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Posterior Acromial Morphology Is Significantly
Associated with Posterior Shoulder Instability

Dominik C. Meyer, MD,* Lukas Ernstbrunner, MD,* Glenn Boyce, MD, Mohamed A. Imam, MD,
Rany El Nashar, MD, and Christian Gerber, MD

Investigation performed at the Division of Shoulder and Elbow Surgery, Department of Orthopaedics, Balgrist University Hospital,
University of Zurich, Switzerland

Background: The purpose of this paper was to determine whether acromial morphology influences anteroposterior
shoulder stability. We hypothesized that a more horizontal and higher position of the acromion in the sagittal plane would
be associated with posterior instability.

Methods: In this retrospective study, patients with unidirectional posterior instability were age and sex-matched to a
cohort of patients with unidirectional anterior instability. Both cohorts were compared with a control group of patients with
no instability and no degenerative glenohumeral (rotator cuff and/or joint surface) or acromial changes. Measurements on
radiographs included posterior acromial tilt, anterior and posterior acromial coverage (AAC and PAC), posterior acromial
height (PAH), and the critical shoulder angle (CSA).

Results: The number of patients enrolled in each instability group was 41, based on a priori power analysis. The control
group consisted of 53 shoulders. Of the measured anatomic factors, PAH showed the most significant association with
posterior instability (odds ratio [OR] = 1.8; p < 0.001) in the logistic regression model. PAH was significantly greater in the
posterior instability group compared with the anterior instability group (30.9 versus 19.5 mm; p < 0.001). With a cutoff
value of PAH of 23 mm, the OR for posterior instability was 39. Shoulders with posterior instability were also significantly
different from normal shoulders with regard to PAH (p < 0.001), AAC (p < 0.001), and PAC (p < 0.001) whereas, in the
shoulders with anterior instability, all of these values except the AAC (p = 0.011) did not differ from those of normal
shoulders.

Conclusions: Specific acromial morphology is significantly associated with the direction of glenohumeral instability. In
shoulders with posterior instability, the acromion is situated higher and is oriented more horizontally in the sagittal plane
than in normal shoulders and those with anterior instability; this acromial position may provide less osseous restraint
against posterior humeral head translation. A steep “Swiss chalet roof-type” acromion virtually excluded recurrent pos-
terior instability in an albeit relatively small cohort of patients. Additional investigation is needed to determine the
relevance of these findings for future treatment.

Level of Evidence: Prognostic Level lll. See Instructions for Authors for a complete description of levels of evidence.

associated with increased glenoid retroversion and
dysplasia of the posteroinferior aspect of the glenoid
rim'”. Anterior glenohumeral instability has been found to be
associated not only with anterior glenoid bone loss** but also
with deficient depth of the glenoid concavity”®. The relation-
ship of acromial anatomy to glenohumeral stability has not

Recurrent posterior glenohumeral instability has been

been studied, to our knowledge. The only information on this
topic that we found in the literature was in the study by Sca-
pinelli’, who indirectly suggested that the posterior aspect of
the acromion could play a role in recurrent posterior shoulder
instability by proposing grafting of the posterolateral aspect of
the acromion to lend better mechanical support to the poste-
rior aspect.

*Dominik C. Meyer, MD, and Lukas Ernstbrunner, MD, contributed equally to this article.
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forms, which are provided with the online version of the article, one or more of the authors checked “yes” to indicate that the author had a relevant financial
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In addition to specific acromial anatomy in the coronal
plane in patients with osteoarthritis or a rotator cuff tear'""’, we
have observed that, in the sagittal plane, a relatively horizontally
oriented acromion that is situated very high with respect to the
center of the humeral head seems to be associated with recurrent
posterior glenohumeral instability. It was therefore the purpose
of this study to investigate whether stable and unstable shoulders
are associated with different acromial morphology in the sagittal
plane and to specifically test the hypothesis that recurrent pos-
terior instability is associated with a more horizontal and higher
position of the acromion in the sagittal plane than in stable
shoulders or those with recurrent anterior instability.

