
INTRODUCTION 

Rotator cuff tears (RCTs) are a common cause of shoulder pain 
and dysfunction. Among the most common pathologies encoun-
tered during arthroscopic surgery in patients with RCTs is syno-
vitis of the glenohumeral joint (GHJ) and subacromial space 
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(SAS). In recent years, intraoperative grading systems for synovi-
tis haves been established [1,2], and synovitis grade has been 
shown to have clinical relevance in contributing to pain and dys-
function in patients with RCTs [3-5]. 

Researchers have begun to investigate whether synovitis in the 
GHJ is a source of pain in RCT patients; to do this, however, the 
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severity of the synovitis needs to be assessed [6,7]. One study us-
ing pulse Doppler showed that peak systolic velocity (PSV) in the 
anterior humeral circumflex artery (AHCA) was positively asso-
ciated with intraoperative synovitis severity [6]. Another study 
showed that Doppler activity in the rotator interval was positively 
correlated with synovitis severity in patients with partial thick-
ness RCTs [7]. However, more research is required to determine 
the utility of ultrasound assessment in assessing synovitis severi-
ty. The development of a noninvasive ultrasound technique to 
evaluate synovitis severity would be clinically beneficial in guid-
ing treatment decisions. 

The purpose of this study was to determine whether parame-
ters obtained from noninvasive Doppler ultrasound examination 
reflect intraoperative synovitis severity and to examine the rela-
tionship between patient-related factors and synovitis severity. 
We hypothesized that PSV in the AHCA and power Doppler ac-
tivity in the GHJ and SAS would correlate with synovitis severity. 

METHODS 

Study Design 
This was a retrospective, cross-sectional study conducted at a 
single primary care facility in a rural area of Japan. This study re-
ceived approval from the local ethics committee (No. 23C0001) 
and was conducted following the tenets of the Declaration of 
Helsinki. The need for written informed consent was waived due 
to the retrospective study design, and data were anonymized. 

Participants 
A total of 61 consecutive patients with arthroscopic rotator cuff 
repair between April 2020 and March 2023 were considered eli-
gible for inclusion in the study. Inclusion criteria were as follows: 
(1) patients with arthroscopic rotator cuff repair, subscapularis 
tendon intact; (2) available medical records; and (3) available ar-
throscopic findings. Exclusion criteria were (1) a history of previ-
ous shoulder surgery; (2) inflammatory arthritis; and (3) sub-
scapularis tendon tear. After application of the exclusion criteria 
(previous surgery, n = 3; inflammatory arthritis, n = 0; subscapu-
laris tendon tear, n = 4), 54 patients were selected. The appropri-
ate sample size was calculated to be 47 cases, indexed by the cor-
relation coefficient between PSV in the AHCA and intra-articu-
lar inflammatory findings reported in a previous study (r = 0.40 
[6], alpha = 0.05, power = 0.80). Therefore, these 54 patients were 
analyzed (Fig. 1). 

Evaluation of Ultrasonography Findings 
Two days before surgery, we used ultrasound (3–11 MHz linear 

probe, SONIMAGE HS2, Konica Minolta) to measure two pa-
rameters: PSV and power Doppler activity. PSV in the AHCA 
was measured using a method that is recognized as highly reli-
able (intraobserver reproducibility, 0.983–0.996; interobserver 
reproducibility, 0.949–0.985) [6,8,9], and we also confirmed high 
intraobserver reproducibility in the pretest before data collection 
(0.986; 95% confidence interval, 0.942–0.996). Briefly, the patient 
was seated in a chair with the shoulder joint abducted at 30°, the 
elbow joint flexed at 90°, and the hand placed palm-up on the 
armrest. The bicipital groove and AHCA were identified by 
transverse scanning, then blood flow velocity in the AHCA was 
measured by longitudinal scanning, and the PSV was calculated 
by pulse Doppler ultrasonography (Fig. 2) [9].  

