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Acromiohumeral distance and supraspinatus 
tendon thickness in people with shoulder 
impingement syndrome compared 
to asymptomatic age and gender-matched 
participants: a case control study
Donald J. Hunter*, Darren A. Rivett, Sharmaine McKiernan and Suzanne J. Snodgrass 

Abstract 

Background:  Shoulder impingement syndrome (SIS) is the most common form of shoulder pain. Conservative 
and surgical treatments for SIS are often not effective. One such surgical intervention is subacromial decompression, 
aimed at widening the subacromial space (SAS). A better understanding of the changes in the SAS may help explain 
the relative ineffectiveness of current interventions.

Objective: To measure the acromiohumeral distance (AHD) and supraspinatus tendon thickness (STT) in people with 
SIS using a case control study.

Methods:  The AHD and STT of 39 participants with SIS ≥3 months and 39 age, gender and dominant arm matched 
controls were measured using ultrasound imaging. Between-group differences for AHD and STT were compared 
using t-tests. A linear regression was used to determine if there was a relationship between AHD and STT measures, 
with group as a covariate.

Results:  Compared to controls (mean age 55.7 years, SD 10.6), individuals with SIS (mean age 57.1 years, SD 11.1) had 
a significantly larger AHD (mean difference 2.14 mm, 95% CI 1.21, 3.07, p < 0.001) and STT (mean difference 1.25 mm, 
95% CI 0.60, 1.90, p < 0.001). The linear regression model indicated an association between AHD and STT (β = 0.59, 
95% CI 0.29, 0.89, p < 0.01, R2 = 0.35, n = 78), suggesting that as STT increases in size, so does the AHD.

Conclusion:  Individuals with SIS had a larger AHD and greater STT than controls. These results suggest the SAS is 
already wider in people with SIS and that the symptoms associated with SIS may be more related to an increased STT 
than a smaller SAS.
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Background
Shoulder pain is the third most common musculoskel-
etal cause of visits to general practitioners [1], with a 
lifetime prevalence between 8 to 68%, depending on 
case definition [2]. Shoulder impingement syndrome 
(SIS) is the most common cause of shoulder pain [3, 4]. 
SIS is a diagnosis that relates to pain from pathologies 
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within the subacromial space (SAS). Synonymous 
names for SIS include outlet impingement syndrome 
[5], subacromial impingement syndrome [6] and sub-
acromial pain syndrome [7]. Pathologies related to SIS 
include subacromial bursitis, tendonitis of the rotator 
cuff, partial thickness and/ or full thickness rotator cuff 
tears and rotator cuff degeneration [8, 9]. Two observa-
tional studies [10, 11] and a systematic review [12] of 
rotator cuff disease report minimal prevalence of SIS in 
the general population below the age of 40 years, with 
prevalence consistently increasing with age from 40 
[13].

Treatments for SIS range from conservative therapy, 
usually consisting of manual therapy and/ or exercise, 
to surgery. However, a recent systematic review con-
cluded that interventions for treating individuals with 
SIS, whether surgical or conservative, had limited effec-
tiveness [14], with approximately half of all new episodes 
of shoulder pain continuing to report symptoms beyond 
12 months [15]. One of the most common surgical inter-
ventions for SIS is subacromial decompression [16]. 
The use of subacromial decompression in England from 
2007 to 2017 increased by 91%, at an estimated cost in 
excess of one billion pounds [17]. Subacromial decom-
pression is based on the premise that narrowing of the 
SAS is believed to be associated with the pathologies 
related to SIS [18–20]. The measurement of the SAS is 
known as the acromiohumeral distance (AHD), which is 
the shortest distance between the inferior aspect of the 
acromion to the closest part of the humeral head [21]. 
The supraspinatus tendon is the most commonly affected 
tendon of the rotator cuff in SIS [22, 23] and is located 
within the SAS.

Previous studies have reported differing findings with 
regard to the size of the AHD and supraspinatus ten-
don thickness (STT) in people with SIS as compared to 
asymptomatic participants. Two studies, using less com-
monly described methods to measure AHD, reported a 
smaller AHD in people with SIS than that measured in 
asymptomatic shoulders [24, 25]. However, three stud-
ies, using the accepted and recommended method for 
measuring AHD [26], found no significant difference in 
AHD between people with SIS compared to asympto-
matic controls. In all three of these studies the AHD was 
measured using ultrasound (US) imaging devices oper-
ated by physical therapists rather than by qualified and 
experienced sonographers. Similarly, several studies have 
measured STT in people affected by SIS compared with 
asymptomatic controls and found the supraspinatus ten-
don to be thicker in people with SIS [27–29]. Only one 
study, using overhead athletes in their twenties as par-
ticipants, reported people with SIS to have a smaller STT 
measure when compared to asymptomatic controls [30].

Given the presumption of the narrowing of the SAS 
in SIS as justification for a common decompressive sur-
gery to treat SIS with limited evidence of its effective-
ness, further research is necessary to better understand 
the underlying anatomical pathology associated with SIS. 
This study investigates whether there is a difference in 
AHD and STT between individuals with SIS compared 
to matched, asymptomatic participants. Obtaining AHD 
and STT measures, using US performed by an expe-
rienced sonographer, from both participants with SIS 
and asymptomatic matched controls may improve our 
understanding of the underlying pathology of the SAS in 
people with SIS and lead to more effective treatment out-
comes, possibly preventing unnecessary surgery.

