expression of SP and NGF in degenerative LHBT supported our 
hypothesis that it would be a pain source in RCT patients. SP was likely to be expressed 
highly in patients with localized pressure pain hypersensitivity and positive O’Brien test (ie, 
altered mechanistic pain profile of LHBT), which may help when considering simultaneous 
LHBT resection during ARCR.
Clinical Registration: UMIN000023943.
Keywords: long head of biceps tendon, pain, tendinopathy, substance P, nerve growth factor, 
pressure pain threshold

Introduction
Rotator cuff tear (RCT) is a common clinical problem that occurs in middle-aged 
people and the elderly causing significant shoulder pain and disability. In fact, 
a proportion of RCT patients suffer from severe shoulder motion pain during daily 
activities and nocturnal pain as well, and require medical treatment.1 Meanwhile, it 
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has long been known that asymptomatic RCTs are highly 
prevalent in the general population especially in the 
elderly, and in some people it may become painful over 
time.2 Thus, pain originating from RCT still remains con
troversial, ie, underlying mechanisms of the difference 
between “painful RCT” and “painless RCT” are not fully 
understood yet.

Degenerative long head of biceps tendon (LHBT) has 
been recognized as a notable pain source in patients with 
RCT because it easily becomes irritated due to its unique 
anatomical composition and course.3–5 For complete pain 
relief, tenotomy or tenodesis of LHBT is frequently indi
cated together with arthroscopic rotator cuff repair 
(ARCR),6,7 and clinical outcome of the combined surgery 
has been reported as superior compared to isolated 
ARCR.8 Also, isolated tenotomy or tenodesis of LHBT 
could effectively treat severe pain caused by irreparable 
massive RCT.9 These clinical studies supported 
a possibility of LHBT as a pain generator in patients 
with RCT, however, it was not fully investigated whether 
resected LHBT was really a source of pain.

Nerve ingrowth and altered expression of sensory and 
sympathetic neuromediators play a major role in painful 
tendinopathy.10 Substance P (SP) is a neuropeptide mainly 
secreted by sensory neurons, and previous studies demon
strated increased expression of SP-positive nerve fibers in 
painful tendinopathies such as Achilles tendon,11 patellar 
tendon,12 and extensor carpi radialis brevis tendon.13 Nerve 
growth factor (NGF) is a member of the neurotrophin 
family of proteins, and commonly known as a key regulator 
of nociceptive pain.14 Though little has been known about 
its contribution to painful tendinopathy, biological effects of 
NGF on nociceptive processing15 such as peripheral sensi
tization, altered nociceptor transcription, and sprouting may 
be associated with the etiology of tendinopathy. Therefore, 
we hypothesized that degenerative LHBT, recognized as 

a possible pain source during ARCR, expressed higher SP 
and NGF than healthy tendons.

The main purpose of this research was to elucidate 
expression levels of SP and NGF in degenerative LHBT 
and its association with preoperative pain profiles. In addi
tion, whether specific arthroscopic abnormalities and his
tological severities of the LHBT affected the expression 
levels of SP and NGF was also investigated.

Materials and Methods
Study Participants
Twenty-seven unilateral painful RCT patients (12 men and 
15 women; mean age at surgery, 66.2 years; range, 47–78 
years) who underwent tenotomy or tenodesis of LHBT 
during ARCR in two university hospitals were included. 
The mean duration of pain before the surgery was 9.3 
(range: 2–24) months. Eleven patients (40.7%) underwent 
surgery ≤ 6 months after the onset of pain. The decision 
for LHBT resection was made by surgeons intraopera
tively, based on arthroscopic findings including tenosyno
vitis (like ‘lip stick lesion’),16 hypertrophy, and partial 
rupture of the tendon (Figure 1). The criteria were stan
dardized in two hospitals and patients who had at least one 
of the previously mentioned findings underwent arthro
scopic tenotomy or mini-open supra-pectoral tenodesis of 
the LHBT. Patients who had inflammatory arthritis, con
nective tissue disease, psychiatric disorders, and history of 
surgery in the shoulder were excluded.

