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A m o n g s t  m u s c u l o s ke l e t a l  d i s o r d e r s ,  s h o u l d e r 

impingement syndrome (SIS) is the third most common 

cause of pain. Most of the patients are visiting the 

orthopedic department with this complaint [1]. Shoulder 

impingement or shoulder pain syndrome is the painful 

entrapment of the soft tissues in the shoulder outlet [2]. 

The shoulder outlet is the space between the acromion and 

humeral head. It is caused either by narrowing of the 

s h o u l d e r  o u t l e t  o r  t h i c k e n i n g  o f  i t s  c o n t e n t s 

(supraspinatus tendon (SST), subacromial subdeltoid 

(SASD) bursa, joint capsule, etc.) [3,4]. The one-month 

prevalence of shoulder pain is between 16% and 30% [5]. 

SIS could be caused by a myriad of different conditions 

ranging from occupation to degenerative bone disease and 

tendon tear [6]. Historically multiple imaging and clinical 

I N T R O D U C T I O N

DOI: DOI: https://doi.org/10.54393/pbmj.v5i3.298

 

Bacha et al.,

Accuracy Of The Sonographic Acromion to Greater Tuberosity Distance During 
Abduction in The Diagnosis of Shoulder Impingement Syndrome

¹University Institute of Radiological & Imaging Technologies, Faculty of Allied Health Sciences, The University of Lahore, Lahore, 

Pakistan

Shoulder impingement is the painful entrapment of the soft tissues in the shoulder outlet. 

Currently, dynamic sonography of the shoulder is the modality of choice for the evaluation of 

shoulder impingement syndrome. However, the current sonographic criteria for the evaluation 

of shoulder impingement is more subjective (operator dependent). And it is rather di�cult for a 

novice observer to diagnose it. The measurable acromian to greater tuberosity distance during 

shoulder abduction is considered as a diagnostic criteria for shoulder impingement syndrome 

Objective: To estimate the accuracy of the acromion to greater tuberosity distance in shoulder 

abduction as a sonographic diagnostic parameter for the shoulder impingement syndrome 

Methods: Seven hundred and seventy-two shoulders were observed in this study. All the 

shoulders were evaluated with Toshiba Xario Prime ultrasound Unit with linear transducer 7-

14MHz. Acromion to greater tuberosity distance was measured during the abducted arm. All the 

shoulders with measurable distance during abduction were declared as positive for 

impingement while unmeasurable distance due to disappearance of the greater tuberosity 

underneath the acromion was normal Results: An excellent inter-observer (novice and expert) 

agreement was observed in the diagnosis of shoulder impingement through the acromon to 

greater tuberosity distance during abduction criteria with a Kappa value of 0.96.  For the 

diagnosis of shoulder impingement syndrome, its sensitivity, was 0.9731% and speci�city 99.9% 

Conclusion: Sonographically measurable acromion to greater tuberosity distance during active 

arm abduction is a more accurate, reliable, and objective technique for the diagnosis of shoulder 

impingement syndrome. 

A R T I C L E I N F O A B S T R A C T

Key Words: 

examination techniques were used for the evaluation of 

SIS. However, plain x-ray, CT, MIR and sonography are being 

used for its diagnosis as imaging modalities [7]. In adjunct 

to physical examination, Sonography has progressively 

being used for the evaluation of SIS for more than three 

decades [8]. It is the peculiar property of dynamic 

sonography to observe, the movement of the SST and SASD 

bursa could be observed in real-time while moving beneath 

the acromion during abduction [9,10]. Currently, study 

dynamic sonography is being used to evaluate shoulder 

pain [11,12]. The sensitivity and speci�city of dynamic 

sonography are high enough to be reliably used in the 

assessment of SIS [8,13]. Grayscale sonography combined 

with the dynamic study was proved as a helpful tool in the 

detection of various causes of the painful shoulder 
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especially impingement syndrome [14]. The sensitivity and 

speci�city of sonography are very high in SST full-

thickness tear 100% and 97% respectively. Whereas 

slightly low in the SST partial-thickness tears(15,16).   