Materials and Methods
Study Population

fter the responsible investigational review board granted

approval for this retrospective study, we identified a con-
secutive series of 41 shoulders surgically treated for unidirectional,
recurrent posterior shoulder instability. This posterior instability
group was then case-matched by age (within 5 years) and sex to
41 patients with surgically treated unidirectional, recurrent
anterior instability. The instability was involuntary in all cases. A
positive physical examination for posterior instability was defined
as a positive jerk' and/or posterior apprehension test”. A positive
physical examination for anterior instability was defined as a
positive apprehension test and a positive hyperabduction test™.
Recurrence was defined as repeated episodes of instability asso-
ciated with positive physical findings for recurrent anterior or
posterior instability. Subluxation was defined as the subjective
sensation of the humerus slipping out of the joint followed by
spontaneous reduction”. Specific intraoperative findings con-
firmed unidirectional anterior or posterior instability.

Inclusion criteria were an age younger than 40 years,
availability of serial radiographs including anteroposterior and
true lateral (supraspinatus outlet or Neer””) views made under
fluoroscopic control as well as a computed tomography (CT)
scan of the shoulder, and symptomatic unidirectional insta-
bility. Patients were excluded (n = 17) if they had had previous
bone block procedures, chronic dislocation, glenoid fracture,
seizures, glenoid bone loss of >20% as measured with the Pico
method™*, an engaging Hill-Sachs lesion (as confirmed in-
traoperatively), glenoid dysplasia according to the Weishaupt
classification’®, glenoid retroversion of >15°%, multidirectional
instability according to the Gerber classification®, hyperlaxity
according to the Beighton criteria”, skeletal dysplasia, or a
connective-tissue disorder.

There were 25 male and 16 female patients in each of the
2 instability groups. The mean age was 27 years (range, 15 to 39
years) in the posterior instability group and 26 years (range, 14
to 39 years) in the anterior instability group. All patients had an
initial traumatic injury in the anterior instability group whereas
14 patients (34%) did in the posterior instability group.

In addition, 66 consecutive orthopaedic patients who were
treated for a pathological disorder not involving the shoulder
joint served as controls. All of these patients had asymptomatic
shoulders and no history of surgery or pathological involvement
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of the shoulder and all underwent ultrasound, performed by an
independent radiologist, on each shoulder to assess rotator cuff
integrity. Conventional radiographs were made to exclude any
degenerative changes in the glenohumeral joint or at the acro-
mion in the controls. As opposed to conventional radiogra-
phy and ultrasound examination, CT scanning had not been
approved by the institutional review board for these asymp-
tomatic shoulders. Thirteen patients with either signs of early
glenohumeral arthritis according to the criteria described by
Samilson and Prieto or partial or full-thickness tears of the
rotator cuff as diagnosed with ultrasound were excluded.
Therefore, the control group consisted of 53 shoulders of 53
patients (27 female) without instability or degenerative gleno-
humeral (rotator cuff and/or joint surface) or acromial changes.
The mean age of the control group was 65 years (range, 60 to
73 years). A distinctly higher age in a control group with stable
and asymptomatic shoulders was necessary to be certain to have
excluded patients with a late onset of instability.

Radiographic Evaluation

Two blinded observers (orthopaedic surgeons trained in shoul-
der surgery) performed all measurements on radiographs,
which were available and of suitable quality for all shoulders in

Posterior acromial tilt (°)

Fig. 1

Pgsterior acromial tilt is determined by measuring the angle formed by the
reference line (connecting the inferior angle of the scapula with the center
of the intersection of the small arms of the “Y”) and a line connecting the
most posterior point of the inferior aspect of the acromion to the most
anterior point of the inferior aspect (white area).
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all 3 groups. True lateral radiographs were determined to be
suitable if the coracoid process and scapular spine appeared as
symmetric upper limbs of a “Y” with the humeral head not
overlying the supraspinatus outlet region and the central beam
was in line with the supraspinatus fossa. All Y views had been
obtained under fluoroscopic control.

