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Abstract

Introduction: An understanding of the normal glenoid cavity morphometry is important in
corroborating the basis of luxation at the glenohumeral joint (GHJ). This study was carried
out to determine the morphomertic relationship of the glenoid cavity to joint stability and
device models to estimateglenoid cavity dimensions ofthe scapular boneof Nigerian origin in a
post-mortem skeletal state using selected angles and dimension Methods: A total of 200well-
macerated unpaired scapulacbone (96 right and 104 left) with complete ossification were used
for this study. Geometric measurements were taken using standard procedures. SPSS (IBM®
version 20) was used to analyze the data and the results of all measured parameters (for both
sides and total) were presented. Correlation was determined from the summation of the bilateral
measurement of; the superior (SSA), inferior (ISA) and medial (SVA) angles of the scapulae,
maximum height of the scapula (MHS), and maximum glenoid height and width (MGH and
MGW). Glenoid index (GI) was calculated by dividing MGW by MGH. Regression formulae
for estimation the glenoid cavity parameters were derived. Significance level was set at 95%
(P<0.05 was considered significant). Result: The mean Glwas calculated as 68.18+5.93% (with
min. and max. ratio of 54% and 87%respectively). Of the predictor variables for estimating
MGH and MGW, SSA was weakly (-) correlated (r<0.2; R?<0.1), MSH was averagely (+)
correlated (r<0.55; R?<0.3), while a strong (+) correlation was observed between the inter-
glenoid cavity dimensions (r=0.785; R*=0.617). Conclusion: Indices below 50% and above
89% are indications of possible GHJ problems.Using single measurements of various scapular
parts to estimate the glenoid cavityis possible.Distortion of the morphometric relationship that

exists between MGW and MGH is a clear pointer for glenohumeral luxation syndromes.
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Introduction

The glenoid cavity (G. socket) is a shallow pear
shaped', articular fossa located on the lateral angle
of the scapula which provides articular surface and
sitting for the head of the humerus. The shape of the
glenoid cavity and the glenoid labrum which deepens
it’gives it its most remarkable feature; as it precisely
stabilizes the humeral head in the center of the cavity
as well as allowing a vast range of movements®. This
balance of stability and mobility achieved by glenoid
cavity is as result of a combination of mechanisms
particularly its articulation; with its morphological as

well as morphometric arrangements playing a vital
role. In spite of the glenoid cavity’s lack of a deep
socket or isometric ligaments, the normal shoulder
accurately constrains the humeral head to the center
of the glenoid cavity throughout most of the arc
of movement*®. However, its small articulating
surface areas correlate with greater probability of
dislocation”®. The morphological implication of
the glenoid cavity in shoulder stability has been
extensively researched®”!°.There have also been
various findings about the scapular anthropometry,
kinanthroplogy and kinematics'""*.  Extensive
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investigations have been carried on the shape, size
and movements of the scapular in relation to the
movements at the shoulder joint>!, its correlation
to body size and stature'®* as well as upper limb
geometric measurements'>!7. An understanding of
the normal glenoid cavity morphometry is important;
since restoration of normal anatomy is the goal in
orthopedic surgery. Its basis in injury is of great
significance to sports medical professionals and its
anthropometry cannot be overlooked by anatomist
and medico-legal forensic experts. This knowledge
can provide insight into the medical basis of shoulder
dislocations and the anthropometric relationship
between the glenoid cavity and other scapular
geometric measurements will be useful in software
remodeling and reconstruction of damaged or
missing parts. This study was therefore carried out
to determine the morphomertic relationship of the
glenoid cavity to joint stability and to also device
models to estimate measurements of the glenoid
cavity of the scapular bone of Nigerian origin in a
post-mortem skeletal state using selected angles and
dimension.

Materials and methods

The study included 200 well-macerated unpaired
scapulae bone (96 right and 104 left) with complete
ossification; belonging to the Anatomy Museum
of selected Southern Nigerian Universities. The
age and sex of the donors of the specimens were
not determined and upon careful examination, the
scapulae did not present with any external deformity.
The glenoid cavity (Figure 1) and selected scapulae
angles and distance (Figure 2) werestudied.

