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Abstract
Introduction  Anatomical variations of the lateral offset of the acromion (LOA) are supposed to be a factor favoring of the 
development of rotator cuff tears. The primary objective of this study is to quantify the inter-individual variations of the 
lateral offset of the acromion.
Methods  The morphology of 103 dried scapula was studied. Scapula with an os-acromiale, fractures and osteoarthritic 
changes of the glenoid cavity were excluded. We measured the distance between the medial edge of the spine and the supra-
glenoidal tubercle of the glenoid fossa (L0), as well as the distance between this medial point and the most lateral point of 
the acromion (Lmax). Then, the acromial offset = (Lmax − L0), in absolute value (mm) and in relative value (% of Lmax) were 
calculated.
Results  The absolute average offset is 3.2 cm (SD = 0.4040 cm), the relative average offset is 23.07% (SD = 2.195%). We 
observed a non-Gaussian distribution of the LOA, with two peaks of distribution of which average and the median offset 
measurements are situated between these two distributions.
Conclusion  This study shows that there are two different morphologies for the scapula, characterized by the lateral offset of 
their acromion: small or large lateral offset. Clinical implications in shoulder pathology seem important because the result-
ant of the constraints applied by the deltoid to the joint would favor either rotator cuff tears, or scapulohumeral arthrosis.
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Introduction

The morphology of the acromion and the tendinous degen-
erative pathologies of the shoulder are supposed to be con-
nected. Since Neer’s publications and the development of 
the concept of “the impingement syndrome” [21–23], many 
authors tried to which anatomical characteristics of the acro-
mion would determine or be responsible of the onset of rota-
tor cuff lesions [5, 6, 13, 24, 25, 30]. Bigliani et al. found 
an increase of prevalence of rotator cuff lesions in hooked 
acromion on a cadaveric study [6]. They set a classification 

of acromion morphology in three types, determined on ‘Y’ 
view [5]. Recently Nyffeler et al. [25] think that the lateral 
offset of the acromion with regard to the surface of the gle-
noid fossa also called “acromial index” would be one predis-
posing factors of rotator cuff tears in case of large extension 
or osteoarthritis in case of reduced lateral extension. The 
acromial index is estimated on plain antero-posterior view 
(AP views) of the shoulder and uses the plan of the glenoid 
cavity as reference. This has been confirmed by a clinical 
study published in 2013 [19]. Those authors recommend 
reducing the lateral offset of the acromion in case of cuff 
repair to prevent failures of the healing process.

Our null hypothesis is that the lateral offset of the acro-
mion (LOA) is constant and proportional to the width of the 
scapula. The primary objective was to quantify the lateral 
development of the acromion to determine the inter-individ-
ual variations of this lateral offset.
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Materials and methods

Specimen selection

103 unpaired dried scapula of the collection of dry bones 
of the Institute Anatomy of Strasbourg were of use for this 
study. Initially 122 specimens were selected. Because some 
osseous deformations would interfere in our measurement 
protocol, 19 (15.7%) were excluded: 6 (4.9%) because of 
the presence of an os-acromiale, 6 (4.9%) because of mac-
roscopic signs of degenerative osteoarthritis of the glenoid 
fossa, and finally 7 (5.7%) because of obvious signs of 
fractures or recurrent instability (impaction fracture of the 
antero-inferior rim of the glenoid cavity).

We first defined four constant landmarks of the scap-
ula: the medial edge of the spine, the supra-glenoidal and 
the infra-glenoidal tubercles, the lateral border of the 
acromion.

Measurements

Each specimen was scanned (precision 0.001 mm) using a 
handheld Microscribe 3D digitizer (Immersion, San Jose, 
CA, USA) (Fig. 1). Measurements were taken by touching 
the specific bony landmarks. Data were directly entered 
into an excel sheet.

We measured (Fig. 2):

•	 The distance from the base of the scapular spine to the 
supra-glenoidal tubercle (L0) [1, 27].

•	 The projection parallel to L0 from the base of the scapular 
spine to the most lateral edge of the acromion process 
(Lmax) [1, 27].