Power Doppler activity was evaluated with binary presence/
absence values. Similar methods have been applied to knee os-
teoarthritis [10,11] with high reliability (intraobserver reproduc-
ibility, 0.80; interobserver reproducibility, 0.62) [12], and we con-
firmed a high intraobserver reproducibility of 0.886 (95% confi-
dence interval, 0.710–0.922). These measurements were taken at 
the anterior part of the lateral GHJ capsule [13] and the SAS [14], 
which receives blood from the AHCA [15,16]. Briefly, in the 
same position as the PSV measurement described above, the 
probe was adjusted vertically to visualize the GHJ capsule using 
the lesser tuberosity and insertion site of the subscapularis ten-
don as landmarks according to the method reported by Alilet et 
al. [13] (Fig. 3A). For the SAS, the probe was placed on the cora-
coacromial ligament and its deep subacromial bursa was visual-
ized using the acromion and coracoid processes as landmarks 
[14] (Fig. 3B). All ultrasound examinations were performed by 
an independent blinded examiner. 

Assessment of Synovitis by Arthroscopy 
Retrospectively, GHJ [1] and SAS [2] inflammation were graded 
on video during arthroscopic surgery by an independent, blinded 

61 Patients with arthroscopic rotator cuff repair 
between April 2020 and March 2023

54 Included in this study 

54 Analyzed 

Exclusion
3 History of previous surgery 
0 Inflammatory arthritis
4 Subscapularis tendon tear

Fig. 1. Flowchart of patient selection.
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examiner. The GHJ synovitis grading system of Davis et al. [1] 
was used considering the following variables: color of anterior 
capsule (pale=0, pink=1, or red=2); villous projections (none=0, 
few=1, or extensive=2); capillaries in the capsule (scattered=0 or 
hypertrophied =1); and axillary recess (normal=0 or contracted 
=1). Total GHJ synovitis scores ranged from 0 to 6, with a higher 
score indicating a greater degree of GHJ synovitis (Fig. 4A). Ac-
cording to the SAS synovitis grading system proposed by Jo et al. 
[2], grading was as follows: size of the synovial villi ( < 2 mm = 0, 
2 to 5 mm = 1, or > 5 mm = 2); redness of the villi (pale = 0, slight-
ly reddish = 1, or definitely red = 2); and density of synovial villi 
in the relevant region ( < 1/3 = 0, ≥ 1/3 = 1). Note that only the re-
gion that receives blood supply from the AHCA [16], the anteri-
or half of the "lateral subacromial synovium" as classified by Jo et 
al. [2], was evaluated in this study. Total SAS synovitis scores 
ranged from 0 to 5, with a higher score indicating a greater de-

gree of SAS synovitis (Fig. 4B). 

Assessment of Clinical Parameters 
Available clinical parameters included age, sex, side, duration of 
symptoms, history of trauma, diabetes, biceps tendon disease, 
muscle atrophy, fatty infiltration, and tear size. Muscle atrophy 
was graded according to the Thomazeau classification [17], fatty 
infiltration according to Goutallier classification [18], and tear 
size according to Cofield classification [19]. Furthermore, the use 
of non-steroidal anti-inflammatory drugs and corticosteroid in-
jections was investigated. 

Statistical Analyses 
First, univariate analysis was performed to identify ultrasound 

Fig. 2. Measurement of peak systolic velocity in the anterior humeral circumflex artery. (A) Bicipital groove transverse color Doppler ultraso-
nography. The anterior humeral circumflex artery is indicated by the arrow. (B) Longitudinal view of the anterior humeral circumflex artery in 
a pulsed Doppler. The arrow indicates peak systolic velocity in the anterior humeral circumflex artery.

AA BB

Fig. 3. Evaluation of Doppler activity. (A) The anterior part of the 
glenohumeral joint capsule at the insertion of the subscapularis ten-
don. (B) The subacromial bursa deep to the coracoacromial liga-
ment. SSC: subscapularis tendon, LT: lessor tuberosity, C: coracoid 
process, A: acromion process.

