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Abstract

Background Although acromial morphology is classified as flat, curved, and hooked, whether the morphology is primary
or acquired is debated. There have been no investigations on the effect of acromial spurs on acromial morphology. This
study therefore aimed to evaluate acromial morphology in relation to spur formation at the anterior edge of the acromion.
Materials and Methods Acromial morphology was investigated in 40 scapulae taken from 20 cadavers (10 male and 10
female), with a median age of 82 years (range 62-97 years). Ink prints of the anteroposterior aspect of the acromion were
used to evaluate acromial slope angle and curvature height in relation to spur incidence, length, and shape at the anterior
edge of the acromion.

Results Differences were observed in acromial morphology and acromial curvature in relation to acromial spurs (incidence,
size, and shape). A hooked acromion was observed as a primary structure in 25% of specimens, which increased to 43%
when acromial spurs were involved. No differences were observed in relation to sex or side, while a significant correlation
was observed between acromial curvature and the age of the specimens.

Conclusion Acromial spurs increase acromial curvature and therefore change acromion morphology. Nevertheless, it is
concluded that a hooked acromion occurs as a primary formed structure.

Level of evidence Basic science study, anatomy, cadaver dissection.

Keywords Acromial slope - Acromial curvature height - Acromial morphology - Acromial spur - Shoulder degenerative
changes

Introduction reported that shoulders with full-thickness rotator cuff tears
had a significant incidence of a hooked acromion and a
The morphology of the acromion has been classified into greater acromial slope angle [6, 8, 12, 13, 26, 32, 34, 35, 39].
three types: flat, curved, and hooked [6]. Bigliani et al. [6] Contact between the acromion and humeral head has also
also used the acromial slope angle to determine the anter-  been detected in shoulders with a hooked acromion [14].
oposterior curvature of the acromion. Previous studies have  In contrast, no relationship between rotator cuff tears and a
hooked acromion or difference in acromial slope has been
observed [3, 4, 17, 20, 21, 38].
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A higher incidence of acromial spurs has been reported
in shoulders with a hooked acromion than in other acromial
types [15, 22, 26, 28, 29]. In contrast, others [25, 31] have
reported no relationship between the incidence of an acro-
mial spur and acromial morphology. Edelson and Taitz [10]
suggest that the formation of an acromial spur increases the
length of the acromion, therefore changing its morphology.
However, there appears to be no study to date which has
investigated changes in acromial morphology with respect
to the presence of acromial spurs. This study therefore evalu-
ated the geometric curvature of the acromion in relation to
the formation of a spur at its anterior edge.

Materials and methods

Acromial morphology was evaluated in 20 pairs of dry scap-
ulae from 10 male and 10 female cadavers, with a median
age of 82 years (range 62-97 years). A pilot study was con-
ducted to calculate sample size needed using OpenEpi soft-
ware, Version 3. The required sample size for the current
study was 26 scapulae with mean difference in the acromial
slope mean of 8° at a 5% level of significance with a power
of 80%.

Acromial curvature was determined in two ways: acro-
mial slope angle and the height of acromion curvature. Bigli-
ani et al. [6] described acromial slope angle as the angle
between two lines connecting the anterior and posterior
ends of the acromion interconnecting at the midpoint on
the inferior acromion. Edelson and Taitz [10] described the
height of the acromial curvature as the maximum height
above a straight line drawn between the ends of the acromion

(Fig. 1).

Fig. 1 Sagittal view of scapula shows the method used to measure the
lateral acromial curvature parameters: acromial slope angle (A) and
acromial curvature height (B)
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The current study measured acromial curvature param-
eters by taking an ink print of the lateral aspect of the acro-
mion. Nine prints were taken from each acromion before
selecting the best three and calculating the mean values from
which to evaluate acromial morphology. Acromial curva-
ture parameters were measured manually using a goniometer
taking into consideration the length of the acromial spur at
the anterior edge of the acromion. In addition, the original
(primary) acromial curvature parameters were measured in
shoulders with acromial spurs to eliminate the spur length
at the anterior edge of acromion (Fig. 2). The length of acro-
mion and spur was measured using standard digital calipers.

