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Increased blood flow in the anterior humeral circumflex artery
correlates with night pain in patients with rotator cuff tear
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Abstract

Background Night pain is a particularly vexing symptom
in patients with rotator cuff tear. It disturbs sleep and
decreases quality of life, and there is no consensus
regarding its etiology. Based on arthroscopic surgical
observations of synovitis around the rotator interval or
capsule surface in rotator cuff tear, we hypothesized that
blood flow from the artery feeding the capsule increases
blood supply to the synovium. This study aimed to inves-
tigate the relationship between blood flow and night pain
using pulse Doppler ultrasonography.

Methods A series of 47 consecutive patients with rotator
cuff tear was evaluated. The peak systolic velocity and
resistance index of blood flow in the ascending branch of
the anterior humeral circumflex artery were evaluated
using pulse Doppler ultrasonography. We also investigated
20 normal shoulders in healthy volunteers. The peak sys-
tolic velocity and resistance index were compared between
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affected and unaffected sides in patients and between
dominant and nondominant sides in controls.

Results  Anterior humeral circumflex artery peak systolic
velocity and resistance index did not differ between sides in
control subjects or in patients with rotator cuff tear without
night pain. However, anterior humeral circumflex artery peak
systolic velocity and resistance index did differ significantly
between sides in patients with rotator cuff tear with night pain.
Conclusions This study revealed anterior humeral cir-
cumflex artery hemodynamics in patients with rotator cuff
tear and normal subjects using Doppler ultrasonography.
Night pain, particularly involving aching, appears to be
related to the hemodynamics. These findings suggest that
investigating the hemodynamics of patients with rotator
cuff tear with night pain may lead to greater understanding
of the etiology of this symptom.

Introduction

Night pain is frequently encountered among patients with
shoulder problems. In 1934, Codman wrote in “The
Shoulder” [1] that “Severe night pain is typical in a patient
with rotator cuff pathology.” Rotator cuff pathology with
night pain has been reported to arise from impingement [2],
increasing subacromial pressure [3, 4], changing skin
temperature [5] or synovitis [6, 7]. However, no consensus
concerning the underlying cause of night pain in patients
with shoulder problems has been reached.

During arthroscopic surgery, hyperemic synovitis is
often observed around the rotator interval or joint capsule in
patients with rotator cuff tear (RCT). Therefore, we
hypothesized that synovitis may cause the severe night pain,
with increased synovial blood flow possibly leading to
increased blood flow of the artery feeding the capsule.
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Previous studies have investigated the vascular anatomy
around the shoulder, including the humeral head [8, 9], rotator
cuff [10-12], glenoid labrum [13] and capsule. Andary et al.
[14] reported the vascular anatomy of the glenohumeral
capsule, a well-vascularized structure with direct predictable
contributions from four arteries [anterior humeral circumflex
(AHCA), posterior humeral circumflex, suprascapular and
circumflex scapular]. The AHCA provides the major blood
supply to the lateral portion of the capsule. Vessels from the
AHCA ascend along the anterior humeral insertion and
arborize medially to supply the anterior part of the lateral
aspect of the capsule [14]. Previous studies have directly
evaluated whole blood flow of the shoulder joint using power
Doppler ultrasonography or dynamic magnetic resonance
imaging (MRI) [15-18] in the inflammatory condition of the
shoulder. Power Doppler ultrasonography results were
semiquantitative because synovium vessels were nonspecific
and data measuring blood flow were not reproducible.
Dynamic MRI results, on the other hand, were quantitative,
but this examination is inconvenient and invasive. No pre-
vious report has evaluated the relationship between shoulder
night pain and blood flow in specific arteries. Therefore, in the
present study, we assessed a specific artery, the AHCA—
which is easily identifiable and reproducible because of clear
bony landmarks, such as the bicipital groove—in relation to
shoulder night pain.

