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SUMMARY

Although the triangular deltoid muscle has three
distinct portions originating from the scapula and
acromion, the underlying coraco-acromial ligament
presents as the stabilizing factor for the anterior
deltoid, thus bridging the interval within the coraco-
acromial arch. As the deltoid muscle integrity is
vulnerable during the resection of the coraco-
acromial ligament from the acromion, the purpose
of this study was to quantify the height of the del-
toid muscle over the region of the coraco-acromial
ligament.

The superior shoulder region in seventeen nor-
mal female individuals (n = 34) were bilaterally
examined through an ultrasonographic system
(Medelec Synergy: Acertys T2 EDX, 2012). In ad-
dition to the length of the coraco-acromial liga-
ment, the height of the deltoid muscle was meas-
ured at three selected areas between the posterior
aspect of the coracoid process and the anterior
acromial tip, just superior to the coraco-acromial
ligament.

The mean coraco-acromial length was found to
be 24.8+7.6mm. The mean deltoid height at re-
gions 1, 2 and 3 were 8.4+2.7mm, 9.1£2.1mm and
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8.4+£3.0mm, respectively.

The height of the deltoid muscle was recorded to
be constant across all three regions related to the
coraco-acromial ligament. Moreover, the specific
height of the deltoid muscle in the region of the
coraco-acromial ligament was not reported in the
literature reviewed. In addition, this study was
done to complement the introduction of the delto-
fulcral triangle model by Naidoo et al. (2017). The
provision of data regarding the specific deltoid
height may assist to preserve the deltoid muscle
and the accompanying coraco-acromial ligament
during operative procedures.
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INTRODUCTION

As it constitutes the greatest proportion of the
upper limb muscle mass, the deltoid muscle has a
considerable effect on the glenohumeral joint in
rotator cuff deficient shoulders (Holzbaur et al.,
2007; Audenaert et al., 2009; Meyer et al., 2013).

Geometrically, the deltoid muscle appears trian-
gular and has three distinct portions arising from
the antero-superior lateral one-third of the clavicle,
the supero-lateral acromion and the inferior border
of the scapular spine to insert infero-laterally at the
radial tuberosity of the humerus (Williams and
Warwick, 1980; Lorne et al., 2001; Leijnse et al.,
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2008; Audenaert et al., 2009; Sakoma et al., 2011;
Meyer et al., 2013; Moser et al., 2013; Rosso et
al., 2014; Standring et al., 2016). Although Au-
denaert et al. (2009) reported the thickness of the
deltoid muscle to be equally distributed as it wraps
over the osseous outline of the shoulder, seg-
ments of the anterior and intermediate deltoid por-
tions are stabilised by the underlying coraco-
acromial ligament (CAL) in order to account for the
interrupted osseous continuity of the coraco-
acromial arch (Moser et al., 2013; Standring et al.,
2016).

Since the CAL originates from the anterior acro-
mial margin and inserts onto the posterior aspect
of the coracoid process, it completes an arch su-
perior to the humeral head (Ciochon and Corrucci-
ni, 1977; Edelson and Taitz, 1992; Edelson and
Luchs, 1995; Fealy et al., 2005; Standring et al.,
2016). Despite representing an anatomical site of

stenosis, the CAL forms a “tension band” between
the osseous attachments for the underlying and
overlying structures of the glenohumeral joint
(Neer, 1972; Edelson and Taitz, 1992; Standring et
al., 2016).

With the increasing complexity of arthroscopic
surgery, thorough knowledge of the morphometric
anatomy is considered to be important for the suc-
cessful operative outcome, as the integrity of the
superior-lying deltoid muscle is often vulnerable
during the resection of the CAL from the acromion
(Edelson and Luchs, 1995; Moorman et al., 2012).
Therefore, given that the specific height of the del-
toid muscle over the coraco-acromial ligamentous
region remains unquantified, and in an attempt to
preserve these structures, the current study aimed
to determine the muscular height of the deltoid in
the selected region.