•	 The distance between the supra-glenoidal and infra-
glenoidal tubercles, i.e., the height of the glenoid cavity 
[31].

First an intra-observer and inter-observer reliability tests 
were carried out to assess the validity of the methodology. 
Same measurements were taken on a random selection of ten 
separate specimens by the same researcher (one junior and 
one senior) for the intra-observer test and by three research-
ers for the inter-observer test (one supplementary resident 
trained for the study).

We defined the LOA as the difference between the length 
of the scapula (Lmax) and the length of supra-scapular fossa 
(L0). To standardize the lateral extension of the acromion 
(regarding inter-individual height variations) we expressed 
this measurement in percentage of the maximal length of the 
scapula, corresponding to ((Lmax − L0)/Lmax) × 100. We also 
standardize this characteristic with the use of the height of 
the glenoid fossa ((Lmax − L0)/L1 × 100).

Statistical analysis

All the data were collected in an Excel sheet (Microsoft cor-
poration, v14.3.2). All statistical analyses were performed 
using xlstat 2007 (Addinsoft, Paris, France). Mean, median 
and standard deviation were calculated for each specimen. 

Fig. 1   a MicroScribe 3D digi-
tizer (Immersion Corporation, 
San Jose Ca, USA), b closed 
view of the pointer
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The non-normal distributions of the different values were 
assessed by the use of the Shapiro–Wilk test.

The Cronbach reliability coefficient for the intra-observer 
and inter-observer reliability tests was compared (0.9—
excellent, 0.8—good, 0.7—acceptable, 0.6—questionable, 
0.5—poor, and < 0.5—unacceptable).

Results

Cronbach’s coefficients for the intra-observer and inter-
observer tests were 0.92 and 0.89, respectively. Both results 
indicate that there was a good to an excellent internal 
consistency.

The average distance Lmax was 137.46  mm (min: 
115.2, max: 159.3  mm, SD: 9.66  mm). The average 
length of the supra-scapular fossa L0 was 105.71  mm 
(90.5–123.1 mm, SD 7.52 mm). From these data, we found 
a LOA (Lmax − L0) average of 31.76 mm (20.5–41.6 mm, 
SD in 4.04). This corresponded to 23.07% of Lmax (SD 
2.19%). The analysis of the variance of these measures 
was 0.661338.

The distribution of the LOA is represented in the Fig. 3. 
This corresponds to a non-Gaussian distribution, with 
two very different peaks being situated in 29.5 mm and in 
35 mm.

The average height of the glenoid cavity (L1) was 
37.57 mm (SD 3.10 mm). The ratio ((Lmax − L0)/L1) × 100 

Fig. 2   Representation of 
measures made on the posterior 
aspect of the scapula (a) and at 
the level of the glenoid cavity 
(b)

Fig. 3   Distribution of the side backwardations of the acromion. X axis lateral offset of the acromion (cm), Y axis number of scapulae
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also showed a non-Gaussian distribution with in two peaks, 
identical to those already described above.

Discussion

Through our study we showed that there are two populations 
of scapula characterized by the lateral extension of the acro-
mion process (Fig. 3). A group presents a short offset (on 
average: 29.5 mm), and a group a large offset (on average: 
35 mm), whether we consider absolute values or ratio. The 
strength of our anatomical study is that our measurements 
are more precise than those made on X-rays because they are 
dependent neither on the magnification nor on the quality 
of X-rays in terms of incidence. Furthermore, we propose a 
new protocol of measures, which does not require either the 
plan of the glenoid surface or the humeral head diameter and 
which can be realized with routine CT scans.