Data collection

Dimensions of the glenoid cavity

To take the glenoid cavity dimensions, the scapulae
were tightly held in anatomical position by a standing
clamp; with the lateral border and the glenoid cavity
facing anteriorly. Using a sliding digital caliper
calibrated to 0.01mm, data were collected in line with
measurements protocol by Solanki’, Campobasso
et al"and Oladipoer al'®. Two (2) anthropometric
parameters were measured from the glenoid cavity;
maximum glenoidheight (MGH), maximum glenoid
width (MGW) and the glenoid index (GI) was
calculated by dividing MGW by MGH.

Selected scapulae angles and distance

In taking the angular and linear measurements,
the scapulae were placed on a plane A4 paper and
strategic edges of the scapula pinned on the drawing
board in anatomical position (that is; the dorsal
surface facing superiorly). The various points pined

were the superior angle (SSA), inferior angle (ISA)
and the sharpest edge at the origin or root of the
scapula spine (the spinovertebral angle - SVA) (Fig.
2a&b). Lines (A-B, A-D, B-C, C-D and A-C) were
traced from the various pined points on the paper
using a graphite HB pencil and the resultant angles
formed were measured using a protractor (Fig. 2a).

Guaranteeing  minimal  error  margin, the

measurements were repeatedly taken and the average

used as the value for each measured parameter.

Landmarks and guide for measurements

1. MGH:Maximum height of glenoid fossa (Fig
1. pt. G-H); formed from the maximum distance
between the superior border and the inferior
border of the glenoid fossa. The MGH is an
adjourning line from G-H.

2. MGW: Maximum breadth of glenoid fossa (Fig
1. pt. K-L); formed from the maximum distance
between the ventral border and the dorsal border
of the glenoid, usually around the midpoint of
the glenoid fossa. The MGW is an adjourning
line from K-L.

3. SSA: The angle (BAD) formed from the lines
(AD and AB) joining most superior point of the
scapular to the most medial point of the medial
border of the scapula (D); forming the superior-
medial border of the scapulae and an adjoining
line from the most inferior point of the glenoid
cavity (B) to the most pointed edge of the medial
border of the scapula (A) (Fig. 1a & b).

4. IVA: The angle (BCD) formed from the lines
(BC and CD) joining the points at the inferior
edge of the scapula (C) to the most medial point
of the medial border of the scapula (D); forming
the inferior-medial border of the scapulae and an
adjoining line from the most inferior point of the
glenoid cavity (D) to the most pointed inferior
part (C) (Fig. la & b).

5. SVA: The angle (BDD) formed from the line
(AD and CD) joining most superior point of the
scapular to the most medial point of the medial
border of the scapula (D) and an adjoining line
from the most inferior point of the scapular (C)
to the edge of the medial border of the scapula
(D) (Fig. la & b)'8.

6. MSH:(Fig 2 pt. A-B) maximum distance
between the most superior point and the most
inferior point of the scapula (that is; superior
angle to inferior angle).
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Figure 1: The landmark of the measured glenoid dimensions
(line GH; Maximum glenoid Height, KL; Maximum

Glenoid Width. Glenoid Index (GI) = %

Figure 2: a. The measured angles; SVA (4DC) SSA

(BAD) ISA (BAD) and MSH (4AC) landmarks b.

Borders of the scapula forming the various angles

(line AB; superior border, BC; lateral border, AD;

superiormedial border, DC; inferior medial border

and AC; Maximum height).'®

Data analysis

The Data obtained from the measurements were

analyzed using Statistical Package for Social

Sciences (SPSS IBM®) version 20 and the following

analytical methods were employed.

I. Descriptive statistics: Use of central tendency
and deviations to describe the basic features of
the data in this study. The data from this analysis
is represented in mean (%), standard deviation
(S.D) and standard error (S.E).
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II. Analysis of mean difference: Z-test of wasused
to test the probability that an observed variable
is different from and/or dependent on another
variable.

III. Correlation Analysis: Pearson’s correlation
was used to determine the relationship between a
dependent variable and one or more independent
variables. A model of the relationship was
hypothesized, and estimates of the parameter
values were used to develop an estimated
regression equation.

