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ABSTRACT

Objective: This study aimed to determine the effect of reduced acromiohumeral distance (AHD) and increased acromial thickness (AT)
on the risk of rotator cuff tear (RCT).

Methods: Patients aged 25-70 were included in this retrospective study. Patients who were operated on for RCT between January 2019
and December 2021 were included in group 1, and patients who applied to the outpatient clinic in the same period with a complaint of
shoulder pain and no problem on magnetic resonance imaging (MRI) were included in group 2. Three researchers performed AHD and
AT measurements on the same true anteroposterior (AP) shoulder radiographs. The second measurement was performed 1 month later
when, the first measurements were completed.

Results: Radiographs of 284 patients in group 1 and 234 patients in group 2 were evaluated. In group 1, the mean AHD measurement was
8.25 + 1.73 mm, and the AT measurement was 8.58 + 1.06 mm. In group 2, the mean AHD measurement was 10.25 + 1.4 mm, and the AT
measurement was 8.35 + 0.92 mm. A significant relationship was determined between the RCT and the AHD (P < .001). Also, RCT and AT
have a significant relationship (P < .001). The authors determined that the risk of RCT increased 3.45 times when patients with AHD 6-10
mm were compared with patients with AHD >10 mm. In addition, all patients with AHD < 6mm had RCT, and the risk of RCT increased

1.42 times when patients with AT > 8 mm were compared with patients with AT < 8 mm.

Conclusion: Acromiohumeral distance and AT measurements are practical, inexpensive, and valuable in evaluating RCT. Decreased AHD

and increased AT increase the risk of RCT.

Level of Evidence: Level 111, Diagnostic Study.

Introduction

Rotator cuff tears (RCT) are common shoulder pathol-
ogies accompanied by pain and shoulder dysfunction,
which increases with older age. The prevalence of
RCT ranges from 5% to 40% and increases with age.'®
RCT is diagnosed by story, physical examination, and
radiological imaging techniques. The most common
rotator cuff tear is the supraspinatus tendon tear, and
subscapularis tears increase with age.®

In the literature, there are many studies evaluating the
relationship between morphological features of acro-
mion and RCT.*® Oh et al determined that the thicker
acromion was related to the RCT, and the average
acromion thickness was 8 mm.® Computed tomog-
raphy (CT), magnetic resonance imaging (MRI), and
radiography can be used to measure acromial thick-
ness (AT).

The acromiohumeral distance (AHD) is defined as the
shortest distance between the inferior cortex of the
acromion and the top of the humeral head on a true
anterior-posterior (AP) radiograph (Grashey view).'
If the rotator cuff is intact, the mean AHD is 10 mm
(7-14 mm)."*> AHD is measured on radiographs with
the patient sitting or standing.'® Presence of RCT is

associated with smaller AHD.>** Goutallier et al deter-
mined AHD <6 mm as the cutoff for the diagnosis
of a full-thickness RCT on a radiograph.'* Hufeland
et al showed that AHD is smaller on MRI compared
to radiography in patients with intact rotator cuff.’
Therefore, the authors decided to use radiographs for
measurements.

There are many studies in the literature evaluating
the relationship between AHD, AT, and RCT. Cutoff
values for AHD and AT were determined for patients
with RCT. The aim of the study is to evaluate the
effect of decreased AHD and increased AT on RCT
and to determine the risk coefficient for RCT.

Materials and methods

This research has been approved by the Institutional
Review Board of Ankara Bilkent City Hospital
(Approval number: E1-22-2376, Date: February 23,
2022). All the researchers who participated in the
study signed the most recent version of the Helsinki
Declaration. Written informed consent was obtained
from the patients who agreed to take part in the study.

This retrospective study included patients aged 25-70
who were operated on for RCT between January 2019
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and December 2021 and patients who applied to the outpatient clinic
in the same period with a complaint of shoulder pain and did not
have any problems on MRI. Any patients with shoulder instability,
rotator cuff arthropathy, rheumatoid arthritis, plexus pathology, a
history of shoulder surgery except RCT surgery, glenoid or humerus
fracture, bilateral shoulder complaints, and those who could not be
evaluated for technical reasons were excluded from the study.

Patients who underwent RCT were included in group 1. The patients
who applied to the outpatient clinic and had no problem with shoul-
der MRIs were included in group 2. All the patients' MRIs and radi-
ographies were performed in our hospital. Group 1 included 302
patients. However, 18 patients who could not be evaluated for techni-
cal reasons and whose data could not be accessed from the hospital
registry system were excluded from the study. And 247 patients were
included in group 2. But 13 patients who could not be evaluated for
technical reasons and whose data could not be accessed from the
hospital registry system were excluded from the study.