Methods
Participants
This study was part of a cross-sectional study investi-
gating the possible relationship between thoracic pos-
ture (measured from a single lateral radiograph) and SIS 
[31]. Participants recruited (n = 78) were between 40 and 
80 years of age, given the increase in prevalence of SIS 
from the age of forty [10–12]. Thirty-nine asymptomatic 
individuals with no shoulder symptoms were age, gender 
and dominant arm matched to 39 participants with SIS. 
A participant was regarded as asymptomatic if they had 
not had pain in or around the shoulder while performing 
daily activities in the previous 3 months, not sought any 
treatment for shoulder symptoms within the previous 3 
months and never had previous shoulder treatments for 
more than 3 weeks. SIS participants were included if they 
had experienced shoulder pain for at least 3 months, were 
positive for at least three out of five orthopaedic clinical 
tests for SIS (Neer test, Hawkins-Kennedy test, painful 
arc test, empty can test and the external rotation resist-
ance test) [32], and confirmed as having SIS by a radiolo-
gist using US.

Individuals were excluded from either group if they 
had any condition where undertaking a radiograph was 
contraindicated (e.g. pregnancy); any history of previous 
traumatic injury or surgery to the shoulder, neck or back; 
any known, diagnosed malignancy, infectious disease, 
or inflammatory disease of the shoulder or spine; or any 
known, diagnosed neurological conditions (e.g. multiple 
sclerosis or stroke).

The sample size of this study was determined as the 
number of participants required for the case-control 
study investigating differences in posture between indi-
viduals with and without SIS [31]. A 5 degree difference 
in modified Cobb angle between groups (SIS and healthy 
controls), a standard deviation of 10 degrees (estimated 
from Katzman et al. (2013) and Fon et al. (1980) [33, 34]) 
established 34 participants per group to achieve 80% 
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power with a 5% level of significance. Forty participants 
per group was set as the recruitment target.

Participants were recruited from the community via 
advertising (flyers and radio websites) and a volunteer 
research register maintained by a local research insti-
tute. Human ethics approval was obtained from the 
University of Newcastle Human Research Ethics Com-
mittee (H-2014-0192) and all participants provided writ-
ten informed consent before the commencement of this 
study.

Participant characteristics
Participants’ age, height (stadiometer: Health-o-meter, 
Bridgeview, Illinois, USA) and weight (standard ana-
logue scales: A & D, Seven Hills, NSW, Australia) were 
recorded. Shoulder pain and disability were quantified 
using the Disabilities of the Arm Shoulder and Hand 
questionnaire (DASH - minimal detectable change 
(MDC) 7.9-14.8 points; minimal clinically important dif-
ference (MCID) 10.2 points; test-retest reliability, intra-
class correlation coefficient (ICC) 0.93-0.98) [35]. The 
DASH has been shown to be valid and have excellent reli-
ability in patients with SIS [36, 37].

Ultrasound
The gold standard for diagnosing the pathologies related 
to SIS is arthroscopic or open surgery [38–40]. How-
ever, given surgery is not often required for people with 
SIS, and with US image quality greatly improved with 
advancements in technology [41], more recent stud-
ies now recommend US as the best imaging option for 
diagnosing SIS [38, 39, 41–43]. One limitation of US is 
it is operator dependent. That is, it is desirable that an 
experienced musculoskeletal sonographer performs the 
US imaging and an experienced radiologist interpret the 
findings [43–46]. Given US is non-invasive, has no side 
effects and can easily and quickly be performed in clinic, 
US imaging performed by an experienced sonogra-
pher and interpreted by a radiologist was selected as the 
method to be used in the current study for diagnosing the 
presence of SIS and the measurements of AHD and STT.

SIS was considered to be present if the sonographer 
observed any evidence of bursitis or any rotator cuff 
abnormality including tears, tendonitis or degeneration. 
The diagnosis of SIS could also be dynamic, such as if the 
sonographer observed signs of complete or partial block-
ing of humeral head motion, or bunching of the bursa 
and/ or tendon at the acromion during shoulder abduc-
tion [47–50]. The US images were then read by a radiolo-
gist experienced in musculoskeletal imaging and blinded 
to the symptomology of the participant. The radiologist 
confirmed the presence of SIS for participants suspected 
of having SIS, and the absence of SIS for asymptomatic 

participants. All US images were recorded using the Min-
dray Model M5 (Shenzhen Mindray Bio-medical Elec-
tronics Co, Ltd., China) with a 12 MHz linear transducer 
being employed.

Acromiohumeral distance (AHD)
To measure the AHD, participants were seated with the 
trunk in a neutral position and the arm by their side. 
The transducer was placed on the anterolateral aspect 
of the shoulder by the sonographer and the US images 
recorded (see Fig. 1). The AHD was measured using the 
US machine’s measurement tool (on-screen ‘callipers’). 
The sonographer measured the shortest linear distance 
between the acromion and the humerus by visually locat-
ing the inferior aspect of the acromion and the superior 
aspect of the humerus, marking each with a plus sign as 
shown in Fig.  1. The US machine automatically calcu-
lated the distance between these two points in millime-
tres (mm). Both SIS and asymptomatic participants had 
their AHD recorded. This is the most common and best 
accepted method for measuring AHD with three studies, 
including a recent systematic review, showing US to have 
excellent reliability in measuring AHD using this method 
[26, 45, 51].