Ethical Considerations

Ethical clearance was sort from the Research Ethical

Committee of the University of Port Harcourt.

Authentication of anatomical models obtained from

the various institutions were also sort. Other statutory

research standards were strictly adhered to.

Results

Measurements related to glenoid cavity dimensions

and the scapular geometry were documented in Table

1. The values observed were presented as mean+S.D

for both sides of the scapula with significant

differences indicated as asterisks.

Side comparison

The mean + S.D of the SSA was observed to be 94.02

+7.68°(R=94.36+£8.01°and L=93.76 + 7.45°), ISA;

52.21+£4.10° (R=51.23+4.04°, L=52.70 £ 5.21°), and

SVA; 136.88+7.70° (R = 138.13 £ 7.06°: L=135.92

+ 8.05°), MSH; 143.80 + 13.84mm (R= 144.54 +

11.84mm, L = 143.24 + 15.24mm), MGH; 36.87 +

3.94mm (R = 37.71 £ 4.24mm, [L=36.22+3.58mm),

MGW; 25.15 + 3.60mm (R=26.20 + 3.30mm, L =

24.35 + 3.64mm). The glenoid index was calculated

as 69.59+5.53 (R=67.11 + 6.03, L=68.18 + 5.93).

The difference between the left and right sides of the

scapula was significant for ISA, MGH, MGW and GI

(P<0.05). No significant difference was observed for

SVA, SSA and (P>0.05).

Side distribution of the glenoid index (GI)

In Table 2, significant difference in distribution

of GI with respect to sides (left and right sides of

the scapula) were observed; with the right having

a significant higher GI (70-79%) by proportion

(P<0.01) while the left was dominant with a lower

GI (60-68%). The GI index between 50-59% and

80-89% were also unevenly distributed; but the

observed differences were not significant (P>0.05).

In total, 87% of the studied glenoid cavity seemedto

have index 0f60-80% whichcould be regarded as the

morphometric safe index (MSI).
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Correlation of scapula measurements with glenoid
dimensions

In Table 3, Correlation indexes were not statistically
significant for ISA and SVA (P>0.05).Of the predictor
variables evaluated for estimating MGH and MGW,
SSA was weakest(negatively correlated)with MGH

0.184, R>=0.034; P=0.015);MSH was averagely (+)
correlated with MGH (r=-0.518, R>=0.268; P<0.001)
and MGW (r=-0.485, R?=0.235; P<0.001), while
a strong (+) correlation between the inter-glenoid
cavity dimension (MGH vs MGW) was recorded
(r=0.785; R*=0.617; P<0.001).

(r=-0.192, R?>=0.037; P=0.011) and MGW (r=-
Table 1: Descriptive Statistics of the measured parameters of the scapulae

e MEA}I{\&SD MEAlliliSD MEgLiED
Maximum glenoid height (MGH) (mm) 37.71+£4.24%* 36.2243.58 36.87+3.94
Maximum glenoid width (MGW) (mm) 26.204£3.30%** 24.35+3.64 25.154+3.60
Glenoid Index (GI) (%) 69.59+£5.529%* 67.11+6.031 68.18+5.93
Spinovertebral angle (SVA) (°) 136.80+14.70 135.92+8.05 136.30+11.39
Superior scapula angle (SSA) (°) 94.36+8.01 93.76+7.45 94.02+7.68
Inferior scapula angle (ISA) (°) 51.23+4.04 52.70+5.21%* 52.21+4.10

Maximum scapula height (MSH) (mm) 144.54+11.84 143.24+15.24 143.80+13.84
Note: the side with the asterisk is significantly greater than the other; at *P<0.05, **P<0.01
Table 2: Percentage distribution of the glenoid index

RIGHT SIDE (RT)

LEFT SIDE (LT) TOTAL

Glenoid Index (GI) " N 0 N o PER SSIEE AGE
49% - - - - - - -
50-59% 5 5 11 11 16 8 8% (N.S)
60-69% 39 41 58* 56 97 48.5
87% (S)
70-79% 47** 49 30 29 77 38.5
80-89% 5 5 5 5 10 5 5% (N.S)
>90% - - - - - - -
TOTAL 96 100% 104 100% 200 100%