AA BB

Fig. 4. Arthroscopic images of the glenohumeral joint capsule and 
subacromial space. (A) Synovitis in the glenohumeral joint. The cap-
sule was pink, there were few villous projections, capillaries in cap-
sule were hypertrophied, and the axillary recess was contracted. This 
corresponds to a Davis grade of 4. (B) Synovitis in the subacromial 
space. Hypertrophy of the synovial villi was more than 5 mm, villi 
were slightly reddish, and the density of synovial villi was ≥1/3. This 
corresponds to a Jo grade of 4.

AA BB
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parameters (PSV in the AHCA, Doppler activity in the GHJ and 
SAS) and patient-related factors associated with synovitis scores 
in the GHJ and SAS, and the effect size, r, was calculated. Contin-
uous scores were compared by Pearson correlation test, ordinal 
scores by Spearman correlation test, and dichotomous scores by 
independent t-test. Subsequently, factors significantly associated 
with synovitis scores in the univariate analysis were included in 
the multivariate analysis. A variance inflation factor of less than 
10 was considered statistically acceptable. Statistical significance 
was accepted at P < 0.05. All statistical analyses were performed 
with R version 3.4.1 (R Foundation for Statistical Computing). 

RESULTS 

Table 1 shows the clinical characteristic parameters of the 54 pa-
tients with a mean age of 68 years (standard deviation [SD], 8 
years; 29 males and 25 females). All patients were administrated 
nonsteroidal anti-inflammatory drugs (celecoxib, 60 mg) the day 
before surgery. None of the patients received corticosteroid injec-
tions in the 6 months before surgery. Mean (SD) total synovitis 
score in the GHJ was 2.54 (1.82), and that in the SAS was 2.15 
(1.66). Mean PSV in the AHCA was 17.8 cm/sec (9.5 cm/sec). 
The number of times Doppler activity was detected in the GHJ 
was 13 (24.0%). In the SAS, Doppler activity was detected in 27 
cases (50.0%). Tear size, PSV in the AHCA, and Doppler activity 
in the GHJ were significantly associated with GHJ synovitis 
scores (P = 0.02, P < 0.001, P = 0.02, respectively). Tear size, PSV 
in the AHCA, and Doppler activity in the SAS were significantly 
associated with SAS synovitis scores (P = 0.02, P < 0.001, P = 0.02, 

respectively) (Table 2). No associations were found between oth-
er clinical parameters and synovitis scores. 

Multivariate analyses revealed that PSV in the AHCA and tear 
size were significantly associated with GHJ synovitis score 

Table 1. Patient characteristics 

Characteristic Value (n= 54)
Age (yr) 68± 8
Female 25 (46.3)
Dominant arm, yes 38 (70.4)
Duration of symptoms (mo) 6.3 (2.4–8.3)
History of trauma, yes 30 (55.6)
Diabetes, yes 11 (20.4)
Biceps tendon disease
  Intact:partial tear 46:8
Muscle atrophy
  Grade 1:2:3 34:18:2
Fatty infiltration
  Grade 0:1:2:3:4 6:35:11:2:0
Tear size
  Partial:small:medium:large:massive 15:9:17:6:7
PSV in the AHCA (cm/sec) 17.8 (9.5)
Doppler activity
  GHJ, presence 13 (24.0)
  SAS, presence 27 (50.0)
Synovitis score
  GHJ 2.54± 1.82
  SAS 2.15± 1.66
Values are presented as mean± standard deviation, number (%), or me-
dian (interquartile range).
PSV: peak systolic velocity, AHCA: anterior humeral circumflex artery, 
GHJ: glenohumeral joint, SAS: subacromial space.