The age, gender, and shoulder side of the patients were obtained
from the hospital registry system. The Picture Archiving and
Communication Systems (PACS) was used for AT, AHD, and AHD/
AT ratio measurements, and measurements were performed on the
same true AP shoulder radiographs by three different researchers.
The second measurement was performed 1 month later, after the first
measurement was completed.

Acromial thickness

The sclerotic line on the lower edge of the acromion was drawn on
the true AP shoulder radiograph, and a line parallel to the sclerotic
line was drawn by determining the highest point of the acromion.
The distance between these 2 lines was accepted as the AT (Figure 1).

Acromiohumeral distance

The AHD was measured using the method described by Werner
et al."” The sclerotic line on the inferior surface of the acromion was
drawn on the true AP shoulder radiograph, and a line parallel to
the sclerotic line was drawn by determining the highest point of the
humeral head. The distance between these 2 lines was accepted as
the AHD (Figure 2).

Statistical analysis

Statistical analyses of the data were performed using Statistical
Package for the Social Sciences Statistics software, version 22.0
(IBM SPSS Corp.; Armonk, NY, USA). In the analysis of normal-
ity, parametric test procedures were applied after the values of “AT
and AHD” showed normal distribution in the Shapiro-Wilk test. In
this context, an independent two sample t-test and Pearson corre-
lation analysis were used to determine the relationships between

HIGHLIGHTS

Rotator cuff tears (RCT) are common shoulder pathologies and are known to
be related to a smaller acromiohumeral distance (AHD) and increased acro-
mion thickness (AT) morphology. This study aimed to evaluate the effect of
decreased AHD and increased AT on RCT.

The results showed that RCT is more common in patients with higher AT.
Moreover, the risk of RCT increased 3.45 times when patients with AHD
6-10 mm were compared with patients with AHD > 10 mm. In addition,
almost all of the patients with AHD < 6 mm have RCT.

The results indicate that AHD and AT measurements are practical, inexpen-
sive, and valuable in the evaluation of RCT.

Figure 1. Measurement of acromial thickness

parameters. Intra- and interobserver reliability was evaluated
with the intraclass correlation coefficient test. Receiver Operating
Characteristic (ROC) analysis was used to determine the cutoff val-
ues. The effect of the measurements on the distinction between
with and without RCT was evaluated with binary logistic regres-
sion analysis.

The results were evaluated within the 95% confidence interval, and
the P < .05 value was considered significant.

Results

Radiographs of 284 patients (96 male, 188 female) in group 1 and
radiographs of 234 patients (117 male, 117 female) in group 2 were
evaluated. The mean age of group 1 was 58.28 + 10.12, and the mean
age of group 2 was 44.04 + 16.01 (Table 1). In group 1, the mean AHD
measurement was 8.25 + 1.73 mm, and the AT measurement was

Figure 2. Measurement of acromiohumeral distance.
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Table 1. Demographic characteristics of patients

Group 1 Group 2 I4
Age 58.28 + 10.12 44.04 + 16.01 <.001*
Gender Male 96 117 <.001*
Female 188 117
Side Left 70 117 <.001*
Right 214 117

*The P < .05 value was considered significant.

8.58 + 1.06 mm. In group 2, the mean AHD measurement was 10.25
+ 1.4 mm, and the AT measurement was 8.35 + 0.92 mm (Table 2).

Intraclass correlation coefficient test was performed for intraob-
server and interobserver reliability. An excellent or good agreement
was determined in all measurements at 95% CI (Table 3).

There was no significant relationship between age and AHD and
AT measurements (P > .005). In the independent samples t-test, for
groups 1 and 2, a significant difference was determined between AT
and gender (P <.001 and P < .001, respectively). Acromion thickness
is greater in males.

Group 1 had a greater acromion thickness than group 2. A significant
relationship was detected between the RCT and AT (P < .001). In
many studies in the literature, the average AT thickness is evaluated
of 8 mm. Therefore, we accepted our cutoff value as 8 mm. We deter-
mined that the risk of RCT increased 1.42 times when patients with
AT > 8 mm were compared with patients with AT < 8 mm. In group
1, AHD was smaller than in group 2. A significant relationship was
determined between the RCT and the AHD (P < .001).

In binary logistic regression analysis, we determined that the risk of
RCT increased 3.45 times when patients with AHD 6-10 mm were
compared with patients with AHD > 10 mm (P < .001). All patients
with AHD < 6 mm had RCT.

