
Ultrasound and Magnetic Resonance Imaging
Diagnosis for Rotator Cuff Tears: Does Acromial
Morphology Affect the Results?

Diagnóstico de roturas del manguito rotador por
ecografía y resonancia magnética: ¿La morfología
acromial influye en los resultados?
Patricio Meleán1,2 Walter Rojas1 Mauricio Agloni3 Guillermo Droppelmann4

1Department of Traumatology and Orthopedics, Shoulder Team,
Clínica MEDS, Santiago, Chile

2Department of Traumatology and Orthopedics, Shoulder and Elbow
Surgery Transversal Coordinator, Red Salud, Chile

3Traumatology Unit, Shoulder and Elbow Team, Hospital la Florida,
Santiago, Chile

4Academic Unit, Clínica MEDS, Santiago, Chile

Rev Chil Ortop Traumatol 2022;63(2):e77–e82.

Address for correspondence Patricio Meleán, Department of
Traumatology and Orthopedics, Shoulder Team, Clinica MEDS, Av.
Jose Alcalde Delano 10581, Lo Barnechea, Santiago, Chile 7691236
(e-mail: patricio.melean@gmail.com).

Keywords

► rotator cuff
► ultrasound
► magnetic resonance

imaging
► acromial index
► critical shoulder angle

Abstract Introduction Currently, there are no studies that evaluate the agreement between
ultrasound (US) and magnetic resonance imaging (MRI) scans in rotator cuff (RC) tears
by the observation of parameters such as the acromial index (AI) and critical shoulder
angle (CSA). We hypothesize that the greater coverage of the footprint by increased AI
or CSA could affect the proper visualization of the RC in US scans by its interposition
between the tendinous complex and the US transducer.
Objective To estimate the agreement between US and MRI in the diagnosis of
patients with RC tears confirmed by arthroscopy and with AI and CSA greater than the
normal average values (0.7 and 35° respectively). The secondary objective is to
determine if the diagnostic agreement is comparable regarding different types of
tear (partial and complete).
Materials and Methods A retrospective study of a consecutive case series of 100
patients with partial or complete RC tears confirmed by arthroscopy.
Results The mean age of the study group was of 55.7� 10.5 years. The mean AI was
of 0.77�0.08, and the mean CSA was of 37.42°� 5.88°. The agreement regarding the
US, the MRI and the AI was>0.7 of 56.7% (K¼0.27; p¼ 0.01); and<0.7 of 35.7%
(K¼ 0.01; p¼ 0.46) respectively. And the agreement regarding the US, the MRI and the
CSA was>35° of 61.5% (K¼0.32; p¼ 0.001); and<35° of 33.3% (K¼ -0.00; p¼0.52)
respectively.
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Introduction

Rotator cuff (RC) conditions are the most commonly ob-
served by shoulder surgery subspecialists working in outpa-
tient care.1–4

The initial diagnosis relies on two pillars: the clinical
picture and imaging exams. The main imaging techniques
are anteroposterior (AP) radiographs of the shoulder and
axial subacromial radiographs. These images enable the
analysis of the morphology of the acromion and its influence
on the RC condition. They also provide several data on the
subacromial space and determine the type of acromion. In
addition, radiographs enable the determination of the acro-
mial index (AI, the lateral coverage of the proximal humerus
footprint by the acromion) and the critical shoulder angle
(CSA, the more lateral angulation of the acromion).1,2

The second most requested test is shoulder ultrasound
(US), which can detect RC tears with adequate specificity and
sensitivity. In addition, it is a dynamic examination that may
enable the real-time observation of anterior RC impingement
by the acromion.1,3

Magnetic resonance imaging (MRI) substantially changed
the diagnosis of RC tears. Its diagnostic sensitivity ranges
from 80% to 97% for full-thickness RC tears and from 67% to

89% for partial RC tears, rates higher than those traditionally
associated with US.1

Some studies5–7 indicate that US has 80.8% of sensitiv-
ity and 100% of specificity to detect complete and partial
RC tears. When removing partial tears, the sensitivity
rises to 94.7%, whereas the specificity remains the
same: 100%.8

Likewise, Cochrane reviews9 indicate that US has 91% of
sensitivity and 85% of specificity in the detection of RC tears.
Magnetic resonance imaging presents 98% of sensitivity and
79% of specificity. These figures show that US and MRI have
similar sensitivity and specificity in the identification of RC
tears (p¼0.13). However, their sensitivity to detect partial
tears is lower, especially for US.