Materials and methods
Study subjects

From August 2010 to July 2011, the shoulder morphology of
106 consecutive patients who visited the outpatient clinic of
our hospital for the first time reporting shoulder pain was
examined using ultrasonography and radiography. Of these
patients, 47 showed RCT and were selected as candidates for
this prospective study. Twenty normal shoulders in healthy
volunteers who had no history of shoulder pain were chosen
to serve as the control group. Patient demographics are shown
in Table 1. There were no significant differences in age
among the three groups (P > 0.05).

Table 1 Demographic of the patients

Rotator cuff tear (n = 47) Control
. ) ) (n=20)
With night Without night
pain (n = 34) pain (n = 13)
Sex (n)
Male 27 10 10
Female 7 3 10
Age, mean (range) 68.3 (51-86) 65.8 (51-87) 64.3 (38-88)

Definition of night pain

Night pain associated with shoulder problems is likely to
have several pathologies: Some patients report awakening
to aching pain that is relieved by sitting or heating, whereas
others are awakened by a piercing pain while rolling over
or by a pressing pain while in the lateral decubitus position,
which is relieved by changing position. Among these pre-
sentations, the most confusing problem is aching pain that
disturbs sleep [1]. Therefore, in this study, night pain was
defined as an aching pain that disturbs sleep, causing the
patient to want to sit. Given this definition, we carefully
interviewed patients for these characteristics of night pain.
Movement-related pain, such as when rolling over, and
compression pain on the affected side in the lateral position
were excluded.

Ultrasonographic evaluation

Sonographic examinations were performed independently
by two experienced sonographers, each with at least
10 years of ultrasound experience and extensive experience
in musculoskeletal ultrasonography, using a 5-13-MHz
linear array transducer (ProSound Alpha 7; Hitachi-Aloka
Medical, Ltd., Tokyo, Japan). The same Doppler settings
were used for all examinations, with no adjustment of
Doppler parameters. The gain setting for color Doppler was
just below noise level, and the system was adjusted to
detect flow with higher sensitivity. During Doppler ultra-
sonography, patients remained in a sitting position with 90°
elbow joint flexion and the hand resting palm up on the
thigh during examination of the AHCA, and 90° elbow
joint flexion and 45° shoulder joint abduction during
examination of the brachial artery (BA). Before the color
Doppler ultrasonographic examination, patients rested for
5 min.

Measurement of artery velocity

AHCA and BA blood flow were assessed using color
Doppler ultrasonography and pulse Doppler ultrasonogra-
phy to determine the peak systolic velocity (PSV) and
resistance index (RI = PSV — end diastolic velocity/
PSV). Fundamental color Doppler mode was used first to
identify an adequate scanning plane that clearly depicted
the bicipital groove and laterally adjacent AHCA on the
transverse scan (Fig. 1a). Pulse Doppler mode then was
used to measure the velocity of the AHCA on the longi-
tudinal scan (Fig. 1b). The sample volume was set within
the AHCA, and the incident angle between the AHCA, and
Doppler beam was kept at 60° or less (Fig. 1c). To assess
the BA, the transducer was placed on the medial humerus.
The sample volume was set within the BA, and the incident
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Fig. 1 a Short axis color Doppler US images of the bicipital groove.
The ascending branch of the anterior humeral circumflex artery
(arrow) is located on the lateral side of the biceps tendon. b Long axis

angle between the BA and Doppler beam was kept at 60° or
less. Each shoulder was evaluated three times, and mean
values were calculated.

Reproducibility of measured AHCA velocity

In a pilot study, intra- and interobserver reliabilities were
assessed by examining five healthy subjects. AHCA
velocity was measured five times for each subject by two
experienced sonographers. Intra- and interobserver reli-
abilities were estimated using calculations of intraclass
correlation coefficients (ICCs; one-way analysis of vari-
ance and two-way analysis of variance, respectively). In-
traobserver reproducibility was high for both observers
(observer A, ICC = 0.983; observer B, ICC = 0.969), as
was interobserver reproducibility (ICC = 0.949). The sta-
tistical program used for the calculations was IBM SPSS
staistics 19.0 IBM, SPSS, Chicago IL).