Supraspinatus tendon thickness (STT)
To measure STT, participants were seated with the trunk 
in a neutral position, the elbow flexed to 90 degrees and 
the shoulder extended as far as comfortable. The trans-
ducer was placed on the anterolateral aspect of the 
shoulder by the sonographer and both the supraspi-
natus tendon and the long head of biceps tendon were 
recorded in the same image (see Fig.  2). From the US 

Fig. 1  The acromiohumeral distance (AHD, mm) is the distance 
measured between the two plus signs, indicating the inferior aspect 
of the acromion and the superior aspect of the humerus
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image the sonographer identified the transverse section 
of the supraspinatus tendon 10 mm lateral to the edge 
of the long head of biceps tendon. At this section of the 
supraspinatus tendon, the STT was calculated using the 
US machine’s measurement tool. The sonographer visu-
ally identified and marked (using plus signs) the supe-
rior and inferior aspects of the supraspinatus tendon, as 
shown in Fig. 2. The US machine automatically calculated 
the distance between these two points in millimetres 
(mm). Both SIS and asymptomatic participants had their 
STT recorded.

Statistical analysis
Stata statistical software (version 13, College Station, 
Texas, USA) was used to analyse the data. Descriptive 
statistics were calculated for participant characteristics 
(age, gender, weight, height, BMI) and shoulder pain 
and disability (DASH). T-tests were used to determine 
if there were any differences in participant characteris-
tics between the SIS and asymptomatic groups despite 
matching, and whether there were any differences in 
the AHD and STT between groups. The amount of SAS 
occupied by the supraspinatus tendon was calculated by 
the occupation ratio (percentage):

Occupation ratio = STT/AHD *100.
Participant characteristics that differed between groups 

were included as covariates in linear regression mod-
elling investigating the association between AHD and 
group, and separately, the association between STT and 
group. If a difference in descriptive statistics between 
groups was found, a linear regression model with AHD as 
the dependent variable, group as an independent variable 

and the descriptive statistic as a covariate was conducted 
to assess whether any difference between the groups in 
AHD could be explained by the descriptive statistic. This 
was repeated with STT as the dependent variable.

Another regression model was conducted to investigate 
the linear relationship between AHD and STT (depend-
ent variable = AHD, independent variable = STT), with 
group as a categorical covariate (group = 0 for asymp-
tomatic controls, group = 1 for SIS, n = 78). A further 
regression model was also used to determine if the mag-
nitude of pain and disability (DASH) was linearly related 
to STT or AHD for the SIS group (n = 39). The model 
assumptions of linearity and normality of residuals were 
assessed and met for all models.

Intraclass Correlation Coefficients (ICCs) were calcu-
lated for intra-rater and inter-rater reliability of AHD and 
STT measurements by two raters (an experienced sonog-
rapher [rater 1] and an experienced musculoskeletal cli-
nician [rater 2]) on 20 randomly selected participants. 
The standard error of measurement (SEM) [52] and mini-
mal detectable change (MDC) [53] were also calculated 
for both the AHD and the STT using data from these 20 
participants. With the exception of the first AHD meas-
urement by the sonographer, raters were blinded to the 
symptomatic status of the participant and to each other’s 
measurements.

Results
In the course of confirmation of SIS, or its absence, by the 
radiologist, there were two participants (one from each 
group) that did not meet the eligibility criteria. Thus, the 
presented data are for 78 of the full 80 participants ini-
tially recorded. Of the 78 individuals that participated, 
there were 39 asymptomatic individuals (20 females) and 
39 (19 females) with SIS. Age, height, weight, BMI and 
shoulder disability (DASH) are reported in Table 1. AHD 
and STT measurements with between-group compari-
sons are presented in Table 2.

There was no difference in age (years) or height (cm) 
between groups, though participants with SIS had sig-
nificantly greater weight (mean difference 12.9 kg, 95% CI 
6.1, 18.7, p < 0.001) and BMI (3.6 kg/m2, 95% CI 1.6, 5.6, 
< 0.001) than those in the asymptomatic group.

AHD and STT measurements were significantly greater 
in participants with SIS compared to asymptomatic con-
trols (Table 2). The relationship between AHD and group 
was further investigated accounting for BMI (rather than 
weight, as BMI is a function of weight, with height). In 
the linear regression model examining the association 
between AHD and group with BMI as a covariate, BMI 
was significant (β = 0.16, 95% CI 0.06, 0.26, p  = 0.002) 
and thus accounted for a portion of the difference in 
AHD between groups (group: β = 1.58, 95% CI 0.63, 2.52, 

Fig. 2  The thickness of the supraspinatus tendon (STT, mm) is 
measured between the two plus signs, indicating the superior and 
inferior aspects of the tendon, 10 mm lateral to the long head of 
biceps tendon (arrow indicates long head of biceps tendon)
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p = 0.001, R2 = 0.31, n = 78; group = 1 for the SIS group 
and group = 0 for the asymptomatic group).

BMI was also significant (β = 0.16, 95% CI 0.10, 0.23, 
p  < 0.001) in the model investigating the relationship 
between STT and group, accounting for a portion of 
the difference in STT between groups (group: β = 0.68, 
95% CI 0.07, 1.29, p = 0.03, R2 = 0.38, n = 78). No other 
descriptive statistic (height, gender or age) significantly 
explained the difference in AHD or STT between groups. 
There was no difference in occupation ratio between 
groups, even when adjusted for BMI.

There was a positive linear association between AHD 
and STT (β = 0.59, 95% CI 0.29, 0.89, p < 0.001, R2 = 0.35, 
n = 78), indicating that as the STT increased in size, so 
did the AHD. In this model, the SIS group (as the cat-
egorical independent variable) had an AHD measure of 
1.40 mm greater, on average, than the asymptomatic con-
trol group (β = 1.40, 95% CI 0.46, 2.32, p = 0.004). Adding 
weight or BMI as covariates did not improve the linear 
regression model, hence are not included. There was no 
linear relationship between STT (β = 0.79, 95% CI -1.62, 
3.21, p = 0.51) or AHD (β = − 0.64, 95% CI -2.49, 1.22, 
p = 0.49) and the DASH score (pain and disability) for the 
SIS group.