The posterior angle of the acromion was identified on the
conventional true lateral radiographs. A line connecting the
inferior angle of the scapula with the center of the intersection
of the small arms of the “Y” (the coracoid and scapular spine)
was defined as the reference line for each measurement on
the true lateral radiographs. The posterior slope (or posterior
acromial tilt) was measured as the angle between the reference
line and a line connecting the most posterior point of the
inferior aspect of the acromion (posterior intersection of the
inferior and superior sclerotic lines) to the most anterior point
of the inferior aspect of the acromion (anterior intersection of
the inferior and superior sclerotic lines) (Fig. 1). To measure
the relationship of the posterior acromial overhang to the
glenoid, anterior and posterior acromial coverage (AAC and
PAC) were determined by measuring the angle between the
reference line and a line drawn from the intersection of the
small arms of the “Y” to the most anterior point of the inferior
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aspect of the acromion (AAC) or a line drawn from the in-
tersection to the most posterior point of the inferior aspect of
the acromion (PAC), respectively (Figs. 2-A and 2-B). An AAC
anterior to the reference line was defined as a negative angle.
The relationship between the height of the posterior aspect of
the acromion and the glenoid was determined by drawing a
perpendicular line from the reference line to the most posterior
point of the inferior aspect of the acromion. The distance from
the center of the intersection of the small arms of the “Y” to this
perpendicular line was determined to be the posterior acromial
height (PAH) (Fig. 3). On anteroposterior views, the critical
shoulder angle (CSA) was measured as previously described by
MOOI’ et a1.12,14,15,17,29'

CT scans were available for all unstable shoulders but not
for the stable, normal shoulders. Some CT studies were avail-
able in an electronic format whereas others were printed
images not suitable for 3-dimensional (3-D) reconstruction.
Because spatial orientation of the scapula affects the results of
2-D measurements on CT°*", CT scans that cannot be 3-D-
reconstructed have not proven to yield substantially better
information than standardized lateral radiographs. Thus, in the
absence of CT studies for the control group and the lack of 3-D-
reconstructible CT scans for some of the unstable shoulders, we

Anterior acromial coverage (AAC, °)

Fig. 22A
Fig. 2-A The AAC refers to an angle formed by the reference line (connecting the inferior angle of the scapula with the center of the intersection of the small

Posterior acromial coverage (PAC, °)

arms of the “Y”) and a line drawn from the intersection of the small arms of the “Y” to the most anterior point of the inferior aspect of the acromion (blue

area). Fig. 2-B The PAC refers to an angle formed by the reference line (connecting the inferior angle of the scapula with the center of the intersection of the

small arms of the “Y”) and a line drawn from the intersection of the small arms of the “Y” to the most posterior point of the inferior aspect of the acromion

(red area).
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Posterior acromial height (PAH, mm)

Fig. 3

ch measure the PAH, a perpendicular line is drawn from the reference line
(connecting the inferior angle of the scapula with the center of the inter-
section of the small arms of the “Y”) to the most posterior point of the
inferior aspect of the acromion. The PAH (green bracket) is then measured
as the distance from the center of the intersection of the small arms of the
“Y” to the perpendicular line.

used the universally available true lateral radiographs made
with the highly standardized technique outlined above.

Statistical Methods
On the basis of previously published data concerning posterior
acromial tilt”, an a priori power analysis revealed that, for a

POSTERIOR ACROMIAL MORPHOLOGY IS SIGNIFICANTLY ASSOCIATED
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significance level of 0.05 (type-I error), a sample size of 41
patients in each instability group was sufficient to provide a
desired power of 80% to determine significant differences in
posterior acromial tilt.