No current study determines the level of agreement
between imaging techniques (US and MR) while considering
acromial morphology and parameters such as the AI and the
CSA provided by radiographs.

These measurements conceptually indicate a higher cov-
erage of the supraspinatus and infraspinatus footprint re-
gardless of glenoid inclination. Therefore, a higher footprint
coverage resulting from an increased AI or CSA could hinder
RC visualization on US because of the interposition of the
tendinous complex and the US transducer.

Conclusion The diagnostic agreement of the US compared with the MRI, in patients
with RC tears confirmed by arthroscopy and with AI and CSA greater than the normal
average values was fair. The diagnostic agreement of the US compared with the MRI, in
patients with AI and CSA lower than the normal average values was poor. The
diagnostic performance of the IS and MRI was similar for partial and complete tears.

Resumen Introducción Actualmente no existen estudios que evalúen la concordancia entre la
ecografía (ECO) y la resonancia magnética (RM) observando parámetros como el índice
acromial (IA) y el ángulo crítico (AC) para roturas del manguito rotador (MR). Se
considera que la mayor cobertura de la huella por un IA o AC incrementados podría
afectar la adecuada visualización del MR en estudios de ECO al interponerse entre el
complejo tendíneo y el transductor ecográfico.
Objetivo Estimar la concordancia de la ECO y la RM en el diagnóstico de pacientes con
roturas del MR confirmadas por artroscopia con IA y AC mayores al promedio normal
(0.7 y 35°, respectivamente). Secundariamente, determinar si la concordancia diag-
nóstica es comparable entre tipos de rotura (espesor completo o parciales).
Materiales y Métodos Estudio retrospectivo de una serie consecutiva de 100
pacientes con roturas totales o parciales del MR confirmadas por artroscopia.
Resultados La edadmedia del grupo de estudio fue de 55,7� 10,5 años. La media del
IA fue de 0,77�0,08, y la del AC, de 37,42°�5,88°. La concordancia entre la ECO y la
RM y el IA fue>0,7 de 56,7% (K¼ 0,27; p¼0,01); y<0,7 de 35,7% (K¼0,01; p¼0,46),
respectivamente. Y la concordancia entre la ECO y la RM y el AC fue>35° de 61,5%
(K¼ 0,32; p¼0,001); y<35° de 33,3% (K¼ -0,00; p¼ 0,52), respectivamente.
Conclusión La concordancia diagnóstica de la ECO comparada con la de la RM, en
pacientes con roturas del MR confirmada por artroscopia y con IA y AC mayores al
promedio normal, fue justa. La concordancia diagnóstica de la ECO comparada con la
RM, en pacientes con IA y AC menores al promedio normal, fue pobre. La capacidad
diagnóstica fue similar entre la ECO y la RM para roturas parciales y totales.
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To date, no study has analyzed the diagnostic agreement
between US and MRI in arthroscopy-confirmed RC tears in
patients with AI or CSA higher or lower than the average
values reported in the literature.

Objectives

The present study aims to estimate the agreement between US
andMRI in the the diagnosis of RC tears in patientswith injuries
confirmed by arthroscopy (gold-standard method) and AI and
CSA higher than average values (0.7 and 35° respectively).

A secondary objective is to determine if the diagnostic
agreement is comparable between type of tear (full-thick-
ness tear, partial-thickness bursal-sided tear, and partial-
thickness articular-sided tear).

Hypothesis

The agreement between US and MRI in the diagnosis of RC
tears is similar in patients with arthroscopy-confirmed
injuries with or without increased AI or CSA.

The diagnostic performance is better for partial RC bursal-
sided tears in patients with AI or CSA lower than 0.7 and 35°
respectively.

Material and Methods

We conducted a retrospective study of a consecutive series of
patients with RC conditions (total or partial tears) confirmed
by arthroscopy (gold-standard method) and presenting
radiographs, US, andMRI scans of the same affected shoulder
obtained within 6 months.

For the calculation of the sample size, we used the two-
sample t-test with the mean and standard deviation values
reported in the literature on RC tears diagnosed by US and
MRI.1,10–12

Statistical significance was set at 0.05, with 80% of power
and a two-tailed hypothesis test. Each subgroup had 50
subjects, totaling 100 participants.

We used an imaging database (IMPAX, Agfa Healthcare,
Mortsel, Belgium) to analyze US and MRI scans, and radio-
graphs from patients with arthroscopy-confirmed RC tears
diagnosed from January 2013 to January 2019.