Intra-rater reliability for AHD measurements was 
excellent for rater 1 (ICC (2,1) = 0.99; 95% CI 0.98, 
1.00) and good to excellent for rater 2 (0.85; 0.63, 0.94) 
[54].. Inter-rater reliability was good to excellent (ICC 

(2,1) = 0.92; 95% CI 0.80, 0.97). The SEM of the AHD was 
0.44 mm with the MDC = 1.22 mm.

Intra-rater reliability for STT measurements was excel-
lent for both raters (rater 1: ICC (2,1) = 0.99; 95% CI 0.98, 
1.00; rater 2: 0.98;0.96, 0.99). Inter-rater reliability was 
excellent (ICC (2,1) = 0.95; 95% CI 0.88, 0.98). The SEM 
of the STT was 0.33 mm with the MDC = 0.91 mm.

Discussion
This study set out to compare the AHD and STT between 
people with SIS and matched controls. The results of 
this study indicate that participants with SIS had a sig-
nificantly greater AHD (2.14 mm on average, as measured 
on US) and STT (1.25 mm) as compared to asymptomatic 
controls, both measures greater than their respective 
MDCs. While adjusting for BMI resulted in the AHD 
and STT between-group differences being smaller, the 
SIS group still recorded significantly larger average AHD 
and STT measures than the asymptomatic controls. One 
proposed mechanism for SIS is a larger occupation ratio 
(STT/AHD) [27, 55], with the supraspinatus tendon 
occupying a greater amount of the SAS. However, this 
study found no difference in occupation ratio between 
groups.

There was a linear association between AHD and STT, 
indicating that as the STT increased, so did the AHD. 
These findings suggest that people with shoulder pain 
from SIS have a thickened supraspinatus tendon which 

Table 1  Characteristics of participants (including mean differences) with shoulder impingement syndrome (SIS, n = 39) and age, 
gender and dominant arm matched asymptomatic control participants (n = 39)

Characteristic All (n = 78) SIS (n = 39) Asymptomatic 
(n = 39)

Mean difference SIS-
Asymp (95% CI)

P value

Age (yr), mean (SD) 56.4 (10.8) 57.1 (11.1) 55.7 (10.6) 1.3 (−3.6, 6.2) 0.59

Gender (female), number (%) 39 (50) 19 (49) 20 (51) –

Weight (kg), mean (SD) 78.4 (16.8) 84.8 (17.6) 71.9 (13.3) 12.9 (6.1, 19.7) < 0.001

Height (cm), mean (SD) 168.4 (8.8) 170.0 (8.0) 166.8 (9.3) 3.3 (−0.7,7.2) 0.10

BMI (kg/m2), mean (SD) 27.5 (4.8) 29.3 (5.3) 25.7 (3.5) 3.6 (1.6, 5.6) < 0.001

Disability of the Arm, Hand and Shoulder 
(DASH) questionnaire (/100), mean (SD)

– 26.7 (12.5) – –

Table 2  Mean (SD) and mean differences (95% CI) between individuals with shoulder impingement syndrome (SIS, n = 39) and 
asymptomatic age, gender and dominant arm matched controls (n = 39) for acromiohumeral distance (AHD), supraspinatus tendon 
thickness (STT) measures and occupation ratio

Measure Groups Difference between groups P

SIS (n = 39) Asymp (n = 39) SIS minus Asymp (95% CI)

Acromiohumeral distance (mm) 11.97 (2.22) 9.83 (1.88) 2.14 (1.21 to 3.07) < 0.001

Supraspinatus tendon thickness (mm) 7.11 (1.71) 5.86 (1.13) 1.25 (0.60 to 1.90) < 0.001

Occupation ratio (%) 60.3 (15.5) 61.4 V(15.6) −1.0 (−8.0, 6.0) =0.77
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is associated with an increased distance between the 
humerus and the acromion. There was no linear rela-
tionship between the magnitude of pain and disability 
an individual with SIS was experiencing and the AHD or 
thickness of their supraspinatus tendon.

Published studies with similar methodologies to the 
current study comparing the AHD between SIS partici-
pants and asymptomatic controls all found no difference 
between groups. Desmeules et  al. [56] in an underpow-
ered study of seven SIS participants and 13 healthy con-
trols with an average age of 34 years, found no significant 
difference in the AHD between groups. In the study by 
Michener et  al. [27] with SIS and asymptomatic groups 
each having an average age of 45 years (20 in each group), 
no significant difference in the AHD was also reported. 
Similarly, Navarro-Ledesma and Luque-Suarez [57] also 
showed no difference in the AHD between groups with 
an average age of 46 years (76 SIS participants, 40 con-
trols). However, all three studies had participants at least 
10 years younger than in the current study and the AHD 
was measured using US operated by a physical therapist 
rather than by an experienced sonographer as in the pre-
sent study.

Conversely, two prior studies investigating AHD in 
participants with SIS found the AHD to be smaller in 
SIS participants than controls. Using US, Cholewinski 
et al. [25] found participants with SIS (n = 57, mean age 
56 years), when compared to healthy controls (n = 36, 
mean age 57), had a smaller AHD. However, the method 
used to measure the AHD was different to the current 
study and its reliability was not reported nor in any pre-
vious paper identified. Park et  al. [24] found a signifi-
cantly smaller AHD in participants with SIS compared 
to asymptomatic controls, but measured the AHD from 
MRI images using different anatomical landmarks from 
the current study and with participants lying supine, thus 
altering the effect of gravity on the articular relationships. 
Given the US method for measuring AHD has the par-
ticipant sitting upright, measurements from the current 
study are therefore not directly comparable with those of 
Park et al. (2018).