The posterior and anterior instability groups were
matched according to their age (within 5 years) and sex (FUZZY
extension, SPSS Statistics, version 24; IBM). Means and standard
deviations of continuous variables were calculated. Data were
assessed for normality with the Shapiro-Wilk test. Normally
distributed data were compared using the paired t test (matched-
pair analysis of posterior versus anterior instability group) and
with the unpaired t test (comparison of the control group and
each instability group). Non-normally distributed data were
compared using the Wilcoxon signed rank test (matched pair
analysis of posterior versus anterior instability group) and with
the Mann-Whitney U-test (comparison of the control group and
each instability group). A logistic regression analysis was con-
ducted on all measured anatomic factors to determine the most
significant association with the outcome variable (direction of
instability). Odds ratios (ORs) are presented with 95% confi-
dence intervals (Cls). The goodness of fit of the binary logistic
regression models was assessed via the Hosmer-Lemeshow test.
Adjustments for possible confounders were not performed as
the instability groups were a priori age and sex-matched.
Receiver operating characteristic (ROC) curves were performed
to determine cutoff values for the measured anatomic factors
that most significantly influenced the regression model. Signif-
icance was set as p < 0.05, and all p values were 2-tailed.

Interobserver reliability was measured for posterior
acromial tilt, AAC, PAC, PAH, and CSA by means of the in-
traclass correlation coefficient (ICC) for absolute agreement,
with 1 indicating perfect reliability.

Results

Interobserver reliability was either excellent or very good for
posterior acromial tilt (r = 0.93; 95% CI = 0.87 t0 0.96), AAC

(r=10.89;95% CI = 0.81 t0 0.94), PAC (r = 0.86; 95% CI = 0.76

to 0.93), PAH (r = 0.87; 95% CI = 0.76 to 0.93), and CSA (r =

0.84; 95% CI = 0.70 to 0.91).

TABLE | Comparison of Posterior Acromial Morphology Between Posterior and Anterior Instability Groups*

Mean and Standard Deviation

Posterior Instability

Anterior Instability

Absolute Value

Variable (N =41) (N =41) of Difference ORTY (95% Cl) P Value¥
PAH (mm) 30.9+6.7 19.5 + 8.5 11.4 1.8 (1.2-2.7) <0.001
AAC (°) —-8.8+8.6 29+76 —-11.7 1.4 (1.1-1.9) <0.001
PAC (°) 48.8 +8.5 60.9 +11.6 —-12.1 1.1 (1.1-1.4) <0.001
Posterior acromial tilt (°) 63.6 £+ 9.8 55.8 + 8.0 7.8 1.1 (1.1-1.3) 0.001
CSA (°) 32.1+49 30.1+45 2.0 NS NS

*NS = not significant (p > 0.05). TThe ORs were calculated with logistic regression analysis. $The p values are based on the matched-pair analysis
with the paired t test (normal distribution) and the Wilcoxon signed rank test (non-normal distribution).
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ROC curve (blue line) to determine the cutoff value of PAH for discriminating
between posterior and anterior instability. The reference line is indicated in
green. The area under the curve was 0.875.

Posterior Versus Anterior Instability

Patients with posterior instability had a significantly greater
mean PAH compared with those with anterior instability (30.9
versus 19.5 mm; p < 0.001). Of the measured anatomic factors,
the PAH (OR =1.8;95% CI = 1.2 to 2.7; p < 0.001) showed the
most significant association with posterior instability in the
logistic regression model. Data on the other anatomic factors
are depicted in Table 1.

ROC curve analysis for the factor with the most signifi-
cant association (PAH) determined a cutoff value of 23 mm for
discriminating between posterior and anterior instability (Fig.
4). The area under the curve was 0.875 and the OR for devel-
oping posterior instability with a PAH of >23 mm was 39 (95%
CI =10 to 155; p < 0.001).

Posterior Instability Versus Control Group
Patients with posterior instability had a significantly greater
mean PAH (30.9 versus 20.4 mm; p < 0.001) and posterior
acromial tilt (63.6° versus 55.9°; p < 0.001) compared with
the control group. The mean AAC (—8.8° versus —1.5°)
and PAC (48.8° versus 61.6°) were significantly lower in the
posterior instability group (both comparisons p < 0.001)
than in the control group. The mean CSA did not differ
significantly between the groups (32.1° versus 33.3% p =
0.184).