Inclusion Criteria

1. Arthroscopically-treated RC tears (supraspinatus/
infraspinatus) with true AP radiographs, and US and
MRI scans obtained within six months.

Exclusion Criteria

1. Incomplete imaging.
2. Previous history of open or arthroscopic surgery.
3. Functional sequelae or previous traumatic injuries at the

region of the ipsilateral shoulder girdle (sternoclavicular
dislocations, clavicle fractures, previous acromioclavicu-
lar dislocation, scapular or proximal humerus fractures
and dislocations).

4. Intrasubstance RC tears.
5. Shoulder stiffness (preventing proper evaluation using

US).

Radiological Analysis
We analyzed digital images from the Picture Archiving and
Communication System (PACS):

(a) The AI according to Nyffeler et al.:13 an a true AP radio-
graph, draw a first line connecting the superior and
inferior bony margins of the glenoid fossa, representing
the articular surface plane. The second and third parallel
lines follow the lateral border of the acromion and the
most lateral border of the proximal humerus. Measure
the distance between the glenoid fossa and the acromion
(GA) and from the glenoid fossa to themost lateral border
of the proximal humerus (GH). The ratio between these
two measurements is the AI (►Figure 1)

(b) The CSA: on a true AP radiograph, evaluate the angle
formed bya cephalic-to-caudal line parallel to the glenoid
fossa and a line connecting the inferior and lateral points
of the acromion (►Figure 1).

Statistical Analysis
Pearson tests correlated the AI and CSA findings in healthy
RCs and full-thickness, partial bursal-sided, and partial
articular-sided RC tears documented by US and MRI.
Mann-Whitney tests assessed the AI and CSA values.

The Cohen kappa coefficient determined the agreement
between the diagnoses of no tear, partial tear, and full-
thickness tear assessed by MRI and US.

Fig. 1 Acromial index (AI) and critical shoulder angle (CSA) meas-
urements. Abbreviations: GA, distance between the glenoid fossa and
the acromion; GH, distance between the glenoid fossa and the most
lateral border of the proximal humerus.
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Ethical Approval
The Scientific Ethics Committee for Adult Subjects of the
Servicio de Salud Metropolitano Oriente of Santiago, Chile,
evaluated and approved this protocol before its
implementation.

Results

Themean age of the studygroupwas of 55.7�10.5 years. The
mean values for the AI and CSA were of 0.77�0.08 and
37.42�5.88 respectively. In total, 64.7% of the subjects were
male. It is noteworthy that there was a statistically signifi-
cant difference between patients’ age and RC tears
(p¼0.006).

We evaluated the agreement regarding the diagnoses of
no rupture, partial rupture, and total rupture perMRI and US
when the AI was higher than 0.7. The agreement rate was of
56.67%, with a kappa coefficient of 0.27 (p¼0.01). These
figures indicate a fair agreement per the Landis and Koch’s14

interpretation.
Next, we evaluated the agreement regarding no rupture,

partial rupture, and total rupture on MRI and US using the
Cohen kappa coefficient when the CSA was higher than 35°.
With a kappa coefficient of 0.32, the agreement rate was of
61.54% (p¼0.001), considered fair according to the Landis
and Koch’s interpretation.

Similarly, we evaluated the agreement regarding no rup-
ture, partial rupture, and total rupture on MRI and US using
the Cohen kappa coefficient when the AI was lower than 0.7.
The agreement ratewas of 35.71%, with a kappa coefficient of
0.01 (p¼0.46). According to Landis and Koch,14 these figures
indicate a poor agreement.

In addition, we assessed the agreement regarding no
rupture, partial rupture, and total rupture on MRI and US
using the Cohen kappa coefficient when the CSA was lower
than 35°. The agreement rate was of 33.33%, with a kappa
coefficient of -0.00 (p¼0.52), which is deemed poor accord-
ing to Landis and Koch.

We also determined the agreement regarding no rupture,
partial rupture, and total rupture on MRI and US using the
Cohen kappa coefficient when the AI was higher than 0.7 and
the CSA was higher than 35°. The agreement rate was of
60.87%, with a kappa coefficient of 0.30 (p¼0.02), consid-
ered fair according to the Landis and Koch’s14 interpretation.

Lastly, we evaluated the agreement regarding no rupture,
partial rupture, and total rupture on MRI and US using the
Cohen kappa coefficient when the AI was lower than 0.7 and
the CSA was lower than 35°. The agreement rate was of
27.27%,with a kappa coefficient of -0.15 (p¼0.79). According
to the Landis and Koch’s14 interpretation, these figures
represent a poor agreement.