Benitez-Martinez et al. [30] and Leong et al. [28] inves-
tigated AHD in overhead athletes, with both investiga-
tions finding no difference between participants with SIS 
compared to asymptomatic controls (mean age 26.1 and 
21.5 years respectively). The repetitive overhead nature of 
the sporting activity and the relatively young age of par-
ticipants in both studies limits the ability to generalise 
their findings to the greater population and thus compare 
results to the present study.

For studies with similar methodologies to the current 
study and which compared STT between participants 
with SIS and asymptomatic controls, similar results are 

generally reported. Michener et al. [27] found that people 
with SIS (n = 20, mean age 45.1 years) had a greater STT 
compared to matched asymptomatic controls (n = 20, 
mean age 45). Likewise, Joensen et  al. [29] also found 
people with unilateral supraspinatus tendon related pain 
(n = 64, mean age 48 years) had greater STT compared to 
the asymptomatic shoulder of the same individual. Only 
one study reported no difference in STT between SIS 
participants compared to controls [25].

The findings from the current study of greater AHD 
and STT in individuals with SIS compared to controls, 
in conjunction with the results of studies [27, 29, 56, 57] 
using similar methodologies and samples, is potentially 
at odds with the theorised mechanism that sympto-
matic pathology related to SIS is due to a narrowing of 
the SAS [23, 27]. A larger AHD suggests a greater SAS 
in individuals with SIS compared to controls. Notably, 
a recent multi-centre randomised surgical trial investi-
gating subacromial decompression surgery, a common 
procedure to treat symptoms related to SIS by increas-
ing the size of the SAS, reported that this surgery is no 
better than placebo [16]. Taken together, the findings of 
this and the current study suggest the painful shoulder 
symptoms associated with SIS are unlikely to be related 
to the size of the SAS. Symptoms may instead be related 
to a thickening of the supraspinatus tendon, as observed 
in the present study and also those of Michener et  al. 
(2015) and Joensen et  al. (2009). This pathoanatomical 
evidence is likely the result of degeneration and chronic 
overuse of the supraspinatus tendon [12, 58], suggesting 
management of patients with probable SIS should incor-
porate treatment directed at reducing the thickening of 
the supraspinatus tendon [59–61] and educating patients 
on avoiding behaviour that irritates the tendon. While 
further research is needed, this approach may promise 
more relief for people suffering the symptoms of SIS than 
surgical treatment addressing the size of the SAS.

Limitations
This was a cross-sectional study investigating AHD and 
STT in people with SIS at one point in time, thus only 
associations between study factors can be demonstrated. 
While it appears that a greater AHD or greater STT may 
be risk factors for SIS, given this is a cross-sectional case-
control study, it is not possible to infer causality. A large 
longitudinal study following, initially younger, people 
over several decades would be required to irrefutably 
demonstrate whether increases in AHD or STT increase 
the risk of developing SIS.

The measures of AHD and STT were recorded with a 
participant’s arm by their side. Given that pain associ-
ated with SIS can occur with various movements of the 
arm, the recording of AHD and STT measures at varying 
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degrees of shoulder flexion and abduction may provide 
more information as to the cause of the pain associated 
with SIS. Also, when the US images were recorded, the 
sonographer was not blinded to the symptomatology 
of the participant. However, the radiologist reading the 
images was blinded to symptomatic status.

Another limitation is that our results can only be gen-
eralised to people aged 40 years or older. For this study 
we purposefully restricted the inclusion of participants to 
40 years or older, given the minimal prevalence of rota-
tor cuff disease in people under 40 years of age [10–12]. If 
we had included participants in their 20s, then it is likely 
the aetiology of their SIS would have been different to the 
participants of the current study [20, 62]. More research 
is required using similar methodologies to the current 
study, employing participants of different ages to the cur-
rent study but with likely similar SIS aetiologies.

A final limitation was that it was not feasible to match 
participants in each group for BMI, and BMI was asso-
ciated with the outcomes. We accounted for between-
group differences in BMI using regression modelling, but 
future studies may consider matching for BMI in addition 
to age and gender.

Conclusion
This study found greater AHD and STT measures in peo-
ple with SIS compared to matched, asymptomatic con-
trols, and that these two measures are linearly associated. 
This suggests that symptoms consistent with SIS may be 
related to a larger SAS with thickening of the supraspina-
tus tendon, rather than a narrowing of the SAS.

Abbreviations
SIS: Shoulder impingement syndrome; SAS: Subacromial space; AHD: Acro-
miohumeral distance; STT: Supraspinatus tendon thickness; US: Ultrasound; 
DASH: Disabilities of the Arm Shoulder and Hand.

Acknowledgements
The authors would like to thank the Hunter Medical Research Institute (HMRI) 
for assisting with participant recruitment.

Authors’ contributions
DH was involved in the study’s conception, aided in the collection of all data, 
analysed the data and was a major contributor in the writing of the manu-
script. DR was involved in the study’s conception, aided in data analysis and 
was a major contributor in the writing of the manuscript. SM was involved in 
the study’s conception, aided in the collection of all data and was a contribu-
tor in the writing of the manuscript. SS was involved in the study’s conception, 
aided in the analysis of the data and was a major contributor in the writing of 
the manuscript. All authors read and approved the final manuscript.

Funding
This research did not receive any funding from any funding agency at any 
time, from conceptualisation of the study to the manuscript’s completion.

Availability of data and materials
The datasets used and/ or analysed during the current study are available 
from the corresponding author on reasonable request.