In the logistic regression model, posterior instability showed
a significant association with PAH (OR = 1.2;95% CI = 1.1 to 1.4;
p < 0.001), AAC (OR = 1.1;95% CI = 1.1 to 1.2; p < 0.001), PAC
(OR =1.1;95% CI = 1.1 to 1.2; p < 0.001), and posterior acromial

POSTERIOR ACROMIAL MORPHOLOGY IS SIGNIFICANTLY ASSOCIATED
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tilt (OR = 1.1; 95% CI = 1.1 to 1.2; p < 0.001). The Hosmer-
Lemeshow test confirmed goodness of fit of the model (p = 0.593).

With a cutoff value of 23 mm for PAH, the OR for
developing posterior instability compared with the control
group was 32 (95% CI = 9 to 120; p < 0.001).

Anterior Instability Versus Control Group
Patients with anterior instability had a significantly greater mean
AAC (2.9° versus —1.5% p = 0.011) and lower CSA (30.1° versus
33.3% p < 0.001) compared with the control group. There were no
significant differences between the 2 groups regarding mean
posterior acromial tilt (55.8° versus 55.9% p = 0.729), PAC (60.9°
versus 61.6°% p = 0.336), or PAH (19.5 versus 20.4 mm; p = 0.594).
The logistic regression model showed a significant as-
sociation between anterior instability and the CSA (OR = 1.3;
95% CI=1.1to 1.4; p=0.001) and AAC (OR =1.2;95% CI =
1.1 to 1.3; p = 0.011). The Hosmer-Lemeshow test confirmed
goodness of fit of the model (p = 0.522).

Discussion

P revious reports have shown that glenoid version and mor-
phology are correlated with the presence or absence of

glenohumeral stability"”**.

This study demonstrates a significant association be-
tween instability and acromial anatomy, mostly in the sagittal
plane. The strongest predictive factor for posterior instability
among those that we studied was posterior acromial mor-
phology. The new information from this study is that a higher
and more horizontally oriented acromion is strongly associated
with recurrent posterior shoulder instability and that a steep
acromion (“Swiss chalet roof configuration”) virtually ex-
cluded shoulders from the posterior instability group, albeit in
a relatively small cohort of patients (Figs. 5-A and 5-B).

In our series, PAH showed the most significant associa-
tion with posterior instability and was the parameter that dif-
fered the most between the posterior and anterior instability
groups. The most distinguishing cutoff value for posterior
instability was a PAH of >23 mm, which resulted in an OR of 39
for posterior instability. The posterior acromial morphology of
the posterior instability group was also different from that of
the normal shoulders. Conversely, there was no difference in
posterior acromial morphology between the normal shoulders
and those with anterior instability. Biomechanical studies seem
warranted to explain these clinical findings.

In this study, all patients with anterior instability reported
a traumatic event causing the first dislocation whereas only 34%
(14) of the patients with posterior instability did. The fact that a
traumatic event is not necessary for the development of symp-
toms of posterior instability is compatible with a much more
important mechanical predisposition to posterior instability
than to anterior instability. It is conceivable that, if the osseous
restraints created by the posterior aspect of the acromion are
lacking, recurrent posterior instability starts relatively early in
life, without trauma or clinical symptoms, after which the pos-
terior capsular restraints soon become overloaded, resulting in
clinically apparent posterior instability. Gottschalk et al.' found
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Fig. 5-A
Fig. 5-A Typical radiograph of a patient with posterior instability (arrow), showing the high-riding and flat acromion (red line, “flat roof configuration”).
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Fig. 5-B

Fig. 5-B Typical radiograph of a patient with anterior instability, with posterior osseous coverage of the humeral head (red line, “Swiss chalet roof

configuration”) restricting posterior translation (arrow).

that patients with posterior instability had a significantly higher
rate of contralateral surgery for posterior instability than those
with anterior instability. This could be explained by a more
important role of anatomic factors if such factors were found in
these cases and if they could be shown to be generally bilateral.