Conversely, sonography is a non-invasive, readily available, 

relatively quick procedure, and safe modality in the 

diagnosis of various diseases [17,18]. Currently, dynamic 

sonography of the shoulder is the procedure of choice for 

the diagnosis of SIS. In dynamic sonography, the arm of the 

patient is abducted and the movement of the subacromial 

contents is observed to see whether they are passing 

smoothly underneath the acromion or not. Sometimes it is 

overlooked or over-diagnosed and thus results in a great 

deal of variation. However, the diagnosis of SIS with the 

help of dynamic sonography requires experience and is 

rather a subjective criterion and operator-dependent 

[19,20]. For more uniform and prudent (reliable and 

accurate) use of sonography in the evaluation of SIS some 

objective (based on numerical value) criteria are needed to 

be adopted. In the current study, the accuracy of the 

acromion to greater tuberosity distance (AGTD) measured 

during arm abduction in the diagnosis of SIS was focused. 
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The mean age of all the included 386 patients was a 

43.42±18.00 years (Table 1). Data related to other 

descriptive parameters is given in the table. For the 

determination of the accuracy of the new sonographic 

criteria (AGTD in Abduction), the �ndings were compared 

with dynamic sonography. At 95% con�dence interval, the 

sensitivity, and speci�city with lower and upper limits, of 

the acromion to greater tuberosity distance during 

abduction for the diagnosis of SIS were 97.31% (95.25 to 

98.49%) and 100% (98.49 to 100%) respectively (Table 1). 

While the positive-predictive and negative-predictive 

value were 99.9% (98.22% to 100%) and 97.12% (94.96% to 

98.37%) respectively. However, the overall Accuracy at 95% 

con�dence interval was 98.45% (97.30% to 99.20%). A 

strong interobserver (novice and expert) agreement was 

seen in the diagnosis of SIS through this criteria with a 

Kappa value of 0.96. However, the new criterion is relatively 

more accurate and reliable. Amongst all the participants; 

331(43%) were females and 441 (57%) were males. While 364 

(47%) were hypertensive and 408(52.7%) were non-

hypertensive. Both the shoulders of all the participants 

were examined in this study. Cortical bone irregularity was 

found in 413 (53.4%) while absent in 359 (46.6%) shoulders. 

Mean Acromion-to-greater tuberosity Distance in 

3.07±3.70 (0.00-34.60) mm (Table 1). According to the real-

time dynamic sonography 401 (51.9%), participants were 

Positive and 371 (48.1%) were Negative for SIS. But with the 

help of new criteria (AGTD in abduction) with the help of 

acromion to greater tuberosity distance in abduction 

declared 390 (50.52%) shoulders positive for SIS while 382 

(49.49%) negatives. 

M E T H O D S

This cross-sectional observational study was conducted in 

two years at Gilani Ultrasound Center, Lahore, Pakistan. To 

compare the �ndings and perform accuracy tests 772 

shoulders of 386 individuals were included in two groups. 

Group-1: positive SIS according to Neer and Hawkins 

Kennedy's tests, 402 (52.1%). Group-2: normal volunteers 

370 (47.9%).  Toshiba Xario ultrasound machine with linear 

transducer frequency ranging from 7-14MHz was used for 

the patients examination in this study. Informed consent 

was obtained from all the participants. American Institute 

of Ultrasound in Medicine (AIUM) guidelines for shoulder 

sonography were followed in this study [21]. Linear 

transducer was placed in coronal view while one end of the 

transducer is directed towards the acromion and the other 

towards the greater tuberosity (Figure 1). The patient was 

asked to raise their arm under examination in the scapular 

plane while the elbow �exed at 90 degrees while the hand 

was directed forward. In the normal individuals, the greater 

tuberosity along with the rotator cuff tendons and SASD 

bursa smoothly moved underneath the acromion and 

consequently, no measurable distance was left behind 

(Figure 2). In the cases of SIS, the movement of the greater 

tuberosity is ceased and a measurable distance remains in 

arm abduction. The shoulders having measurable AGTD in 

the abducted arm were declared as SIS (Figure 3). The 

procedure was repeated by a novice observer as well while 

kept blind from the �ndings of the experienced observer, to 

look for the interobserver agreement. The �ndings were 

con�rmed with dynamic sonography (reference standard) 

performed by a 10-year experienced sonologist. 

Data analysis: SPSS 24, IBM, Armonk, NY, United States of 

America) software was used for the  data analysis [22]. 

Sensitivity, speci�city, positive predictive, and negative 

predictive values were calculated with the help of two-by-

two contingency table. Other demographic data was 

presented in the form of frequency and percentage

R E S U L T S 

 Descriptive Statistics Mean SD Minimum Maximum 

Age (Years) 44.42 17.00 6.00 91.00 

AGTD in neutral (mm) of total 772 shoulders 16.51 3.11 12.10 48.90 

AGTD in Abduction (mm) of total 772 shoulders 3.07 3.70 0.00 35.70 

AGTD in neutral (mm) in the (401) cases of SIS 16.3 3.17 12.1 48.9 

AGTD in Abduction (mm) in the cases of SIS 5.80 3.03 0.00 35.7 

AGTD in neutral position (mm) in (371) normal shoulders 16.75 3.03 13.39 25.50 

AGTD in Abduction (mm) in normal volunteers 0.06 0.65 0.00 8.81 

 
Table 1: Mean, Standard Deviation and range of Age (Years) of 

participants, Acromion-to-greater-tuberosity Distance AGTD in 

Neutral position, AGTD in Abduction, and AGTD in Neutral and 

Abduction of normal volunteers and SIS cases
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SIS is the aggravation of pain, weakness, and loss of 