Ethics
The Ethics Committee of Gifu University School of

Medicine approved the study, and all patients provided
written informed consent before participating.
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color Doppler US images of the ascending branch of the anterior
humeral circumflex artery (arrow). ¢ Pulse Doppler US images peak
systolic velocity (arrow) and end diastolic velocity (arrowhead)

Statistical analyses

Statistical analysis was performed using GraphPad Prism
version 5.01 (GraphPad Software, La Jolla, CA). Outcomes
between affected and unaffected sides in patients and
between dominant and nondominant sides in controls were
compared using the Mann—Whitney U test. For comparison
of more than two groups, analysis of was variance
(ANOVA) was used.

Results

Comparison of PSV between affected and unaffected
sides

PSV of the BA did not differ between affected and unaf-
fected sides in any group (Table 2). However, patients with
RCT with night pain showed significantly higher PSV of
the AHCA on the affected side than on the unaffected side
(affected side, 34.9 4+ 16.5 cm/s; unaffected side,
15.8 & 6.5 cm/s; P < 0.001). Patients with RCT without
night pain and control subjects showed no significant dif-
ference in PSV of the AHCA between sides (Table 3).
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Table 2 Comparison of PSV between affected and unaffected sides

n  PSV of the BA (cm/s)

Affected Unaffected
side side
Rotator cuff tear with night 34 69.4 +21.0 704 £ 225 ns.
pain
Rotator cuff tear without 13 7777 £232 741 +23.0 ns.
night pain
Control 20 75.5£27.7 739 +228 ns.

Comparison of the affected and unaffected sides (mean + SD)
Control: comparison between dominant and nondominant sides

PSV peak systolic velocity, BA brachial artery

Table 3 Comparison of PSV between affected and unaffected sides

n  PSV of the AHCA (cm/s)

Affected Unaffected
side side
Rotator cuff tear with 34 349 + 165 158 £6.5 P <0.001
night pain
Rotator cuff tear 13 226 +10.7 186+ 79 n.s.
without night pain
Control 20 127 +£5 134 £ 4.8 ns.

Comparison of the affected and unaffected sides (mean + SD)
Control: comparison between dominant and nondominant sides

PSV peak systolic velocity, AHCA anterior humeral circumflex artery

Table 4 Comparison of RI between affected and unaffected sides

n  RI of the AHCA

Affected Unaffected
side side
Rotator cuff tear with 34 0.7+0.09 0.78 £0.11 P <0.01
night pain
Rotator cuff tear without 13 0.7 £ 0.1  0.67 £ 0.16 n.s.
night pain
Control 20 073 £0.1 0.75 £ 0.14 n.s.

Comparison of the affected and unaffected sides (mean + SD)
Control: comparison between dominant and nondominant sides

RI resistance index, AHCA anterior humeral circumflex artery

Comparison of RI between affected and unaffected
sides

Patients with RCT with night pain showed significantly
lower RI of the AHCA on the affected side than on the
unaffected side (affected side, 0.70 4 0.090; unaffected
side, 078 £ 0.11; P < 0.01). On the other hand, patients
with RCT without night pain and control subjects showed
no significant difference in RI of the AHCA between sides
(Table 4).

Discussion

In our study, although BA blood flow showed no change
between all pathologic conditions, AHCA blood flow was
altered in patients with RCT with night pain. In particular,
these patients showed significantly higher PSV and sig-
nificantly lower RI of the AHCA on the affected side than
on the unaffected side. We conclude that these hemody-
namic differences reflect a selective and pathognomonic
change.

Interestingly, ICC was high in healthy volunteers and
may be related to the anatomical features of AHCA.
Despite being a small artery, the AHCA passes through the
lateral side of the bicipital groove and under the transverse
ligament. The bicipital groove is easily detected by gray-
scale ultrasound; therefore, it is possible to detect the
longitudinal image of AHCA. Moreover, PSV of this artery
may be insusceptible to probe compression because of its
location under the transverse ligament. These anatomical
properties may account for the high ICC in the healthy
volunteers.