Note: Side with the asterisk is significantly greater than the other, at *P<0.05, **P<0.01. N.S, Not Safe, S, Safe
Table 3: Pearson’s correlations analysis

Maximum glenoid height (MGH) Maximum glenoid weight (MGW)
Geometric measurements

r R? P-value Inference r R? P-value Inference
Superior angle (SSA) -0.192  0.037  0.011 Sig -0.184 0.034  0.015 Sig
Inferior angle (ISA) -0.146  0.021 0.056 Not Sig | -0.146 0.018  0.056 Not Sig
Spinovertebral angle (SVA) 0.067 0.005  0.380 Not Sig 0.121 0.015  0.111 Not Sig
Maximum scapular height 0.518 0268 <0.001 Sig 0485 0235 <0.001 Sig
(MSH)
Maximum glenoid width .
(MGW) 0.785 0.617 <0.001 Sig - - - -

Note: r = Pearson's correlation coefficient; R’ =Coefficients of determination
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Regression formula for estimation of MGH and
MGW

Predictor 1 (SSA)

I. MGH(mm)=46.127 - 0.0985 SSA (°)

(R?=0.037)
II. MGW(mm) =33.261 - 0.0863 SSA (°)
(R?=0.034)
Predictor 2 (MSH)
I. MGH(mm) = 15.693 + 0.1472 MSH (mm)
(R?=0.268)
II. MGW(mm) =7.004 + 0.1262 MSH (mm)
(R?=0.235)

Inter-glenoid dimension prediction
I. MGH(mm) = 15.271 + 0.8586 MGW (mm)

(R?=0.617)
y=-0.098x +46.12 y =-0.086x + 33.26
R?=0.036 R?=0.033
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Figure 3A-E: Scatter plot of the glenoid cavity dimen-
sions and scapula geometric measurements with regres-
sion equations. A, MGH against SSA; B, MGW against
SSA; C, MGH against MSH; D, MGW against MSH; and
E, MGH against MGW
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Discussion

The present study geometrically investigated the
scapular with kin interest in the glenoid cavity
morphometry in the bid to explain glenohumeral
joint (GHJ) stability and predict the glenoid
cavity dimensions form some selected scapular
measurement.

Asymmetric observation and implication

In the present study, the observed side difference in
some morphometric and geometric measurements of
the scapula is an indicator of asymmetry; which may
proffer anthropometric explanations to the theories
of limb/hand preference or dominance. Although
various authors such as Steele!®, Cashmore®® and
Corballis*® have associated limb reference to
brain lateralization, Bracciniet al** and Hopkins®
explained handedness as an evolutionary trends
(transition from quadripedalism to bipedalism)
with a 90% right hand bias. However, some
neuroanatomist; Pascual-Leone?, Laughlin and
Sejnowski** and Pascual-Leone et al*° believed that
the brain has the capability to adjust (brain plasticity)
to the choice of the limb or hand. Form observations
in this study, it will not be overambitious to state that
the preferred scientific explanation to handedness
points at anthropometry. Also, the findings of this
present study contradict the suggestion of Buikstra
and Ubelaker”’; on the assumption of equality of the
sides of the scapula in the event that any of the sides
is absent.

Glenoid cavity dimension and scapular geometry
The mean glenoid height documented in this study fell
within the range (35.1 to 39 mm) reported by lannotti
et al ®, Sharkey et al.”®, Checrounet al.’*® and Kwon
et al. *'; while other authors reported widths ranging
from 23.6 to 28.3 mm'**"** which still accommodated
the mean values observed in this study.