movement at the shoulder.  It is caused by the irritation of 

the subacromial structures (SST, and bursa) as they pass 

through the subacromial space during abduction. The 

irritation of the subacromial structures occurs due to the 

in�ammation of tendons, bursa, and joint capsules or 

narrowing of the subacromial space [23,24]. SIS is initially 

diagnosed by patient history and physical examination, 

which is then followed by plain x-rays to rule out bone-

related abnormalities [25]. The contrast resolution of MRI 

is better and can evaluate soft tissues but the dynamic 

evaluation is impossible in it. SIS is a condition that can be 

diagnosed during real-time dynamic evaluation which is 

only possible in Sonography. Due to a myriad of bene�ts of 

sonography over the other imaging modalities, it has been 

used for about two to three decades in the evaluations of 

musculoskeletal structures. SIS can only be diagnosed 

with real-time dynamic evaluation. Different sonographic 

techniques are being used for the diagnosis of SIS. But 

almost all of them are subjective and there are plenty of 

interobserver variabilities. Thus, the sonographic 

diagnosis sonography in the diagnosis of SIS is operator 

dependent and therefore, requires expertise and 

experience. It is di�cult for a novice to diagnose SIS. 

However, a clear-cut, objective sonographic criterion is 

needed to be established for uniform diagnosis. It has been 

observed for long that during abduction of the arm under 

real-time sonography surveillance the distance between 

greater tuberosity and acromion has vanished in normal 

cases while passing underneath the acromion. However, in 

the cases of SIS, the greater tuberosity stuck away from 

the acromion during abduction and there remain some 

measurable distance from the acromion to the greater 

tuberosity. To evaluate the reliability of this technique in 

the current study 772 shoulders were included. While 

comparing the results with gold standard dynamic 

sonography the sensitivity and speci�city of this technique 

were too high. Dynamic sonography has the highest 

sensitivity in the assessment of SIS. However, its 

sensitivity in the partial thickness tear is 85.7% f and cuff 

full-thickness tear is 90% [14]. With the help of sonography 

the underlying cause of the SIS can con�dently  be 

diagnosed to adopt appropriate management plan [26]. In a 

study, 50 patients were conveniently included for the 

determination of the value of sonography in SIS diagnosis 

acromion to grater tuberosity was measured in the neutral 

position which is 19.5mm. After trying to abduct the arm the 

distance from acromion to greater tuberosity was reduced to 

15.7mm. However, the movement of the arm was restricted, 

during abduction, the distance was 15.7mm. Key: (ABD) abduction, 

(NUT) neutral position

D I S C U S S I O N

Figure 1: Patient position, and transducer approach for the 

acromion to greater tuberosity distance (AGTD) measurement for 

the evaluation of shoulder impingement syndrome (SIS)

Figure 2 : Ultrasound image of the normal right shoulder during 

abduction and neutral position. In the right-sided image, the 

distance from the acromion to grater tuberosity was measured 

the neutral position which is 15.4mm. In the left-side image, the 

greater tuberosity disappears beneath the acromion

Figure 3 : Ultrasound image of the left shoulder during abduction 

and neutral position. In the left-side image, the distance from the 

DOI: DOI: https://doi.org/10.54393/pbmj.v5i3.298

 

Bacha et al.,

136

Sonographic Acromion in The Diagnosis of Shoulder Impingement Syndrome



PBMJ VOL. 5, Issue. 3 March 2022 Copyright (c) 2022. PBMJ, Published by Crosslinks International Publishers

M u s c u l o s k e l e t  D i s o r d .  2 0 2 0 ; 2 1 ( 1 ) : 1 - 9 . 

doi.org/10.1186/s12891-020-03787-0

Linaker CH, Walker-Bone K. Shoulder disorders and 

occupation. Best practice & research Clinical 

r h e u m a t o l o g y .  2 0 1 5 ; 2 9 ( 3 ) : 4 0 5 - 2 3 .  d o i : 

10.1016/j.berh.2015.04.001.

S i m o n s  S M ,  K r u s e  D ,  D i x o n  J B .  S h o u l d e r 

impingement syndrome. Up-to-Date [Database on 

the Internet] UpToDate. 2016.

Garving C, Jakob S, Bauer I, Nadjar R, Brunner UH. 

Impingement syndrome of the shoulder. Deutsches 

Ärzteblatt International. 2017;114(45):765. doi: 

10.3238/arztebl.2017.0765. 