Our study had both strengths and limitations. A strength
is that we included the required number of shoulders as indi-
cated by our a priori power analysis. Furthermore, we validated
our results by comparing them with those in patients without
any pathological involvement of the shoulder as confirmed by
clinical examination, radiographs, and ultrasound.

With regard to limitations, there is some inaccuracy when
measuring 3-D structures using 2-D imaging even when the 2-D
imaging is fluoroscopically controlled. This was evidenced by a
decreasing correlation coefficient if different radiographs of the
same patient were analyzed. There is a need for future studies
employing 3-D analysis, but the very large differences between
findings in the posterior instability group and those in the ante-
rior instability and control groups justify the use of the current
data, which were generated in a very standardized fashion.

The retrospective nature of this study is also a potential
weakness. However, with the rarity of isolated posterior in-
stability, a prospective research model is probably not feasible.
The systematic, standardized collection of clinical and radio-
graphic data for all patients undergoing treatment for shoulder
conditions in our institution provided a possibly not optimal

but robust basis for our study. Matching the instability groups
to reduce the influence of sex and age on the direction of
instability appears to further minimize potential confounding
factors. Another limitation is that we did not include the in-
fluence of glenoid bone loss or other pathological disorders
on the humeral side, but humeral head pathology is rare in
recurrent posterior subluxations and, like minor glenoid rim
changes, does not influence the measurements reported>*"*.
It would have been highly desirable to have had a per-
fectly matched control group, and we acknowledge that the
significantly older age of the control group is a problem.
However, to determine whether shoulders with anterior or
posterior instability have different mechanical conditions de-
fined by the orientation, shape, and position of the acromion
compared with “normal” shoulders, we needed to identify
controls with shoulders that had no degenerative joint surface
or rotator cuff changes and that specifically and definitely
had no instability. The development of instability cannot be
excluded until well after the age of 40 years. Therefore, an age-
matched control group would have been invalidated by the
argument that we could not know whether the patients in that
group would ultimately develop instability. With extremely
strict inclusion and exclusion criteria, we excluded acromial
changes secondary to any degenerative or traumatic changes as
well as genetically dysplastic shoulders. As posterior instability
was found to be associated with a particular acromial position
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and morphology that are significantly different from those of
“normal” shoulders, we believe that the findings in the control
group are an important prerequisite for future studies.
Despite the limitations, this study does document, for
the first time to our knowledge, that there is a strong asso-
ciation between acromial morphology and the direction of
glenohumeral instability, specifically recurrent posterior
instability. The study furthermore highlights that acromial
morphology needs to be taken into account and studied
further, especially to better understand and possibly improve
treatment of recurrent posterior instability. Whether ultimately
the association of posterior acromial morphology with poste-
rior instability will be relevant to treatment is unclear. Scapi-
nelli’ described a technique to provide more posterior osseous
restraint against posterior instability by grafting the posterior
aspect of the acromion with a bone block. The bone block was
placed to exert slight pressure on the infraspinatus, but it was not
clear why more overhanging of the acromion improved stability.
Whether such a form of treatment holds promise will need to be
studied experimentally and, if successful in that setting, clinically.

Conclusions

Specific acromial morphology is significantly associated with
the direction of glenohumeral instability. In patients with pos-
terior instability, the acromion is situated higher and is ori-
ented more horizontally in the sagittal plane, which may

POSTERIOR ACROMIAL MORPHOLOGY IS SIGNIFICANTLY ASSOCIATED
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provide less osseous restraint against posterior humeral head
translation. A steep acromion (“Swiss chalet roof configura-
tion”) virtually excluded recurrent posterior instability in an
albeit relatively small cohort of patients in our study. Addi-
tional investigation is needed to determine the relevance of
these findings for future treatment. ®
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