►Figures 2, 3, and 4 summarize these findings.

Discussion

The literature still debates,1–4,10,15–18 and there is no con-
sensus on the causes of RC tears.

Fig. 2 Agreement between ultrasound (US) and magnetic resonance
imaging (MRI) in cases with acromial index (AI) higher or lower than
0.7. Abbreviations: K, Kappa value; p, statistical difference. Concor-
dancia ECO/RM¼Agreement US/MRI IA¼ AI

Fig. 3 Agreement between ultrasound (US) and magnetic resonance
imaging (MRI) in cases with critical shoulder angle (CSA) higher or
lower than 35°. Abbreviations: K, Kappa value; p, statistical difference.
Concordancia ECO/RM¼Agreement US/MRI AC¼CSA

Fig. 4 Agreement between ultrasound (US) and magnetic resonance
imaging (MRI) in cases with acromial index (AI) and critical shoulder
angle (CSA) higher or lower than 0.7 and 35° respectively. Abbrevia-
tions: K, Kappa value; p, statistical difference. Concordancia
ECO/RM¼Agreement US/MRI IA y AC¼ AI and CSA> 0,7 y> 35°¼>

0.7 and> 35°< 0,7 y< 35°¼< 0.7 and< 35°
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Some authors18–20 have comprehensibly discussed the
interference of intrinsic factors; this RC damage theory states
that tendon degeneration in older patients is the primary
cause of the rupture.

Other authors11,12,21 favor an extrinsic theory for RC
injury, in which RC tendons are chronically damaged by
subacromial impingement, mainly in the anterior and lateral
areas of the acromion.

Neer22 stated that chronic impingement below the acro-
mion causes 95% of RC tears. Classically, many authors13,23

have investigated the acromial morphology and its influence
on RC tears, analyzing the shape of the acromion, the anterior
tilt, the lateral acromial angle, and the lateral coverage of the
acromion over the humeral head.

Nyffeler et al.13 compared 105 patients with full-thickness
RC tears, 47age-matchedpatientswith shoulderosteoarthritis
and intact RC, and 70 age-matched volunteers with intact RCs
(determined by US). They13 detected significant differences in
the lateral AI in patientswith RC tears versus the control group
and reported the increased AI as a cause of RC tears.

Zumsteinet al.24 studied a cohort of patientsundergoingRC
repair and found a higher AI in patients with recurring
ruptures. These authors24 evidenced that a lateral acromial
extension can be a risk factor for RC tears and retears, mainly
due to the deltoid function secondary to an upward vector
force on the humeral head. This force would pinch the acro-
mion, causing chronic degenerative damage and RC tear.25,26

Moor et al.27 introduced the concept of CSA in 2013. In
their casuistry, the association between angles higher than
35° and RC tears was more frequent.

To analyze the diagnostic ability of US in RC tears, Teefey
et al.28 conducted a prospective studyof 71 consecutive cases
comparing US, MRI, and arthroscopy (gold-standard meth-
od). They documented that US and MRI have comparable
diagnostic ability to identify and measure partial-thickness
and full-thickness RC tears.

Wehypothesized that thehigher footprint coverage due to
an increased AI or CSA could hinder RC visualization on US
due to the interposition of the tendinous complex and the US
transducer.

Our findings demonstrated the opposite. Increased AI and
CSA alone presented a fair agreement on US and MRI; when
both parameters were higher in the same subject, the
agreement remained fair.

We concluded that lower AI and CSA, either alone or
combined, resulted in poor agreement in all points
evaluated.

The reason for our findings remains unknown. It is
probably secondary to an inadequate US evaluation of the
medialized lateral acromial edge or an altered geometry that
reduced the technical quality of the assessment of the region
of the footprint.

The weaknesses of our study include the retrospective
data collection and the fact that the AI and CSA were
measured in radiographs taken by three different evaluators.
There was no previous intra- or interobserver analysis,
which may ahve affected the results described. We did not

analyze shoulder mobility at the time of US, so the acromial
deprojection may not have been optimal to adequately
visualize the RC tendon.

Further studies are required to evaluate these parameters
to validate our findings and better understand the descrip-
tions previously made.

Conclusion

The diagnostic agreement between US and MRI in patients
with arthroscopy-confirmed RC tears and AI and CSA higher-
than-average was fair. The diagnostic agreement between US
andMRI in patients with arthroscopy-confirmed RC tears and
lower-than-averageAIandCSAwaspoor. Thediagnostic ability
of the MRI and US was similar for partial and total tears.
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