Alshuwaer TA, Gilman F. Prevention of Shoulder 

Injuries in Sonographers: A Systematic Review. 

Journal  of  Diagnostic Medical  Sonography. 

2019;35(5):392-9. doi.org/10.1177/8756479319850140

Gilani SA, Mehboob R, Bacha R, Gilani A, Manzoor I. 

Sonographic Presentation of the Geyser Sign. Case 

r e p o r t s  i n  m e d i c i n e .  2 0 1 9 ; 2 0 1 9 . 

doi.org/10.1155/2019/5623530

Manzoor I, Bacha R, Gilani S, Liaqat M. The role of 

ultrasound in shoulder impingement syndrome and 

rotator cuff tear. Ann Orthop Trauma Rehabil. 

2019;2(1):126.doi:  10.12659/MSM.915547

Read JW, Perko M. Ultrasound diagnosis of 

subacromial impingement for lesions of the rotator 

cuff. Australasian journal of ultrasound in medicine. 

2 0 1 0 ; 1 3 ( 2 ) : 1 1 . d o i :  d o i :  1 0 . 1 0 0 2 / j . 2 2 0 5 -

0140.2010.tb00151.x

Park J, Chai JW, Kim DH, Cha SW. Dynamic 

ultrasonography of the shoulder. Ultrasonography. 

2018;37(3):190. doi: 10.14366/usg.17055

Vincent K. Dynamic ultrasound in the diagnosis of 

antero-superior impingement of the shoulder: A 

literature review. International Musculoskeletal 

M e d i c i n e .  2 0 1 3 ; 3 5 ( 4 ) : 1 4 1 - 5 0 . 

doi.org/10.1179/1753614613Z.00000000058

Klibanov AL, Hossack JA. Ultrasound in radiology: 

from anatomic, functional, molecular imaging to drug 

delivery and image-guided therapy. Investigative 

r a d i o l o g y .  2 0 1 5 ; 5 0 ( 9 ) : 6 5 7 .  d o i : 

10.1097/RLI.0000000000000188. 

MacDonald PB, Clark P, Sutherland K. An analysis of 

the diagnostic accuracy of the Hawkins and Neer 

subacromial impingement signs. Journal of shoulder 

and elbow surger y.  2000;9(4):299-301.  doi: 

10.1067/mse.2000.106918. 

El IE-HAF, El Azizy HM, Gadalla AAEFH. Role of 

dynamic ultrasound versus MRI in diagnosis and 

assessment of shoulder impingement syndrome. 

Egyptian Journal of Radiology and Nuclear Medicine. 

while comparing with the MRI �ndings. It was observed that 

SIS could be caused by a myriad of pathological conditions 

including, osteoarthritis, rotator-cuff tendinosis, calci�c 

tendinitis, and Partial-thickness tear, etc. The sensitivity 

and speci�city of sonography 94.74% and 100% 

re s p e c t i ve l y  i n  t h e  d i a g n o s i s  of  S I S  c a u s e d  by 

osteoarthritis. But the sensitivity and speci�city of 

sonography in the diagnosis of SIS caused by tendinosis 

were 83.33%, and 100% respectively. While the sensitivity 

and speci�city of sonography in the diagnosis of SIS due to 

calci�c tendinitis were 100% and 100% respectively. And 

the sensitivity and speci�city of sonography in the 

diagnosis of SIS due to Partial-thickness tear were 98.22% 

and 100% respectively [14]. Similarly in the current study 

the speci�city of sonography is too high as compared to 

sensitivity. The positive and negative predictive values of 

the techniques in the current study are 100% and 97.12% 

respectively, while its overall reliability is 98.45%. In the 

study mentioned above; while comparing the value of 

dynamic sonography in the assessment of SIS while 

comparing with the MRI �ndings. The positive and negative 

predictive values and accuracy of sonography in the 

diagnosis of SIS due to osteoarthritis were 100%, 94.74%, 

and 97.30% respectively. But the positive and negative 

predictive values and accuracy of sonography in the 

diagnosis of SIS due to rotator cuff tendinosis were 100%, 

83.33, and 93.35% respectively. While the positive and 

negative predictive values and accuracy of sonography in 

the diagnosis of SIS due to calci�c tendinitis were100%, 

85.71, and 99.05% respectively. And the positive and 

negative predictive values and accuracy of sonography in 

the diagnosis of SIS due to Partial-thickness tear were 

98.22% and 100% respectively. Similarly, the positive 

predictive value is too high, almost near to 100% as 

compared to the negative predictive value, in the current 

study [14]. 

C O N C L U S I O N S

Sonographically measurable acromion to greater 

tuberosity distance in abduction is a more accurate, 

reliable, and objective technique for the diagnosis of 

shoulder impingement syndrome.
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