The physiopathology of the lesions of rotator cuff tendons 
is complex and not clearly understood yet. The disruption 
of the histological architecture contributes to the tendinous 
degeneration that leads to degenerative ruptures [14]. In 
1934, Codman [9] noted a natural fragility of the enthesis 
of the rotator cuff tendons. Further, based on anatomical, 
histological and micro-angiographies studies, the tendinous 
fragility was explained by a low development of the micro-
vascular network in the distal part of the tendons and by a 
natural age-related degeneration of the fibers of collagens 
[16, 29, 32, 33]. This is responsible for a progressive meta-
plasic replacement of the tenocytes by chondrocytes [32]. 
Those intrinsic factors are worsened by extrinsic factors. For 
Meyer et al. [18], the bursal side of the acromion would be 
at the origin of irritations and erosion of the underlying ten-
dons by friction; it is the impingement syndrome described 
by Neer [21–23]. This impingement is located under the first 
third of the antero-inferior part of the acromion, the coraco-
acromial ligament and the acromio-clavicular joint. The 
concept of impingement with the acromial arch is based on 
numerous studies trying to demonstrate a relation between 
morphology of the acromion and tendinous ruptures. Nichol-
son et al. [24] pointed out that the morphology of scapula 
evolves in time and that spurs of the undersurface of the 
acromion appear, but the question of their implication as 
cause or consequence of the tendinous pathology remains 
discussed [13, 26, 28, 32]. First, Bigliani has classified acro-
mion in three types: type 1: flat, type 2: curved and type 3: 
hooked; the type 3 being more often associated with pathol-
ogies of the cuff [5, 6]. Bigliani and Morrison suggested a 
decision-making process in case of chronic tendinopathy of 
the cuff [5]. Those morphologies were confirmed by Natsis 
et al. [20]. Those authors added a fourth type of acromion 
with existence of enthesophytes that might be responsible of 
rotator cuff tears. Then Aoki et al. [2] introduced the notion 

of the “slope of the acromion”. They found that a flatten-
ing of the acromial slope with regard to the horizontal plan 
on “Y”view increased the impingement of the cuff by the 
acromion. Banas et al. [4] determined the “lateral angle of 
the acromion” on MRI in the frontal plan. This corresponds 
to the angle between the lower face of the acromion and 
the glenoid surface. The authors state that if it decreases, a 
higher incidence of tendinous lesions is observed. All those 
theories remain questionable [15].

Finally, more recently, Nyffeler et al. [25] and Moor et al. 
[19] introduced a new hypothesis concerning the implica-
tion of the anatomy of the acromial process in the pathogeny 
of tendinous lesions. They studied the association existing 
between large extensions of the acromion measured on plain 
X-rays “= the critical shoulder angle” and the tendinous 
lesions of the supra-spinatus. They determined the acromial 
index as being proportional in the lateral extension of the 
acromion. This theory has been confirmed by clinical stud-
ies [3, 8, 11, 17]. All confirm that the hypothesis that the 
acromial morphology of patients with degenerative supra-
spinatus tendon tears differs from patients with traumatic 
tears. They not only demonstrated that the lateral extension 
of the acromion favors the supra-spinatus rupture, but their 
results also suggested that a short lateral extension of the 
acromion is a predisposing factor of osteoarthritic changes 
of the shoulder [12]. This difference in terms of pathogenic 
evolution may be related to the direction of forces applied 
by the mid-deltoid muscle [7, 10]. It results in a narrower 
subacromial space. Thus, the results of this study support the 
theory of external impingement as a cause for degenerative 
rotator cuff tears. As this study demonstrates that there are 
two main morphology of acromion we can infer that rotator 
cuff tears are manly related to intrinsic factors.

Limitations of this study lie on that our anatomical speci-
mens are not referenced regarding the gender, the age, the 
height, dominant side, or the occupation of the donor. Thus, 
we cannot evaluate if male/female variations exist and/or if 
the LOA is correlated with the size of the humeral head. It 
was also not possible to determine if dominant side or occu-
pation of the donor may have influenced the bony geometry.

Conclusion

In this study, we focused on the LOA to determine its 
variability. According to our results, there are clearly two 
morphological types of acromial offset: a short and a large 
one, confirming the existence of important inter-individual 
variations. As it has been shown in the literature that this 
plays a role in rotator cuff pathology, this would allow 
surgeons to include this data in the pre-operative planning 
of rotator factor repair. It would seem possible to us to 
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finalize an imaging protocol allowing the shoulder surgeon 
to estimate the LOA in a reliable way.
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