The control group comprised 10 patients (6 men and 4 
women; mean age at surgery, 25.1 years; range, 14–49 
years) who underwent anterior cruciate ligament recon
struction using autologous knee flexor tendons.

The study protocol was approved by the Institutional 
Review Board of Kochi Medical School (No. 28–55, 31– 
183). All participants received a verbal explanation of the 
study and provided written informed consent prior to the 

Figure 1 Representative arthroscopic view of the resected LHBT. (A) Tenosynovitis, (B) moderate tear (<50%), (C) severe tear (≧50%). Hypertrophy was also observed in 
these tendons.
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investigation. Parents of participants under 18 years of age 
provided informed consent. This study was conducted in 
compliance with the Declaration of Helsinki.

Preoperative Evaluations
Intensity of preoperative shoulder motion pain during 
active elevation and nocturnal pain was recorded on 
100 mm visual analog scale (VAS). Active range of 
motion (ROM) of the shoulder, and LHBT pain provoca
tion maneuvers, namely, Speed test, Yergason test, and 
O’Brien test were evaluated by surgeons.

Speed test17 was performed with patient’s forearm 
supinated, elbow extended, and shoulder in 60° to 90° 
forward flexion. The examiner applied a downward 
force to the patients’ resistance. Yergason test18 was 
performed with patient’s arm at their side, elbow flexed 
to 90°, and forearm in full pronation. Patients were 
asked to forcibly supinate against the examiners’ resis
tance. Positive tests were indicated by the production of 
pain.

O’Brien test (active compression test)19 was per
formed with the patient’s arm forward flexed to 90°, 
adducted 10 to 15°, and internally rotated such that the 
thumb pointed downward. The examiner 
applied downward force to the patient’s resistance. 
With the arm in the same position, the palm was then 
fully supinated and the maneuver was repeated. The test 
was considered positive if pain was elicited during the 
first maneuver, and was reduced or eliminated with 
the second. For assessment of pressure pain sensitivity, 
a handheld algometer (Somedic, Hörby, Sweden) with 
a 1-cm2 probe was used to record the pressure pain 
threshold (PPT) at bilateral LHBT on bicipital groove 
and center of deltoid muscle (control) in patients in 
sitting position (Figure 2). Meticulous palpation to con
firm location of the bicipital groove was performed with 
the patient’s arm internally and externally rotated. The 
recording was repeated 3 times with an interval of 
minimum 20 s. The PPT was defined to the subject as 
“the time point at which the pressure sensation changed 
into pain”. Pressure was increased gradually at a rate of 
30 kPa/s until the pain threshold was reached and the 
subject pressed a button. Trained physiotherapists 
assessed the PPTs which were blinded to the surgeons 
before surgery. For analyses, mean value of 3 times 
recording was used and ipsilateral PPT was divided by 
contralateral one, which was defined as “PPT ratio”.

Surgical Procedure and Tissue Sampling
All cases underwent surgery in the beach-chair position 
under general anesthesia. Diagnostic arthroscopy was per
formed with a standard posterior viewing portal. Type of 
RCT was classified as; isolated supraspinatus (SSP) tear, 
subscapularis (SSC)+SSP tear, SSP+ infraspinatus (ISP) 
tear, and SSC+SSP+ISP tear, respectively. Degree of RCT 
retraction was defined as; small/medium (<3cm) or large/ 
massive (≧3cm) according to the length between stump of 
the most retracted tendon to footprint. Pathology of LHBT 
was carefully assessed using a probe via a standard ante
rior portal and abnormal findings were classified according 
to previous reports9,20 including tenosynovitis, hypertro
phy, moderate tear (<50%), and severe tear (≥50%). 
Location of LHBT was also determined as; in bicipital 
groove, subluxation, and dislocation.