Table 2. Univariate analysis of synovitis scores and clinical parameters 

Parameter
GHJ SAS

t-value r P-value t-value r P-value
Age 0.082 0.01 0.93 0.087 0.01 0.93
Sex –0.231 –0.03 0.82 0.275 0.04 0.78
Dominant –0.387 –0.05 0.70 –1.939 –0.26 0.06
Duration –0.822 –0.11 0.42 –0.478 –0.07 0.64
Trauma –0.051 –0.01 0.96 0.469 0.06 0.64
Diabetes –0.381 0.05 0.70 0.474 0.07 0.64
Biceps tendon disease 1.626 0.22 0.11 0.945 0.13 0.35
Muscle atrophy 1.908 0.26 0.06 1.958 0.27 0.05
Fatty infiltration 1.908 0.26 0.06 1.932 0.26 0.06
Tear size 2.323 0.31 0.02* 2.472 0.33 0.02*
PSV in the AHCA 3.800 0.47 < 0.001* 5.159 0.58 < 0.001*
Doppler activity in GHJ 2.346 0.31 0.02* NA NA NA
Doppler activity in SAS NA NA NA 2.371 0.31 0.02*
GHJ: glenohumeral joint, SAS: subacromial space, r: effect size, PSV: peak systolic velocity, AHCA: anterior humeral circumflex artery, NA: not 
available. 
*Statistically significant, P< 0.05.
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(P = 0.01, P = 0.04, respectively), as they also were with the SAS 
synovitis score (P < 0.001, P = 0.003, respectively) (Table 3). All 
values of the variance inflation factor were statistically accept-
able.   

DISCUSSION 

The main findings of this study are that higher PSV in the AHCA 
was independently associated with more severe synovitis in the 
GHJ and SAS; the presence of Doppler activity in the GHJ and 
SAS was correlated with synovitis but was not an independent 
indicator; and large tear size was independently associated with 
more severe synovitis. These findings suggest that PSV in the 
AHCA and tear size, both of which can be measured noninva-
sively, may be useful indicators of synovitis severity. 

As expected, the results showed that PSV in the AHCA cor-
related with synovitis in the GHJ, which is consistent with the 
findings of a previous study [6]. Furthermore, our results showed 
that PSV in the AHCA correlated with synovitis in the SAS, 
which is a novel finding. Several previous studies evaluated syno-
vitis in the GHJ and SAS separately [3,20] and showed that the 
effect on pain and function differed according to the degree of 
synovitis in these two sites. Therefore, it would be clinically rele-
vant to evaluate and analyze GHJ and SAS synovitis severity sep-
arately. 

Our findings and previous research suggest that PSV in the 
AHCA is a clinically useful parameter because it has high in-
tra-and inter-rater reliability [6,8,9], is associated with histologic 
synovitis scores as well as macroscopic findings [6], is easily 
identifiable due to clear bony landmarks [8], and is less suscepti-
ble to probe compression due to the presence of the artery under 
the transverse ligament [8]. Therefore, PSV is a clinically useful 
indicator of synovitis that can be measured noninvasively. 

We observed a correlation between Doppler activity in the 
GHJ and SAS with synovitis in these respective locations. These 
findings partially differ from a previous power Doppler study [7], 

which found a correlation between Doppler activity with synovi-
tis in the rotator interval but not in the SAS. This discrepancy 
may be due to differences in the measurement position, as Inoue 
et al. [7] suggested that the SAS be measured during shoulder ex-
tension, resulting in microvessel loss due to compression. In our 
study, we examined the SAS with the shoulder joint at 30° of ab-
duction [9], viewed over the coracoacromial ligament, to mini-
mize compression. Conversely, the rotator interval in the previ-
ous study and where we measured GHJ reflect the same branches 
of the AHCA [16], resulting in consistent findings. Furthermore, 
the confounding factor of synovitis in the anterior part of the 
GHJ was minimized in our study as we excluded patients with 
subscapularis tendon tears. Therefore, it is plausible that Doppler 
activity in the GHJ and SAS is associated with synovitis. 