Acromial morphology was classified according to
Toivonen et al. [34] using acromial slope into flat (0°-12°),
curved (12°-27°) and hooked (>27°). Spurs at the anterior
edge of the acromion were classified according to their size
[27] and shape [19]: spur length was classified as small
(<5 mm), medium (5-10 mm) and large (> 10 mm). Spurs
were also classified according to their orientation with
respect to the anterior edge of the acromion into straight
(traction) spurs and curved (claw) spurs.

The collected data were analyzed using IBM SPSS sta-
tistical 21.0 software, with P <0.050 considered as being
statistically significant. The collected data showed normal
distribution and equal variance, therefore parametric tests,
such as t-test (independent and paired samples), one way
ANOVA and Pearson Chi square tests, were conducted to
determine differences and relationships between acromial
curvature and the presence of an acromial spur. Interobserver

Fig.2 Sagittal view of scapula shows the primary (original) acro-
mial curvature in scapula with acromial spur. The curved line extends
between the anterior tip of spur (A) and the posterior end of acro-
mion. (C) represents the lateral acromial curvature including spur
length (A, B). The primary curvature of acromion is explained by the
curved line extending from the anterior edge of acromion (B) to the
posterior end of the acromion (C)
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and intraobserver tests were carried out at the beginning of
the study to assess the reliability of the measurements taken.

Results

The interobserver and intraobserver tests both revealed
high intercorrelation coefficients in the measurements taken
(Cronbach’s alpha=0.987); consequently there was high
reliability in the measurements taken.

Acromial curvature parameters are shown in Table 1 in
relation to categorical data. Descriptive statistic showed
that the overall mean of acromial slope was 27 +6 (range
12°-45°) and the acromial height was 6 +2 (range 3-9 mm).
A significant correlation (P=0.001) between acromial slope
and acromial height was observed (R=0.8). The mean
length of the acromion was 50.75 +7.4 mm. There was a
significant correlation (P <0.050) between the acromial
length and acromial curvature parameters (slope: R=0.4,
height: R=0.7). With respect to age, a significant correlation
(P <0.050) was observed between age and the acromial cur-
vature parameters (slope: R=0.3, height: R=0.3). However,
in relation to side and sex, statistical analysis showed no
significant difference in the acromial curvature parameters
(P>0.050).

Acromial spurs were observed at the anterior edge of
the acromion in 25 (63%) scapulae with a mean length of
6 +4 mm (Table 2). Concerning spur incidence, acromiae
were categorized into two groups: those with spurs and those
without. Acromiae with spurs had higher acromial curva-
ture parameters than those without (P =0.003, P <0.001,
respectively). In acromiae with spurs, the original acromial
curvature parameters were less than when spurs were con-
sidered (P <0.001). However, there was no difference in
acromial curvature parameters between acromiae without

Table1 Mean and associated standard deviations of acromial curva-
ture parameters (slope and height) in relation to side, sex, and acro-
mial shape

Factors Acromial slope (°) Acromial
height (mm)

Total mean 27+6 6+2
Side

Right (20) 26+6 5+2

Left (20) 277 +
Sex

Male (20) 28+6

Female (20) 25+6 +
Acromial shape

Straight (1) 12+0

Curved (22) 23+

Hooked (17) 32+4 +

Table2 Mean and associated standard deviations of acromial curva-
ture parameters (slope and height) in relation to spur incidence, spur
size, and spur shape

Factors Acromial slope (°) Acromial
height (mm)
Spur incidence
No spur (15) 23+5 +1
With spurs (25) 29+ 6+2
Original (25) 23+6 442
Spur size
Small (11) 27+6 6+2
Medium (8) 30+ +
Large (6) 31+8 T+2
Spur shape
Straight (10) 25+4
Curved (15) 32+5 +

spurs and the original acromial curvature in those with spurs
(P>0.050).