Tenotomy or tenodesis of the LHBT was performed prior 
to rotator cuff repair. Five early cases underwent all- 
arthroscopic bipolar tenotomy with removal of intra-articular 
portion of LHBT. For comparison of intra-articular and intra- 
groove lesions, the remaining 22 cases received mini-open 
supra-pectoral tenodesis and intra-groove LHBT was addition
ally resected at the exit of the groove. After the removal of 
LHBT, worst macroscopic lesion of the tendon with surround
ing tenosynovium was harvested with a length of 1 cm as 
intra-articular (n=27) and intra-groove (n=22) samples 

Figure 2 Recording of pressure pain threshold (PPT) at LHBT on the groove. 
Bilateral assessment was performed and PPT ratio (ipsilateral/contralateral) was 
calculated.
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(Figure 3). The samples were longitudinally split into two 
parts and used for ELISA and histological evaluation respec
tively. To compare and validate the harvested LHBT samples, 
1-cm fragment of healthy (non-degenerative) knee flexor ten
don discarded during preparation of the graft was obtained 
from patients undergoing anterior cruciate ligament 
reconstruction.21,22

ELISA
LHBT and healthy knee flexor tendon samples were 
weighed and immediately stored at −80°C. In preparation 
for analysis, the samples were thawed and subsequently 
diced and lysed with RIPA buffer. The amount of added 
RIPA buffer was determined by the weight of each tendon 

to adjust the difference of sample volume. Quantification 
of expressed SP and NGF was analyzed using a double- 
antibody sandwich enzyme-linked immunosorbent assay 
(ELISA) kit for SP and NGF (Substance P Assay Kit; 
KGE007, Human beta-NGF DuoSet; DY256, R&D sys
tems, Minneapolis, MN) according to the manufacturer's 
protocols. Tissue protein was assayed using BCA Protein 
Colorimetric Detection Kit (K041-H1, Arbor Assays, Ann 
Arbor, MI) according to the manufacturer's protocols, and 
levels of SP and NGF expression were normalized to the 
protein level of each tissue.

Histological Evaluation
LHBT samples were immediately placed in 10% buffered 
formalin. After fixation, specimens were embedded in 
paraffin and 4 μm sections were obtained. The sections 
were stained with hematoxylin and eosin (HE) and exam
ined under light microscopy. A modified Bonar score23 

was used for evaluating the extent of tendon degeneration. 
A grade was given from 0 (normal) to 3 (markedly abnor
mal) for tenocyte morphology, ground substance, collagen, 
and vascularity. The grades from each variable were then 
summed, and a total score was given that ranged between 
0 (normal) and 12 (most severe abnormality).

Statistical Analysis
Statistical analyses were performed with SPSS version 
26.0 software and SPSS Bootstrapping (IBM Corp. 
Armonk, NY, USA). Levels of SP and NGF expression 
among intra-articular, intra-groove samples of LHBT and 
healthy knee flexor tendon were analyzed using one-way 
analysis of variance (ANOVA) followed by Tukey’s HSD 
test. The modified Bonar score of intra-articular and intra- 
groove samples of LHBT was compared using paired 
t-test. Correlations between levels of SP/NGF expression 
of LHBT (data were given as mean value of the intra- 
articular and intra-groove samples) and preoperative pain 
intensity, ROM, PPT ratio, and modified Bonar score (data 
were given as mean value of the intra-articular and intra- 
groove samples) were assessed using Spearman’s rank 
correlation coefficient (r). In addition, levels of SP/ NGF 
expression were compared between patients who showed 
positive or negative LHBT pain provocation tests and 
specific arthroscopic findings using Student’s t-test. 
Estimates of mean differences of SP/NGF expression 
levels between groups, modified Bonar score between 
sampling sites and Spearman correlations with 95% 

Figure 3 Representative macroscopic view of the resected LHBT. Tissue sampling 
was done from worst macroscopic lesion at intra-articular (A) and intra-groove (B) 
area.

https://doi.org/10.2147/JPR.S320811                                                                                                                                                                                                                                   

DovePress                                                                                                                                                               

Journal of Pain Research 2021:14 2484

Izumi et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


confidence interval were derived from 1000 bootstrap 
resampling. P < 0.05 indicated statistical significance.