Declarations

This research was conducted in accordance with the Declaration of 
Helsinki.Ethics approval and consent to participate
Human ethics approval was obtained from the University of Newcastle (Aus-
tralia) Human Research Ethics Committee (H-2014-0192) and all participants 
provided written informed consent before the commencement of this study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 12 July 2021   Accepted: 12 November 2021

References
	1.	 Greving K, Dorrestijn O, Winters JC, Groenhof F, van der Meer K, Stevens 

M, et al. Incidence, prevalence, and consultation rates of shoulder com-
plaints in general practice. Scand J Rheumatol. 2012;41(2):150–5.

	2.	 Luime JJ, Koes BW, Hendriksen IJM, Burdorf A, Verhagen AP, Miedema HS, 
et al. Prevalence and incidence of shoulder pain in the general popula-
tion; a systematic review. Scand J Rheumatol. 2004;33(2):73–81.

	3.	 Mayerhoefer ME, Breitenseher MJ, Wurnig C, Roposch A. Shoulder 
impingement: relationship of clinical symptoms and imaging criteria. Clin 
J Sport Med. 2009;19(2):83–9.

	4.	 Ostor AJ, Richards CA, Prevost AT, Speed CA, Hazleman BL. Diagnosis and 
relation to general health of shoulder disorders presenting to primary 
care. Rheumatology. 2005;44(6):800–5.

	5.	 Theisen C, van Wagensveld A, Timmesfeld N, Efe T, Heyse TJ, Fuchs-
Winkelmann S, et al. Co-occurrence of outlet impingement syndrome 
of the shoulder and restricted range of motion in the thoracic spine - a 
prospective study with ultrasound-based motion analysis. BMC Musculo-
skelet Disord. 2010;11:135.

	6.	 Kelly SM, Brittle N, Allen GM. The value of physical tests for subacromial 
impingement syndrome: a study of diagnostic accuracy. Clin Rehabil. 
2010;24(2):149–58.

	7.	 Lewis JS. Rotator cuff related shoulder pain: assessment, management 
and uncertainties. Man Ther. 2016;23:57–68.

	8.	 Rumack CM, Levine D. Diagnostic ultrasound. 5th ed. St Louis: Elsevier/
Mosby; 2018.

	9.	 Harvey D. The diagnosis of subacromial impingement syndrome and 
associated pathology in the primary care setting: Masters thesis; 2009. 
https://​openr​eposi​tory.​aut.​ac.​nz/​handle/​10292/​768;​jsess​ionid=​D89B5​
8B316​1A55F​FD0D4​BCF44​0DF4E​E7.

	10.	 Tekavec E, Joud A, Rittner R, Mikoczy Z, Nordander C, Petersson IF, et al. 
Population-based consultation patterns in patients with shoulder pain 
diagnosis. BMC Musculoskelet Disord. 2012;13:238.

	11.	 Minagawa H, Yamamoto N, Abe H, Fukuda M, Seki N, Kikuchi K, et al. 
Prevalence of symptomatic and asymptomatic rotator cuff tears in 
the general population: from mass-screening in one village. J Orthop. 
2013;10(1):8–12.

	12.	 Teunis T, Lubberts B, Reilly BT, Ring D. A systematic review and pooled 
analysis of the prevalence of rotator cuff disease with increasing age. J 
Shoulder Elbow Surg. 2014;23(12):1913–21.

	13.	 Linsell L, Dawson J, Zondervan K, Rose P, Randall T, Fitzpatrick R, et al. 
Prevalence and incidence of adults consulting for shoulder conditions 
in UK primary care; patterns of diagnosis and referral. Rheumatology. 
2006;45(2):215–21.

	14.	 Saltychev M, Aarima V, Virolainen P, Laimi K. Conservative treatment or 
surgery for shoulder impingement: systematic review and meta-analysis. 
Disabil Rehabil. 2015;37(1):1–8.

	15.	 Van der Heijden GJMG. Shoulder disorders: a state-of-the-art review. Bail-
lieres Clin Rheumatol. 1999;13(2):287–309.

	16.	 Beard DJ, Rees JL, Cook JA, Rombach I, Cooper C, Merritt N, et al. 
Arthroscopic subacromial decompression for subacromial shoulder pain 

https://openrepository.aut.ac.nz/handle/10292/768;jsessionid=D89B58B3161A55FFD0D4BCF440DF4EE7
https://openrepository.aut.ac.nz/handle/10292/768;jsessionid=D89B58B3161A55FFD0D4BCF440DF4EE7


Page 8 of 9Hunter et al. BMC Musculoskeletal Disorders         (2021) 22:1004 

(CSAW): a multicentre, pragmatic, parallel group, placebo-controlled, 
three-group, randomised surgical trial. Lancet. 2018;391(10118):329–38.

	17.	 Jones T, Carr AJ, Beard D, Linton MJ, Rooshenas L, Donovan J, et al. Longi-
tudinal study of use and cost of subacromial decompression surgery: the 
need for effective evaluation of surgical procedures to prevent overtreat-
ment and wasted resources. BMJ Open. 2019;9(8):e030229.

	18.	 Girometti R, De Candia A, Sbuelz M, Toso F, Zuiani C, Bazzocchi M. 
Supraspinatus tendon US morphology in basketball players: cor-
relation with main pathologic models of secondary impingement 
syndrome in young overhead athletes. Preliminary report. Radiol Med. 
2006;111(1):42–52.

	19.	 Roy JS, Moffet H, Hebert LJ, Lirette R. Effect of motor control and 
strengthening exercises on shoulder function in persons with 
impingement syndrome: a single-subject study design. Man Ther. 
2009;14(2):180–8.