Acromial spurs were classified as small (<5 mm)
observed in 11 (27%) scapulae, medium (5-10 mm)
observed in 8 (20%) scapulae, and large (> 10 mm) observed
in 6 (15%) scapulae. Comparing acromial curvature param-
eters using this classification showed significant differences
(P <0.050). With respect to acromial slope, acromiae with
large and medium spurs had a greater angle than those
without spurs. However, there was no difference in acro-
mial slope between the three groups of spur size, as well
as between acromiae with small spurs and those without
spurs (P> 0.050). With respect to acromial curvature height,
acromiae with large spurs had a higher curvature than other
spur types and those without spurs (P <0.050). On other
hand, acromiae without spurs had a lower curvature than
those with different sized spurs (P <0.010). There was no
difference in acromial curvature height between acromiae
with medium and small spurs (P=0.962).

Anterior acromial spurs were also classified, according
to their orientation, into straight (traction) spurs observed
in 10 (25%) scapulae and curved (claw) spurs observed in
15 (38%) scapulae. Comparing acromial curvature param-
eters with the shape of the spur showed significant differ-
ences (P <0.001). Acromiae with curved spurs had larger
slopes than those without (P <0.001) and those with straight
spurs (P=0.002). However, there was no difference in slope
between acromiae with straight spurs and those without
(P=0.424). In addition, acromiae with curved spurs had a
higher acromial curvature than those without (P <0.001) and
those with straight spurs (P =0.004). Acromiae with straight
spurs also had a higher acromial curvature than those with-
out (P=0.022).

Using the classification of Toivonen et al. [34], different
acromial shapes were observed before and after including
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spur length at the anterior edge of acromion. A hooked acro-
mion was observed in 17 (43%) of scapulae; however, there
were a higher number of scapulae with a curved acromion
(n=22, 55%). A flat acromion was observed in only one
scapula (n=1, 2%). Comparing acromial curvature param-
eters in relation to acromial shapes showed a significant dif-
ference (P <0.001). Hooked acromiae had a higher acromial
slope and height than curved and flat acromiae, furthermore
curved acromiae had a higher slope and height than flat acro-
miae (P <0.001).

With respect to the primary morphology of the acromion,
there was lower incidence of hooked acromiae (n=10, 25%)
compared to those when spurs and higher incidences of
curved and flat acromiae (n =28, 70%; n=2, 5%), respec-
tively. Thus, formation of spurs at the anterior edge of acro-
mion changed 7 (23%) flat and curved acromiae into hooked
acromiae; all 7 changes involved curved spurs. In addition, a
higher incidence of acromial spurs was detected in hooked
acromiae (n= 14, 82%). Most of these spurs were curved
(n=12, 86%), while a curved acromion had an incidence of
a straight spur (n=28, 73%).

Discussion

The morphology of the acromion can be classified into flat,
curved, and hooked [6], with a significant correlation iden-
tified between the acromial slope and type of acromion [4,
34]. Bigliani et al. [6] reported acromial slope in relation
to acromial morphology as 13.1° in flat acromiae, 26.9° in
curved acromiae and 26.7° in hooked acromiae. However,
both Toivonen et al. [34] and Balke et al. [4] have reported
higher slope angles in hooked acromiae. Tuite et al. [35]
reported a mean slope of 25° (range 8°—42°), with Toivonen
et al. [34] also reporting a similar range (5°—42°); however,
Alobaidy et al. [1] reported a greater slope angle (49°, range
27°-69°). In addition, no difference has been reported pre-
viously in acromial slope in relation to sex or side [1, 35].

The present study evaluated acromial slope angle con-
sidering spurs formed at the anterior edge of the acromion.
The measured angles were comparable to those previously
reported [4, 6, 34, 35], but less than that of Alobaidy et al.
[1], who measured slope as the angle between two intersect-
ing lines connecting the superior and inferior points at the
anterior and posterior ends of the acromion.

Several studies have suggested that changes in acromial
morphology or the formation of a hooked acromion is a
result of degenerative change with aging [18, 33, 37, 38].
In contrast, others have reported no relationship between
the shape of the acromion and slope or age [4, 5, 15, 25, 28,
35, 36]. A correlation between acromial curvature and age
in acromiae with spurs was observed in the current study.
This correlation may result from a significant association
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between spur incidence and age as reported previously [19,
27]. Thus, an acromial spur is a degenerative change and
could be responsible for the reported relationship between
age and acromial morphology.