Results
Preoperative evaluations including pain VAS, pain duration, 
ROM, response to LHBT pain provocation tests, and PPT 
were shown in Table 1. All data were available except PPTs 
in 3 cases due to disorder of the algometer. Specific details of 
the arthroscopic findings regarding RCT and LHBT were 
summarized in Table 2. Twelve patients had isolated SSP 
tear, while fifteen patients had more than two tendons of 
RCT involved. Most of the LHBT showed hypertrophy that 
was concomitant with other abnormal findings, therefore, no 
LHBT was resected due to single pathology of hypertrophy. 
All except three cases had at least two overlapping pathologies 
among tenosynovitis, tear (moderate/ severe), hypertrophy, 
and displacement (subluxation/ dislocation) of the LHBT. 
The mean number of the pathologies was 2.9 (range: 1–4).

Expression level of SP and NGF in intra-articular and 
intra-groove LHBT was significantly greater compared 
with non-degenerative tendon (SP: ANOVA; F(2)=19.29, 
P=0.0000004, Tukey; P<0.000049, NGF: F(2)=6.74, 
P=0.002, Tukey; P<0.01). There were no differences 

between intra-articular and intra-groove samples. 
Expression level of NGF was quite low compared with 
SP, but none was detected from all control samples 
(Figure 4).

Preoperative shoulder motion pain and nocturnal pain 
VAS, pain duration before the surgery, and ROM (forward 
flexion, abduction, external rotation, internal rotation) 
were not significantly associated with SP and NGF expres
sion level in LHBT (SP: motion pain VAS; r=0.113, 
P=0.616, nocturnal pain VAS; r=−0.161, P=0.475, pain 
duration; r=−0.232, P=0.245, ROM; r=0.048–0.403, 
P=0.063–0.832, NGF: motion pain VAS; r=0.130, 
P=0.563, nocturnal pain VAS; r=−0.361, P=0.099, pain 
duration; r=−0.174, P=0.384, ROM; r=0.067–0.369, 
P=0.058–0.766).

Among LHBT pain provocation tests, SP expression 
level in patients with positive O’Brien test was significantly 
greater than in negative patients (P=0.001), but this differ
ence was not observed in NGF. There were no differences in 
SP and NGF expression level between positive and negative 
patients for Speed test and Yergason test (Table 3).

SP expression level in LHBT was negatively correlated 
with PPT ratio at LHBT (r=−0.453, P=0.034) but not at 

Table 1 Summary of Preoperative Evaluations. Data are Presented 
as Mean±SD, Except ROM of Internal Rotation (Presented as Mean 
(Range)), and Responses to LHBT Provocation Tests (Presented as 
Number of +: Positive, -: Negative Patients)

Motion pain VAS (mm) 63.9 ± 23.8

Nocturnal pain VAS (mm) 37.3 ± 28.0

Pain duration (month) 9.3 ± 6.6

ROM (°)

Forward flexion 119.1 ± 42.2
Abduction 104.8 ± 51.6

External rotation 40.9 ± 13.5

Internal rotation L1 (T9-Buttock)

LHBT pain provocation tests (+/−)

Speed 23/4
Yergason 6/21

O’Brien 18/9

Ipsilateral PPT (kPa)

LHBT 215 ± 79

Deltoid 286 ± 133

PPT ratio (Ipsilateral/ Contralateral)

LHBT 0.86 ± 0.15
Deltoid 1.04 ± 0.22

Abbreviations: VAS, visual analog scale; ROM, range of motion; LHBT, long head 
of biceps tendon; PPT, pressure pain threshold.