	20.	 Neer CS. Impingement lesions. Clin Orthop Relat Res. 1983;173(3):70–7.
	21.	 Hebert LJ, Moffet H, Dufour M, Moisan C. Acromiohumeral distance in a 

seated position in persons with impingement syndrome. J Magn Reson 
Imaging. 2003;18(1):72–9.

	22.	 Cools AM, Cambier D, Witvrouw EE. Screening the athlete’s shoulder for 
impingement symptoms: a clinical reasoning algorithm for early detec-
tion of shoulder pathology. Br J Sports Med. 2008;42(8):628–35.

	23.	 Neer CS. Anterior Acromioplasty for the chronic impingement syndrome 
in the shoulder: a preliminary report. J Bone Joint Surg. 1972;54:41–50.

	24.	 Park HJ, Lee SY, Choi YJ, Park JH, Kim E. Association between subacro-
mial impingement and acromiohumeral distance on MRI. Iran J Radiol. 
2018;15(2):1–6.

	25.	 Cholewinski JJ, Kusz DJ, Wojciechowski P, Cielinski LS, Zoladz MP. 
Ultrasound measurement of rotator cuff thickness and acromio-humeral 
distance in the diagnosis of subacromial impingement syndrome of the 
shoulder. Knee Surg Sports Traumatol Arthrosc. 2008;16(4):408–14.

	26.	 McCreesh KM, Crotty JM, Lewis JS. Acromiohumeral distance measure-
ment in rotator cuff tendinopathy: is there a reliable, clinically applicable 
method? A systematic review. Br J Sports Med. 2015;49(5):298–305.

	27.	 Michener LA, Subasi Yesilyaprak SS, Seitz AL, Timmons MK, Walsworth MK. 
Supraspinatus tendon and subacromial space parameters measured on 
ultrasonographic imaging in subacromial impingement syndrome. Knee 
Surg Sports Traumatol Arthrosc. 2015;23(2):363–9.

	28.	 Leong HT, Tsui S, Ying M, Leung VY, Fu SN. Ultrasound measurements on 
acromio-humeral distance and supraspinatus tendon thickness: test-
retest reliability and correlations with shoulder rotational strengths. J Sci 
Med Sport. 2012;15(4):284–91.

	29.	 Joensen J, Couppe C, Bjordal JM. Increased palpation tenderness and 
muscle strength deficit in the prediction of tendon hypertrophy in symp-
tomatic unilateral shoulder tendinopathy: an ultrasonographic study. 
Physiotherapy. 2009;95(2):83–93.

	30.	 Benitez-Martinez JC, Casana-Granell J, de Llago YE, Villaron-Casales C, 
Espi-Lopez GV, Jimenez-Diaz F. Cross sectional area of the supraspina-
tus muscle and Acromio-humeral distance in overhead athletes with 
and without shoulder pain: a cross-sectional study. J Sport Rehabil. 
2017;26(6):524–9.

	31.	 Hunter DJ, Rivett DA, McKiernan S, Smith L, Snodgrass SJ. Relationship 
between shoulder impingement syndrome and thoracic posture. Phys 
Ther. 2020;100(4):677–86.

	32.	 Michener LA, Walsworth MK, Doukas MD, Murphy KP. Relibility and 
diagnostic accuracy of 5 physical examination tests and combination for 
subacromial impingement. Arch Phys Med Rehabil. 2009;90:1898–903.

	33.	 Katzman WB, Huang MH, Lane NE, Ensrud KE, Kado DM. Kyphosis and 
decline in physical function over 15 years in older community-dwelling 
women: the study of osteoporotic fractures. J Gerontol A Biol Sci Med Sci. 
2013;68(8):976–83.

	34.	 Fon GT, Pitt MJ, Thies AC. Thoracic kyphosis: range in normal subjects. Am 
J Roentgenol. 1980;134:979–83.

	35.	 Angst F, Schwyzer HK, Aeschlimann A, Simmen BR, Goldhahn J. Measures 
of adult shoulder function: Disabilities of the Arm, Shoulder, and Hand 
Questionnaire (DASH) and its short version (QuickDASH), Shoulder Pain 
and Disability Index (SPADI), American Shoulder and Elbow Surgeons 
(ASES) Society standardized shoulder assessment form, Constant (Murley) 
Score (CS), Simple Shoulder Test (SST), Oxford Shoulder Score (OSS), 

Shoulder Disability Questionnaire (SDQ), and Western Ontario Shoulder 
Instability Index (WOSI). Arthritis Care Res. 2011;63(Suppl 11):S174–88.

	36.	 Bot SDM. Clinimetric evaluation of shoulder disability questionnaires: a 
systematic review of the literature. Ann Rheum Dis. 2004;63(4):335–41.

	37.	 Roy JS, MacDermid JC, Woodhouse LJ. Measuring shoulder func-
tion: a systematic review of four questionnaires. Arthritis Rheum. 
2009;61(5):623–32.

	38.	 de Jesus JO, Parker L, Frangos AJ, Nazarian LN. Accuracy of MRI, MR 
arthrography, and ultrasound in the diagnosis of rotator cuff tears: a 
meta-analysis. Am J Roentgenol. 2009;192(6):1701–7.

	39.	 Beggs I. Shoulder ultrasound. Semin Ultrasound CT MRI. 
2011;32(2):101–13.

	40.	 Alqunaee M, Galvin R, Fahey T. Diagnostic accuracy of clinical tests for 
subacromial impingement syndrome: a systematic review and meta-
analysis. Arch Phys Med Rehabil. 2012;93(2):229–36.