Fig 1. Longitudinal view of the anatomical landmarks in the region of the coraco-acromial ligament in the right shoul-
der. A - Anterior; Ac - Acromion; C - Coracoid process; CAL - Coraco-acromial ligament; DH - Deltoid muscle height;
S - Superior.
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MATERIALS AND METHODS

In accordance with the power-analysis, this study
comprised of 17 healthy female volunteers (n =
34). While demographic data such as age and eth-
nicity were not disclosed, inclusion and exclusion
criteria were adhered to.

Inclusion criteria: All included female individuals
were selected on the basis that they did not under-
go previous surgery of the shoulder nor did they
exhibit shoulder pathology.

Exclusion criteria: Female individuals who under-
went previous surgery within the shoulder region
or presented with any evidence of shoulder pathol-
ogy were excluded.

The protocol for this ultrasonographic study
(Medelec Synergy: Acertys T2 EDX, 2012) was
determined by a specialised physiatrist.
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During bilateral examination, each subject was
seated erect with each arm hanging adjacent to
the trunk and the forearm supinated and rested on
the ipsilateral thigh. The coracoid process and an-
terior acromial tip were palpated and indicated by
skin markers. A water-soluble transmission gel
was applied to the contact tip of a linear transducer
(9MHz). The transducer was then placed on the
skin perpendicular to the tissue interface between
the coracoid process and the acromial tip. Once a
clear longitudinal image was established, the im-
age was frozen and the CAL was identified.

The height of the deltoid muscle in relation to the
CAL was then estimated in three selected fixed
regions, viz.: Region 1: directly superior to the an-
terior attachment of CAL at the posterior aspect of
coracoid process; Region 2: directly superior to the
mid-line of CAL; Region 3: directly superior to the

Fig. 2.- Longitudinal view of the deltoid muscle heights and the length of the coraco-acromial ligament in the ri%ht
shoulder. A - Anterior; Ac - Acromion; C - Coracoid process; CAL"- Length of the coraco-acromial ligament; DH s
Deltoid muscle height at region 1; DH™? - Deltoid muscle height at region 2; DH®®- Deltoid muscle height at region

3; S - Superior.
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posterior attachment of CAL at the anterior acromi-
on. In addition, the length of the CAL was also
measured (Figs. 1-2).

All parameters were measured three times by the
same principle investigator in order to reduce intra-
observer error. Consent for this study was ob-
tained by the Ghent University Ethics Committee
(B279/15; B670201523321). Statistical analysis
included the means and standard deviations of all
parameters (SPSS, version 21.0). P Values reflec-
tive of less than 0.05 were considered to be statis-
tically significant.

RESULTS

At the three selected regions of the CAL, the
height of the deltoid muscle was found to range
from a minimum of 3.2 mm to a maximum of
16.4mm (Table 1). The mean deltoid height at re-
gions 1, 2 and 3 were recorded to be 84 + 2.7
mm, 9.1£2.1 mm and 8.4+3.0 mm, respectively
(Table 1). Upon correlation with the deltoid height
at the intermediate region 2, the deltoid height at
regions 1 (p value: 0.000) and 3 (p value: 0.009)
appeared to be significant at the 0.01 level (Table
2).

The mean length of the CAL was measured to be
24.8 £ 7.6 mm (Range: 15.2-56.6 mm) (Table 1).

DISCUSSION

The osseous scapular processes defining re-
gions 1, 2 and 3, which were represented by the
anterior acromion and coracoid process, indicated
the area of the coraco-acromial arch that is com-
pleted by the CAL and related to the anterior del-
toid superiorly.