Table 2 Specific Details of the Arthroscopic Findings

Type of RCT N

SSP 12

SSP+ISP 4

SSP+SSC 7

SSP+ISP+SSC 4

Degree of RCT retraction
Small-Medium 12

Large-Massive 15

Pathology of LHBT*

Degeneration
Tenosynovitis 20

Hypertrophy 23

Moderate tear (<50%) 10
Severe tear (≥ 50%) 10

Location
In bicipital groove 12

Subluxation 9

Dislocation 6

Note: *Note that pathology of LHBT was overlapping in each patient, therefore 
cumulative number of patients is shown. 
Abbreviations: RCT, rotator cuff tear; SSP, supraspinatus; ISP, infraspinatus; SSC, 
subscapularis; LHBT, long head of biceps tendon; N, number of patients.
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deltoid. Regarding NGF, no significant correlations were 
observed like SP (Figure 5).

Regarding arthroscopic findings, patients who showed 
RCT involving more than two tendons expressed greater 
NGF compared with isolated SSP tear (0.058±0.010 vs 
0.030±0.013 pg/mg, P=0.021), but this difference was 
not observed in SP. The degree of RCT retraction (small- 
medium vs large-massive) did not make differences in SP 
and NGF expression level.

In terms of LHBT pathologies, no differences in SP and 
NGF expression level were seen between presence and 
absence of tenosynovitis, tear (moderate/ severe), and displa
cement (subluxation/ dislocation) (Table 4). The mean (range) 
modified Bonar score was 8.5 (6–11) for intra-articular sam
ples and 8.3 (6–11) for intra-groove samples with no significant 
difference (P=0.064). The score was not associated with SP 
and NGF expression level (SP; r=0.051, P=0.806, NGF; 
r=0.231, P=0.256).

Discussion
This study proved our hypothesis that degenerative LHBT 
recognized as a possible pain source during ARCR 
expressed higher SP and NGF than healthy tendons. 
Preoperative localized pressure pain sensitivity at LHBT 
and positive O’Brien test were associated with the SP 
expression level. Not specific individual but combined 
arthroscopic abnormalities might contribute to the expres
sion level of SP and NGF.

Nerve ingrowth and altered expression of nociceptive sen
sory neuromediators in tendinopathy of LHBT have not been 
sufficiently documented. Alpantaki et al24 firstly analyzed the 
innervation of LHBT with immunohistochemical staining and 
reported that a large network of nociceptive nerve fibers was 
identified in non-degenerative LHBTs of four fresh cadavers. 
They mentioned the nerve fibers were positive for SP and 
calcitonin gene-related peptide (CGRP) but provided only 
visual information and no specific data of this innervation. 

Figure 4 Expression level of SP (A) and NGF (B) in LHBT and control healthy tendon. Data are shown as mean±SEM. *P<0.01 vs C. 
Abbreviations: IA, intra-articular LHBT; IG, intra-groove LHBT; C, control (non-degenerative) tendon.

Table 3 SP and NGF Expression Level in Patients with Positive and Negative LHBT Pain Provocation Tests

Positive Negative P-value

Mean 95% CI Mean 95% CI

SP (pg/mg)

Speed 3.37 3.19–3.54 2.9 2.59–3.39 0.062

Yergason 3.41 3.11–3.72 3.27 3.06–3.47 0.516
O’Brien 3.5 3.32–3.69 2.9 2.68–3.12 0.001

NGF (pg/mg)
Speed 0.046 0.033–0.061 0.041 0.020–0.071 0.758

Yergason 0.038 0.023–0.054 0.048 0.034–0.064 0.564

O’Brien 0.047 0.034–0.063 0.042 0.020–0.068 0.708

Note: SP expression in patients with positive O’Brien test was significantly greater than in negative patients. 
Abbreviations: SP, substance P; NGF, nerve growth factor.
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Singaraju et al25 confirmed SP and CGRP positive nerve fibers 
in six LHBTs obtained from chronic painful RCT patients, but 
their expression levels were not different from control cadaver 
tendons. More recently, Blumer et al26 analyzed, in detail, 
structural and molecular characteristics of nervous elements 
in most proximal part of LHBT obtained from six osteoarthritis 
and five fracture cases undergoing shoulder joint replacement. 
They showed that SP was exclusively expressed in 

unmyelinated axons in nerve fascicles close to blood vessels, 
and was partially co-expressed with CGRP, though it was not 
quantitatively assessed and not compared with control sam
ples. In this study, we preferred to use ELISA which enables 
simple quantification of protein expression, and have added 
further information about overexpression of SP and NGF in 
degenerative LHBT that could be a pain source in RCT 
patients.