	41.	 Singh JP. Shoulder ultrasound: what you need to know. Indian J Radiol-
ogy Imaging. 2012;22(4):284–92.

	42.	 Singh AP, Rao A, Devaru S, Amithavikrama. Role of ultrasound in evalua-
tion of shoulder injuries: a comparative study of ultrasound and MRI. Int J 
Anat Radiol Surg. 2017;6(1):R012–R8.

	43.	 Saraya S, El Bakry R. Ultrasound: can it replace MRI in the evaluation of the 
rotator cuff tears? Egypt J Radiol Nucl Med. 2016;47(1):193–201.

	44.	 O’Connor PJ, Rankine J, Gibbon WW, Richardson A, Winter F, Miller JH. 
Interobserver variation in sonography of the painful shoulder. J Clin 
Ultrasound. 2005;33(2):53–6.

	45.	 McCreesh KM, Anjum S, Crotty JM, Lewis JS. Ultrasound measures of 
supraspinatus tendon thickness and acromiohumeral distance in rotator 
cuff tendinopathy are reliable. J Clin Ultrasound. 2016;44(3):159–66.

	46.	 Okoroha KR, Fidai MS, Tramer JS, Davis KD, Kolowich PA. Diagnostic accu-
racy of ultrasound for rotator cuff tears. Ultrasonography. 2018.

	47.	 Read JW, Perko M. Ultrasound diagnosis of subacromial impingement for 
lesions of the rotator cuff. Australas J Ultrasound Med. 2010;13:11–5.

	48.	 Farin PU, Jaroma H, Harju A, Soimakallio S. Shoulder impingement syn-
drome: sonographic evaluation. Radiology. 1990;176:845–8.

	49.	 Bureau NJ, Beauchamp M, Cardinal E, Brassard P. Dynamic sonography 
evaluation of shoulder impingement syndrome. ARJ. 2006;187:216–20.

	50.	 Wang SJ, Wang HK, Chen WS, Wang TG. Dynamic visualisation of 
the coracoacromial ligament by ultrasound. J Ultrasound Med Biol. 
2009;35:1242–8.

	51.	 Navarro-Ledesma S, Struyf F, Labajos-Manzanares MT, Fernandez-Sanchez 
M, Morales-Asencio JM, Luque-Suarez A. Does the acromiohumeral dis-
tance matter in chronic rotator cuff related shoulder pain? Musculoskelet 
Sci Pract. 2017;29:38–42.

	52.	 Tighe J, McManus IC, Dewhurst NG, Chis L, Mucklow J. The standard error 
of measurement is a more appropriate measure of quality for postgradu-
ate medical assessments than is reliability: an analysis of MRCP (UK) 
examinations. BMC Med Educ. 2010;10:40.

	53.	 Dontje ML, Dall PM, Skelton DA, Gill JMR, Chastin SFM, Seniors USPT. 
Reliability, minimal detectable change and responsiveness to change: 
indicators to select the best method to measure sedentary behaviour in 
older adults in different study designs. Plos One. 2018;13(4):e0195424.

	54.	 Koo TK, Li MY. A guideline of selecting and reporting Intraclass correlation 
coefficients for reliability research. J Chiropr Med. 2016;15(2):155–63.

	55.	 Belley AF, Mercier C, Bastien M, Leonard G, Gaudreault N, Roy JS. Anodal 
transcranial direct-current stimulation to enhance rehabilitation in 
individuals with rotator cuff tendinopathy: a triple-blind randomized 
controlled trial. J Orthop Sports PhysTher. 2018;48(7):541–51.

	56.	 Desmeules F, Minville L, Riederer B, Côté CH, Frémont P. Acromio-humeral 
distance variation measured by ultrasonography and its association with 
the outcome of rehabilitation for shoulder impingement syndrome. Clin J 
Sport Med. 2004;14(4):197–205.

	57.	 Navarro-Ledesma S, Luque-Suarez A. Comparison of acromiohumeral 
distance in symptomatic and asymptomatic patient shoulders and those 
of healthy controls. Clin Biomech (Bristol, Avon). 2018;53:101–6.

	58.	 Bass E. Tendinopathy: why the difference between tendonitis and ten-
donosis matters. Int J Ther Massage Bodywork. 2012;5(1):14–7.

	59.	 Andres BM, Murrell GA. Treatment of tendinopathy: what works, 
what does not, and what is on the horizon. Clin Orthop Relat Res. 
2008;466(7):1539–54.

	60.	 Boesen AP, Hansen R, Boesen MI, Malliaras P, Langberg H. Effect of 
high-volume injection, platelet-rich plasma, and sham treatment in 



Page 9 of 9Hunter et al. BMC Musculoskeletal Disorders         (2021) 22:1004 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

chronic Midportion Achilles tendinopathy: a randomized double-blinded 
prospective study. Am J Sports Med. 2017;45(9):2034–43.

	61.	 Grigg NL, Wearing SC, Smeathers JE. Eccentric calf muscle exercise 
produces a greater acute reduction in Achilles tendon thickness than 
concentric exercise. Br J Sports Med. 2009;43(4):280–3.

	62.	 Gombera MM, Sekiya JK. Rotator cuff tear and glenohumeral instability : a 
systematic review. Clin Orthop Relat Res. 2014;472(8):2448–56.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Acromiohumeral distance and supraspinatus tendon thickness in people with shoulder impingement syndrome compared to asymptomatic age and gender-matched participants: a case control study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Participants
	Participant characteristics
	Ultrasound
	Acromiohumeral distance (AHD)
	Supraspinatus tendon thickness (STT)
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