However, multivariate analysis did not extract Doppler activity 
as an independent indicator of synovitis. Furthermore, Doppler 
activity had a smaller (although significant) effect size on synovi-
tis than PSV in the AHCA. PSV in the AHCA therefore is a 
stronger indicator of synovitis severity than Doppler activity. 
When applying Doppler activity to patients with RCTs, the fol-
lowing considerations should be kept in mind: (1) power Dop-
pler may be less frequently observed in non-rheumatoid shoulder 
diseases [21,22], and it is a sensitive marker only during the ac-
tive inflammatory phase [12,23]; (2) differences in measurement 
position can lead to errors in power Doppler findings [7]; and (3) 
PSV is quantitative, whereas Doppler activity is semiquantitative 
[6]. Nevertheless, the possibility that Doppler activity may be in-
dicative of synovitis cannot be ruled out, and a system for assess-
ing Doppler activity with high accuracy warrants future research.  

We found that larger tear size was independently associated 
with more severe synovitis, consistent with previous studies [24-
26]. Full-thickness RCTs have been associated with elevated sy-
novitis levels compared to both control groups [24] and par-
tial-thickness tears [25]. Moreover, a correlation between synovi-
tis severity and tear size has previously been reported [26]. How-
ever, it is important to note that our current study could not es-

Table 3. Multivariate analysis of synovitis and clinical parameters 

Variable
GHJ SAS

t-value  β P-value VIF t-value  β P-value VIF
PSV in the AHCA 2.647 0.36 0.01* 1.34 3.859 0.48 < 0.001* 1.38
Doppler activity in GHJ 1.439 0.20 0.16 1.36 NA NA NA NA
Doppler activity in SAS NA NA NA NA 1.585 0.21 0.12 1.53
Tear size 2.151 0.26 0.04* 1.34 3.082 0.34 0.003* 1.10
GHJ synovitis, adjusted R2 = 0.29, P< 0.001; SAS synovitis, adjusted R2 = 0.42, P< 0.001.
GHJ: glenohumeral joint, SAS: subacromial space, β: standardized coefficients, VIF: variance inflation factor, PSV: peak systolic velocity, AHCA: an-
terior humeral circumflex artery, NA: not available.
*Statistically significant, P< 0.05.
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tablish a causal relationship between synovitis and the progres-
sion of RCTs due to its retrospective nature. This should be in-
vestigated in future studies. 

Numerous previous studies have reported that synovitis is of-
ten observed intraoperatively in patients with RCTs [1-7], high-
lighting the need for noninvasive assessment of synovitis. Our 
study findings suggest that a simple noninvasive test may assist 
clinicians in assessing the severity of synovitis in patients with 
RCTs, potentially refining treatments to improve outcomes. As 
our focus was primarily on establishing correlations between 
PSV in the AHCA and synovitis severity, we did not assess pain 
or function. However, we recognize that clinical outcomes such 
as pain and function are critical in assessing the impact of syno-
vitis on patient quality of life [3]. We are conducting ongoing 
clinical trials that include synovitis, PSV in the AHCA, pain, and 
function, which will provide comprehensive clinical insights. 

This study has several limitations. First, we included patients 
from a single primary care facility in a rural area of Japan, which 
could have introduced selection bias. Differences between urban 
and rural areas [27] or research settings [28] may lead to differ-
ences in patient severity, and therefore, generalization of our 
findings should be made with caution. Second, only the area sup-
plied by the AHCA was evaluated. The shoulder is also supplied 
by the thoracoacromial, posterior humeral circumflex, scapular 
circumflex, and axillary arteries [15,16]. However, several studies 
examining each site of the GHJ in detail have shown that antero-
superior synovitis is usually greater than posterior and inferior 
synovitis [2,4], therefore measuring PSV in the AHCA and its 
supply regions is reasonable and valid. Finally, histologic evalua-
tion was not performed in this study. Rather, we focused on ul-
trasound imaging and arthroscopic findings, which we believe 
provide clinically relevant findings. Further investigations, in-
cluding histologic evaluation, are warranted to expand our un-
derstanding. 

CONCLUSIONS 

The current study showed that greater PSV in the AHCA and 
larger tear size were independently associated with the degree of 
synovitis in the GHJ and SAS. These findings suggest that PSV in 
the AHCA and tear size, both of which can be measured nonin-
vasively, are useful indicators of synovitis severity. 
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