Figure 5 Correlations between expression levels of SP, NGF, and PPT ratio at LHBT, deltoid (A–D). SP expression level showed significant negative correlation with PPT 
ratio at LHBT (A).

Table 4 SP and NGF Expression Level in Patients with or without Tenosynovitis, Tear, and Displacement of LHBT in Arthroscopic 
Findings

With Without P-value

Mean 95% CI Mean 95% CI

SP (pg/mg)
Tenosynovitis 3.45 3.09–3.69 3.25 3.03–3.47 0.318

Tear 3.41 3.11–3.70 3.25 3.03–3.48 0.406

Displacement 3.41 3.13–3.70 3.21 3.01–3.42 0.266

NGF (pg/mg)

Tenosynovitis 0.054 0.019–0.094 0.042 0.031–0.055 0.574
Tear 0.035 0.019–0.056 0.051 0.036–0.068 0.24

Displacement 0.039 0.025–0.057 0.05 0.032–0.070 0.415

Notes: “Tear” includes moderate and severe tear. “Displacement” includes subluxation and dislocation from the groove. 
Abbreviations: SP, substance P; NGF, nerve growth factor.
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Expression level of NGF in resected LHBT was quite low 
compared with SP, but significantly greater than in healthy 
tendons, suggesting that it would be reflected in mechanisms 
of pain originating from LHBT. Although little has been 
reported on a contribution of NGF in painful human tendino
pathy, clinical trials have demonstrated that NGF plays a key 
role in pain generation in osteoarthritis27 and chronic low back 
pain.28 Hence, it seems theoretically possible that NGF also 
works in painful tendinopathy via its biological effects on 
nociceptive processing such as peripheral sensitization, altered 
nociceptor transcription, and sprouting.15 Further, a recent 
study of rat RCT model showed that NGF expression levels 
in harvested rotator cuff were continuously elevated and there 
were NGF-positive synovial-like cells lining the surface of the 
laminated cuff tears,29 which supports the possibility that NGF 
plays a role in painful tendinopathy of the shoulder.

Intensity of preoperative shoulder motion pain and noctur
nal pain was not directly associated with levels of SP and NGF 
expression in LHBT. It seems reasonable because all patients 
included in this study had RCT and there were many possible 
nociceptive inputs other than LHBT in the shoulder. Moreover, 
pain VAS is a highly subjective scale that can be modulated by 
multiple factors such as psychosocial problems.30 In contrast, 
PPT ratio on LHBT at bicipital groove, but not on the deltoid 
muscle, was associated with the level of SP expression. PPT is 
a threshold of pressure pain sensitivity that can directly and 
quantitatively evaluate altered mechanistic pain profile of spe
cific structures.31 In addition, patients with positive O’Brien 
test expressed greater SP than negative patients. Taken 
together, our results can be interpreted that more SP was 
detected from mechanically hyperalgesic LHBT. From this 
perspective, PPT ratio (clinically, comparison of tenderness 
between ipsilateral and contralateral side) and O’Brien test 
seem to be useful markers that may help when considering 
simultaneous LHBT resection during ARCR.

Recently, Taylor et al32 reported the diagnostic value of 
several pain provocation tests for biceps-labrum complex 
(BLC) disease. They mentioned that O’Brien test and 
bicipital tunnel palpation showed higher sensitivity and 
negative predictive value for BLC disease in all locations 
(intra-articular, junctional, and bicipital tunnel) than Speed 
test and Yergason test. Therefore, they recommended 
including O’Brien test and bicipital tunnel palpation as 
screening tests. Interestingly, both O’Brien test and bicipi
tal tunnel palpation (PPT), but not Speed test and Yergason 
test, were associated with expression level of SP in this 
study, which might explain a part of underlying mechan
isms of their clinical results.