From investigation of the relationship between
human anatomical parts, irregularly shaped
structures do provide significant estimate for other
regular anatomical parts. Therefore it is scientifically
greetedto document as much as possible; any
significant correlation that exists between these
structures. In this study, the best predictor; MSH
had a low positive correlation whereas the inter-
glenoid correlation (between MGH and MGW)
was significantly high. The significant positive
correlation suggests that MGW should increase
with a proportionate increase in the MGH. Positive
correlation between the glenoid cavity dimensions
and scapular geometry have been reported by
Polgujet al.'” These relationships are essential for



Morphometry of the glenoid cavity and its correlation with selected geometric measurements of the scapula

MGH (mm) MGW (mm) GI (%)
46.97 T 35.00 87
36.87+3.94  ------- 25.1543.60 68.18+5.93
DL J— 17.80 Sk

Figure 4: Morphometric description and relationship of the glenoid cavity. MGH, Maximum Glenoid Height,

MGW, Maximum Glenoid Width, GI, Glenoid Index.

r{ Head of Humerus ﬁ
“" ".. o e
. .
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Labrum 4

Cartilage 4~

Glenoid Bone

Figure 5: Schematic illustration of glenohumeralmorphometry(I) B Balance Stability Angle; C, Glenoid Center line;
line xy, Effective Glenoid Arc; line AB, Glenoid Width; (IT) B, Reduced Stability Angle; Y, Lost Angle; Z, Lost

portion of glenoid cavity and reduced glenoid arc

part reconstruction and comparison.

Glenoid cavity morphometry and its functional
significance

The positive correlation that exists between the
MGH and MGW (R?=0.617) is indicative of the
structural design for proper fitting of the labrum
and maximum placement of the humeral head at its
center.The relationship between the glenoid cavity
dimension and shape is very crucial in understanding
physiologic and pathological luxation of the
glenohumeral joint (GHJ). It could be deduced that
the higher the difference between the MGH and
MGW (that is; MGH > 2.5xMGW) the lower the
glenoid index (GI) and the narrower the cavity; thus

a suggestionof possible GHJ problems. Gltowards
50% and lowerimplies a smaller MGW to MGH
ratio and the balance arc of glenoid cavity would
be distorted and may not properly accommodate the
humeral head. On the other hand, G.I towards 80-
89% and above is an indication of rounded glenoid
cavity which would be a deviation from the ovaly
shaped cavity; consequently altering the upper
margin of the cavity which give room for attachment
of the long head of the bicep tendon and thus creating
susceptibility to upward luxation. Nevertheless,
this postulation would take a different toll if the
humeral head dimensions correlate highly with the
glenoid cavity morphometry; thereby compensating
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for the marked index difference. However, one
may be careful to also observe that the humeral
head is hemispheriodal® in shape and any marked
deviation would have been associated with clinical
or pathological condition(s).

There is no doubt that the glenoid labrum may
enhances glenoid fossa depth to about 50%%.
However, glenohumeral stability is the ability to
maintain the humeral head centered in the glenoid
fossa and this to a large extent is dependent on
the relationship of the glenoid cavity dimensions
and not the labrum as often postulated.The labrum
(static mechanism) provides only about 10 to 20%
of stabilization forces**** while the dynamic (active)
mechanisms compensate for the remaining 80-90%%.
With reference to the schematic illustration in Fig.
5(I), it is assumed that the non-pathological glenoid
cavity (MGW) had an initial measurement from
point A to B. However, with some clinical conditions
and injuries such as; congenital deficiency (glenoid
hypoplasia), Bankart defects* or excessive wear’’*,
the balance stability angle decreased with narrowed
width (as illustrated in Fig. 5(II)) of the glenoid cavity,
resulting to glenoid insufficiency. The glenoid index
and correlation is the proportionate relationship that
exists between the MGH and MGW, and therefore

very significant in understanding the morphometric
role of glenoid cavity in GHJ stability.

Conclusion

This study hassuccessfully documented the possibility
of estimating the glenoid cavity dimensions from
other geometric measurement of the scapular. It has
also postulated that the glenoid cavity stability is to
a reasonable extent associated with the relationship
between glenoid cavity dimensions (glenoid index)
than to the labrum. Indices below 50% and above
89% are indications of possible GHJ luxation.
Recommendation

This  study strongly recommends  further
investigations be carried out in other populations
with the inclusion of 3-D morphometric relationship
between the humeral head and the glenoid cavity
dimensions.This will broaden the knowledge of GHIJ
stability from an anthropometric perspective.
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