Agreeing with Edelson and Taitz [10], the current study
observed a correlation between the length of the acromion
and acromial curvature. However, a higher correlation was
observed after the spur length was considered for both acro-
mion slope and height. In addition, there was also a correla-
tion between acromial slope and acromial height. Therefore,
changes in the length of the acromion may change acromial
morphology.

The current study found that an acromial spur can change
the morphology and curvature of the acromion. Consider-
ing the incidence of acromial spurs, their length and shape
showed a greater acromial slope and curvature height, as
well as a different acromial morphology, than those of the
primary acromion. In agreement with previous studies [15,
22,26, 28, 29], the current study observed a high incidence
of acromial spurs in hooked acromiae; however, only curved
spurs were found to have a significant role in changing the
primary morphology of the acromion. The origin of differ-
ent spur shapes at the anterior edge of the acromion in the
present study could not be identified, thus no explanation
can be offered for the observed morphology or angulation
of the acromion.

Previous studies have suggested misinterpretation in
the formation of an acromial spur with respect to a hooked
acromion [9-12, 15, 30]. The present study investigated
acromion morphology before and after considering the pres-
ence of an acromial spur. The results showed that hooked
acromiae were present in 25% of specimens, increasing to
43% after the inclusion of an acromial spur. Thus, the cur-
rent study supports previous studies [25, 31] that a hooked
acromion is a congenital manifestation: the formation of an
acromial spur may increase acromial curvature and lead to
a hooked acromion.

Previous studies have reported a difference in acromial
slope angle in relation to rotator cuff tears and shoulder
impingement syndrome [4, 6, 35]. Shoulders with rotator
cuff tears have been reported to have a higher incidence of
acromial spurs than those with intact rotator cuff tendons
[6, 16, 23, 34]. Neer [24] observed rotator cuff tears and
acromial spur formation in the advanced stage of shoulder
impingement syndrome. The difference in acromial slope
between shoulders with rotator cuff tears and those with
intact rotator cuff tendon may therefore be caused by the
formation of an acromial spur in shoulders with rotator cuff
tears.

The current study may be criticised for not considering
the medial part of the acromion and using a primitive tech-
nique such as ink printing. The study inspected the morphol-
ogy of the acromion objectively based on the acromion slope
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[34] and height [10] which is usually measured from the
lateral edge of the acromion in the outlet-view [4]. Further-
more, acromial spurs usually develop within the anterolat-
eral band of the coracoacromial ligament [11]. The current
study found that spurs mainly developed at the anterolateral
edge of the acromion, but that large spurs may extend medi-
ally. In contrast, the medial edge of acromion has not been
considered in previous studies discussing acromial morphol-
ogy and commonly shows acromioclavicular osteophytes
[10]. At the time of 3D evaluation, using ink prints may be
considered a limitation in the current study. However, this
technique was compatible to specimens used in this study
which were dry scapulae. Furthermore, using an ink printing
technique was required to determine precisely the incidence
and size of the spur, as well as to distinguish hooked acro-
miae from those with spurs.

There is a lack of evaluation of acromial curvature height
in the literature, with it not being reported even in studies
which have described it [9]. In addition, there is confusion
between acromial slope and acromial tilt angle, with the lat-
ter measuring the acromial inclination angle in relation to
the coracoid process [2, 7, 20]. The limitation of the present
study is the high age range of the specimens examined. How-
ever, such specimens enabled the investigation of the effect
of an acromial spur on the morphology of the acromion.
Future studies should investigate the effect of acromial spurs
on acromion morphology in young individuals, as well as in
those with rotator cuff tears.

Conclusion

The current study investigated the effect of an anterior acro-
mial spur on acromial morphology in dry scapulae. Acro-
miae with spurs had a larger acromial curvature than those
without. The size and shape of acromial spurs also appear to
have an influence on acromial morphology. Acromiae with
large (> 10 mm) and curved spurs showed a higher acromial
curvature than other types. In addition, 25% of acromiae
were found to have a primary hook shape. However, more
hooked acromiae were identified after the formation of a
spur was considered. It appears, therefore that the presence
of an acromial spur can change significantly the morphology
of the acromion.
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