Classically, the deltoid muscle is divided into
three anatomical portions, viz. anterior, middle and
posterior, which arise from the anterior acromion
and lateral one-third of the clavicle, lateral acromi-

on and the scapular spine, respectively (Williams
and Warwick, 1980; Lorne et al., 2001; Leijnse et
al., 2008; Audenaert et al., 2009; Sakoma et al.,
2011; Meyer et al., 2013; Moser et al., 2013; Ros-
so et al., 2014; Standring et al., 2016). Recent lit-
erature has placed much focus on the fibrous
frame of the deltoid, which was initially proposed
by Fick (1911) and divides the muscle into seven
intramuscular tendons (Fick, 1911; Williams and
Warwick, 1980; Lorne et al., 2001; Leijnse et al.,
2008; Sakoma et al., 2011; Meyer et al., 2013).
According to Lieber and Friden (2001), Huijing
(2003) and Finni (2006), it is these intramuscular
tendons that are ultimately responsible for the
transmission of force to the osseous structures.
Although the generic multiple segmented model of
Leijnse et al. (2008) is widely accepted and con-
cise, the actual osseous landmarks from which the
tendons originate differ (Audenaert and Barbaix,
2008; Meyer et al.,, 2013; Sakoma et al., 2011).
Since the present study was specific to the deltoid
muscle height in the region of the CAL, the osse-
ous origins relative to the anterior deltoid aspect
were used as the anatomical landmarks of refer-
ence.

Although the study conducted by Audenaert et al.
(2009) reported the height of the deltoid muscle in
relation to the humeral head, no previous study
has investigated the specific height of the deltoid
muscle in the region of the CAL. Since this aspect
of the deltoid represented the anterior deltoid por-
tion, the present study measured the height of the
deltoid muscle at three selected regions in accord-
ance with palpable anatomical landmarks. The
mean deltoid height appeared to be almost identi-
cal at the anterior region 1 and posterior region 3.
While the mean deltoid height at the intermediate
region 2 was marginally greater than that of re-
gions 1 and 3, it may be postulated that the deltoid
height at region 2 is closely associated to that of
regions 1 and 3 and thus remains constant across

Table 1. Mean length of the coraco-acromial ligament and the deltoid muscle height.

Parameter Mean (mm) Minimum (mm) Maximum (mm)
Region 1 8.4+2.7 3.7 14.5

Height of deltoid muscle in region of CAL Region 2 9.1£2.1 4.5 13.2
Region 3 8.41£3.0 3.2 16.4

Length of CAL 24.8+7.6 15.2 56.6

Table 2. Comparison of the deltoid height between the three regions related to the coraco-acromial ligament.

Deltoid Height (P values) Region 1 Region 2 Region 3
Region 1 - 0.000* 0.960
Region 2 0.000* - 0.009*
Region 3 0.960 0.009* -
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the area related to the CAL.

Despite numerous studies of its variable anatom-
ical configuration, the CAL maintains an intimate
relationship with the deltoid muscle (Harris and
Blackney, 1993; Rockwood and Lyons, 1993;
Edelson and Luchs, 1995; Hunt et al., 2000; Fealy
et al., 2005) (Table 3). Effectively, the CAL, analo-
gous to the patellar ligament in function, connects
two independent osseous landmarks, viz., acromi-
on and coracoid process, thus bridging the gap
and providing a suspensory function to the overly-
ing deltoid muscle which incidentally stabilizes the
glenohumeral joint (Hunt et al., 2000; Lee et al.,
2001; Moorman et al., 2012). As a result, it acts as
a static stabilizer to prevent superior displacement
of the humeral head (Hunt et al., 2000; Lee et al.,
2001; Moorman et al., 2012).

The mean length of the CAL in this study was
seen to be shorter than that recorded in previous
studies (Fealy et al., 2005; Wang et al., 2009; Wu
et al.,, 2010) (Table 3). Accordingly, the sample
comprised only of female subjects due to the ab-
sence of the participation of male volunteers in this
study. Therefore, the difference in the mean length
may be due to the gender diversion evident in the
bone-muscle relationship (Lang, 2011). Despite
this distinction in the mean length of the CAL, the
minimum values documented in the present study
were similar to that of Fealy et al. (2005).