Discussion

The most important finding of this study is that AHD and AT are
valuable parameters in determining the risk of RCT. We determined
that the risk of RCT increased 3.45 times when patients with AHD
6-10 mm were compared with patients with AHD > 10 mm. In addi-
tion, all patients with AHD < 6 mm had RCT. And the risk of RCT
increased 1.42 times when patients with AT > 8 mm were compared
with patients with AT < 8 mm.

In the study of Gumina et al', it was reported that the mean AT was
8.5 mm and there was a significant difference between male and

Table 2. Comparison of acromiohumeral distance and acromial thickness
Measurements of Group 1 and Group 2

Group 1 Group 2 P
AHD Male 8.26 + 1.72mm  10.64 + 1.46 mm .030*
Female 8.24 + 1.73 mm 9.97 + 1.22 mm .007*
Total 8.25 + 1.72 mm 10.25 + 1.4 mm .001*
AT Male 9.01 + 0.97 mm 8.76 + 1.02 mm 770
Female 8.35 + 1.04 mm 7.95 £ 0.58 mm <.001*
Total 8.58 = 1.06 mm 8.35 + 0.92 mm .011*

AHD, acromiohumeral distance; AT, acromial thickness.
*P < .05 value was considered significant.

female for AT. In the current study, the mean AT value was 8.58 mm
in group 1 and 8.35 mm in group 2. And a significant difference was
determined between female and male AT, like in Gumina’s study. A
statistically significant relationship was determined between RCT and
AT. RCT has been observed to be more common in patients with high
AT. In many studies in the literature, the average AT thickness is eval-
uated as 8 mm. The risk of RCT increased 1.42 times when patients
with AT > 8 mm were compared with patients with AT < 8 mm.

In most of the studies, AHD measurements were performed on radi-
ography and MRI. In a supine position, lack of muscle activity, grav-
ity, and arm weight can affect the measurement of AHD. In an MRI,
the patient is in the supine position, the gravity effect of the arm
is neutralized, and the scapula is not in the physiological position.
In the study of Mirzayan et al'’, the MRI AHD of patients with cuff
arthropathy was smaller than on radiography. Hufeland et al'® deter-
mined that AHD is a mean of 1.2 mm smaller on MRI compared to
radiography in patients with intact rotator cuffs. Saupe et al*® deter-
mined that in the AHD measurements performed on radiography and
MRI in patients with RCT, the measurements made on MRI were 2.8
mm smaller than the radiographs. Therefore, in the current study,
radiography was preferred for measurements.

The relationship between AHD and RCT has been described in many
studies in the literature. First, Weiner et al'* described AHD and its
relationship with RCT. Werner et al determined that RCT would be
present if AHD < 6 mm on radiography.’® Reduced AHD is classically
associated with superior migration of the humeral head induced by
tearing of the infraspinatus. The infraspinatus muscle is the main
muscle involved in lowering the humeral head. AHD < 6 mm indi-
cates at least a longstanding total full-thickness infraspinatus tear.'
In the current study, all patients with AHD < 6 mm had RCT. When
patients with AHD 6-10 mm were compared with those with AHD >
10 mm, it was found that the risk of RCT increased 3.45 times. We
could not find any other study in the literature showing a risk coef-
ficient for patients with AHD 6-10 mm.

Table 3. Inter- and intra-observer agreements

Intraobserver Agreement

AHD Measurements

AT Measurements

Intraclass Correlation

Lower Bound

First researchers 0.901 0.883
Second researchers 0.875 0.842
Third researchers 0.886 0.865

Interobserver Agreement

Intraclass Correlation

0.990
0.978

AHD measurements

AT measurements

95% CI

Intraclass Correlation 95% CI
Upper Bound Lower Bound Upper Bound
0.917 0.841 0.781 0.885
0.903 0.817 0.772 0.854
0.904 0.834 0.787 0.871
95% CI
Lower Bound Upper Bound
0.987 0.992
0.973 0.981

AHD, acromiohumeral distance; AT, acromial thickness
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The study has some limitations. Firstly, the study had a retrospec-
tive design. Secondly, group 1 is not homogeneously distributed. The
fact that there is no other study in the literature indicating the risk
coefficient for AHD and AT in patients with RCT makes our study
valuable. The AHD/AT ratio can be used as a new variable in the
evaluation of RCT. However, further studies and biomechanical stud-
ies are needed.

In conclusion, AHD and AT measurements are practical, inexpen-
sive, and valuable in the evaluation of RCT. The risk of RCT increased
3.45 times when patients with AHD 6-10 mm were compared with
patients with AHD > 10 mm. In addition, almost all of the patients
with AHD < 6 mm have RCT. The risk of RCT increased 1.42 times
when patients with AT > 8 mm were compared with patients with
AT < 8 mm.
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