Several reports have examined the relationship between
the blood flow of the synovium and shoulder pain using
power Doppler ultrasonography or dynamic MRI [15-18].
Matsuzaki et al. assessed signal intensity on dynamic MRI
and arthroscopic and histological findings of the subacro-
mial bursa and found signal intensity to be positively
correlated with arthroscopic findings of redness and villous
formation as well as histologic findings of capillary pro-
liferation and papillary hyperplasia in RCT [16]. In idio-
pathic frozen shoulder, Tamai et al. reported that the
glenohumeral joint (GHJ) and subacromial bursa demon-
strated contrast enhancement on dynamic MRI. Moreover,
the values for the GHJ were greater than those for the
subacromial bursa [15]. Several studies have investigated
rheumatoid arthritis (RA) using power Doppler ultraso-
nography and reported increased blood flow of the syno-
vium around the rotator cuff and bicipital groove [18, 19].
For example, Strunk et al. reported that power Doppler
ultrasonography demonstrated increased vascularity in the
long bicipital tendon sheath of patients with RA [15].
These results suggest that blood flow may increase because
of synovitis in symptomatic shoulders. However, these
studies did not investigate a specific relationship between
blood flow and shoulder night pain.

In this study, RI of the AHCA on the affected side was
decreased compared with that on the unaffected side in
patients with RCT with night pain. Terslev et al. reported
that a low RI value indicates an inflammatory condition in
RA. Although peripheral diastolic blood flow is usually
low, diastolic blood flow increases to supply blood to the
synovium in inflammatory conditions, leading to a relative
decrease in RI [20]. Accordingly, our results may suggest
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an inflammatory condition in patients with RCT with night
pain.

Patients with night pain sometimes take a hot shower
or attempt to sleep in a sitting position to relieve pain
[1]. These symptoms cannot be explained only by
physical stimuli, such as rolling over or the lateral
decubitus position. Certainly, changing the sleep position
decreases the subacromial pressure [3, 21], which can
explain the pain relief, but taking a hot shower cannot.
In healthy humans, circulation is influenced by postural
change [22], and exposure to a hot environment increa-
ses the skin blood flow and sweat rate, thus increasing
heat dissipation and resulting in a reduction of central
blood flow [23]. Miyakoshi et al. reported the circadian
rhythm of shoulder skin temperature, which is charac-
terized by high temperature during the daytime and low
temperature at night. However, shoulders with a clear
inflammatory condition do not decrease in skin temper-
ature during the night. The authors proposed that this
difference is influenced by intraarticular inflammation
and that shoulder skin temperature may reflect various
pathologic conditions of the shoulder joint, which is
located close to the skin surface [5]. Intraarticular blood
flow is influenced by intraarticular inflammation, envi-
ronmental temperature and postural change. Therefore,
we believe that change in intraarticular blood flow may
be able to explain the distinctive symptom of night pain
in RCT.

This study has several limitations. We did not evaluate
blood pressure or measure the diameter of the AHCA;
therefore, these data may have differed between shoulders.
Hyperplasia of the microvasculature often occurs with
inflammation in the bicipital groove, and examiners may
misidentify the microvessels and the AHCA. As a result,
Doppler US may mistakenly identify hyperplasia of
microvessels instead of AHCA in these patients. Lastly,
one hypothesis of this study was that PSV of the AHCA is
lower in the sitting rather than the supine position. How-
ever, we did not measure blood flow of the AHCA with
patients in the supine position; as such, changes in blood
flow due to posture cannot be assessed from this study.

In conclusion, patients with RCT with night pain
showed significantly higher PSV of the AHCA, indicating
that increased intraarticular blood flow is one factor
underlying the pathogenesis of night pain in patients with
RCT. Assessment of PSV of the AHCA may help in the
management of night pain in such patients.
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