Patients who showed RCT involving more than two ten
dons expressed greater NGF compared with isolated SSP tear, 
which was possibly associated with altered innervation of 
LHBT. Although this can be explained by facilitated biome
chanical inputs to the LHBT resulting from multiple rotator 
cuff tendons tear, it seems uncertain because this finding was 
not observed in SP and the degree of RCT retraction did not 
cause differences in SP and NGF expression level. Regarding 
arthroscopic abnormalities of LHBT, there was no superiority 
among specific individual findings such as tenosynovitis, tear, 
hypertrophy, and displacement for increasing the SP and NGF 
expressions, however, this should be taken with caution 
because most of the patients had overlapping pathologies that 
would work as confounding factors. Paradoxically, this result 
can be interpreted that not individual, but combined abnormal 
findings are clinically common in pathological LHBT that 
would collaboratively contribute to overexpression of SP 
and NGF.

The modified Bonar score represented moderate to severe 
histological deterioration of LHBT, which was similar to pre
vious reports.23,33 However, the histological severity was not 
associated with SP and NGF expression level, which seems to 
be inconsistent with a recent report that documented that 
expression of SP evaluated by immunostaining was associated 
with histological severity of tendon degeneration in lateral 
epicondylitis.22 This discrepancy is probably due to lack of 
samples with mild histopathologic changes which were 
included in the lateral epicondylitis study. As reported, micro
scopic pathology was typically much worse than macroscopic 
findings.20 In this study, patients who had apparent arthro
scopic abnormalities of LHBT were selectively included so 
that the lowest Bonar score was 6, which might be enough to 
show overexpression of SP and NGF.

This is the first study which demonstrated that intra-groove 
LHBT expressed comparable levels of SP and NGF with intra- 
articular LHBT, suggesting that both portions have similar 
potential as a pain generator. In contrast, several recent pieces 
of literature have concluded that there was no significant 
difference in pain relief between tenotomy and tenodesis in 
RCT patients.6,34–37 A plausible explanation for this discre
pancy is that biomechanical environment of intra-groove 
LHBT changes after the tenotomy of intra-articular LHBT, 
which may subsequently alter nociceptive phenotype of the 
intra-groove LHBT, though it is beyond the scope of this study. 
However, our novel finding will support an idea that tenodesis 
after removing both portions of LHBT is preferable from the 
perspective of reducing nociceptive inputs as much as possible.
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This study has some limitations that should be noted. 
First, samples harvested from healthy knee flexor tendon 
were not pure negative control for LHBT because of the 
difference in age, anatomical location, and physical loading 
conditions. However, from an ethical point of view, it would 
be difficult to obtain age-matched normal LHBT samples 
and hence, the same idea was used when evaluating degen
erative tendons in shoulder and elbow in previous 
studies.21,22 Second, the number of patients and controls 
was small, though more patients were included than in 
previous similar studies with immunohistochemistry.24,25 

Third, not all consecutive cases underwent tenotomy or 
tenodesis of LHBT during ARCR, so possible selection 
bias existed. In particular, this series selected patients who 
had apparent arthroscopic abnormalities of LHBT. The out
come might be affected when including LHBT with very 
mild hyperemia or fraying.

Conclusion
Degenerative LHBT, including combined arthroscopic 
abnormalities in most cases, expressed greater SP and NGF 
compared with healthy tendons, which supports our hypoth
esis that it would be a pain source in RCT patients. Expression 
levels of SP and NGF were comparable between intra- 
articular and intra-groove samples, indicating that both por
tions have similar potential as a pain generator. SP was likely 
to be expressed highly in patients with localized pressure pain 
hypersensitivity and positive O’Brien test (ie, altered mechan
istic pain profile of LHBT), which may help when considering 
simultaneous LHBT resection during ARCR.
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