Interestingly, the CAL manifests ancestral devel-
opment as it is an anatomical feature present only
in hominoids (Ciochon and Corrunccini, 1977;
Viosin et al.,, 2014). In view of the brachiation
adapted behaviour of feeding and locomotion, the
presence of the CAL in hominoids is considered to
be an example of neo-articulation (Ciochon and
Corrunccini, 1977; Edelson and Taitz, 1992; Viosin
et al., 2014).

This study employed the use of ultrasonography,
which has been identified to provide accuracy in
biomechanical models and allows for the easy
identification of muscle (Juul-Kristensen et al.,
2000). Given that a high incidence of variation ex-
ists between cadaveric data and that obtained in-
vivo due to the effects of aging and dehydration,
the current study comprised of live patients
(Audenaert et al., 2009). In addition, it was con-
ducted to complement the introduction of the delto-
fulcral triangle model by Naidoo et al. (2017). The
delto-fulcral triangle presents as a window to the
orthopaedician for the evaluation of pathology in

and around the subacromial region (Naidoo et al.,
2017). While the superior aspect of the anterior
acromial region presents as the origin site for the
anterior deltoid segment, the delto-fulcral triangle
model (static stabilizer), which was designed to
depict the deltoid muscle trajectory and the deltoid
moment arm, incorporates the osseous lateral
acromial point (static stabilizer) as opposed to the
anterior acromial point (Naidoo et al., 2017). Sub-
sequently, in the present study there was no differ-
ence in the deltoid muscle height (dynamic stabi-
lizer) across the region of the coraco-acromial liga-
ment (i.e. anterior deltoid segment), thus suggest-
ing that the exclusion of the anterior acromial point
would have negligible effects on the design of the
new delto-fulcral triangle model.

Geometrically, the deltoid muscle appears trian-
gular and has three distinct portions arising from
the antero-superior lateral one-third of the clavicle,
the supero-lateral acromion and the inferior border
of the scapular spine to insert infero-laterally at the
radial tuberosity of the humerus (Wiliams and
Warwick, 1980; Lorne et al., 2001; Leijnse et al.,
2008; Audenaert et al., 2009; Sakoma et al., 2011;
Meyer et al., 2013; Moser et al., 2013; Rosso et
al., 2014; Standring et al., 2016).

Upon consultation with the biostatistician, it was
deduced that moderate to small effects, based up-
on a 95% confidence level, may be detected be-
tween the range of n = 34 and n = 56. Since this
was a prospective voluntary study, only 17 female
volunteers (n = 34) responded to the call for partic-
ipation in the study. Therefore, this may present as
a limitation to the study as there were no voluntary
male participants. Given that the present study
was conducted as a complementary component to
the introduction of the delto-fulcral triangle model
(Naidoo et al., 2017), demographic data (viz. age,
ethnicity) was not recorded as the authors did not
wish to investigate these parameters. While the
exclusion of such data is not an accurate repre-
sentation of the population, it is recommended that
future studies include the relevant patient de-
mographics, as well as comparisons between sex-
es and the normal and pathological groups. Fur-
thermore, additional studies may be required to
prove the reliability of the data recorded as the
intra-observer correlation index was not obtained
in the present study.

Table 3. Length of the coraco-acromial ligament as reported in the literature.

Author (Year) Mean (mm) Minimum (mm) Maximum (mm)
Fealy et al. (2005) 31.0+4.7 17.3 41.0
Wang et al. (2009) 31.2+3.0 24.8 37.8

Wu et al. (2010) 31.5+2.4 - -
Present Study 24.817.6 15.2 56.6
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CONCLUSION

The present study investigated the specific
height of the deltoid muscle in the region of the
CAL, a parameter which was not previously docu-
mented. Although, statistically significant values
were found in certain regions, this did not affect
the overall height significantly.
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