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ABSTRACT 
Background: Glenoid cavity morphometry underlies the sizing of prosthetic glenoid components in 
shoulder arthroplasty and carries independent forensic value, yet reference values are well 
documented to vary between populations and between neighbouring regions within India. No dry-
bone morphometric dataset previously existed for the Malwa region of Madhya Pradesh. 
Objective: To determine the linear dimensions, glenoid cavity index, shape distribution, and surface 
area of the glenoid cavity in adult dry scapulae from Central India, and to compare findings with 
published national and international series. 
Methods: An observational, cross-sectional osteometric study examined 150 fully ossified adult dry 
scapulae (75 right, 75 left) using a dual-examiner, triplicate-measurement protocol. Supero-inferior 
(SI) and antero-posterior (AP-D1, AP-D2) diameters, glenoid cavity (GC) index, shape 
(pear/oval/inverted-comma), and surface area were recorded. Side-wise comparison used the 
independent t-test or Mann-Whitney U test; shape distribution used the chi-square test; one-way 
ANOVA compared GC index across shape categories. 
Results: Mean SI diameter was 36.22 ± 1.71 mm and mean GC index was 67.08 ± 5.21% (range 55.08-
81.18%). The pear shape predominated (51.3%), followed by oval (25.3%) and inverted-comma (23.3%) 
configurations. No parameter differed significantly between sides (all p > .05), and GC index did not 
differ significantly across shape categories (F(2,147) = 0.733, p = .482). 
Conclusion: Glenoid dimensions in this Central Indian population are bilaterally symmetrical and 
broadly consistent with, yet numerically distinct from, other published Indian series, supporting the 
need for regionally specific reference data in prosthesis design and forensic identification. 
 
Keywords: Glenoid Cavity, Morphometry, Scapula, Glenoid Cavity Index, Shoulder Arthroplasty, 
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INTRODUCTION 

The glenoid cavity of the scapula is the principal 

determinant of native glenohumeral stability 

and the seating surface for every prosthetic 
glenoid component implanted in total and 

reverse shoulder arthroplasty9. Because the 
glenoid articulates with only a fraction of the 

disproportionately larger humeral head7, its 

size, shape, and derived indices carry direct 
consequences for implant sizing, and mismatch 

between prosthetic and native glenoid 
geometry is a recognised cause of component 

malposition and early loosening10. 

The glenoid cavity index (antero-posterior 
diameter ÷ supero-inferior diameter × 100) 

and the three-category shape classification 
(pear, oval, inverted-comma), based on the 

presence and configuration of the glenoid 

notch, remain the most widely reported 
summary descriptors in the comparative 

literature, building on a descriptive tradition of 
using scapular ratios as comparative anatomical 

characters dating to the nineteenth century12, 

and formalised in cadaveric reference studies 
establishing normative humeral head-glenoid 

relationships7-8. A substantial body of Indian 
dry-bone literature has documented genuine 

inter-regional variability in these parameters, 

with reported glenoid cavity index values 
ranging from approximately 63% to 73% 

across series from Uttar Pradesh1, Western 
Rajasthan2, Karnataka3, Odisha4, and Bihar6, 

extending further to series from Gujarat21, 
Andhra Pradesh17, Telangana18, and other 

Indian regions16,19-20,22, as well as 

internationally in Bangladesh5, Egypt23, 
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China15,25, and Japan26. This body of work has 

been consolidated in reviews of glenoid 
morphology and its clinical significance24. 

Despite this expanding literature, no dedicated 
dry-bone morphometric study of the glenoid 

cavity had previously been conducted in the 

Malwa region of Madhya Pradesh, a region with 
substantial and growing tertiary orthopaedic 

care infrastructure. This study was undertaken 
to generate a quality-controlled, population-

specific reference dataset for this region and to 
interpret it against the existing national and 

international literature. 

 
MATERIALS AND METHODS 
Study Design and Specimens 

This observational, descriptive, cross-sectional 
osteometric study examined 150 fully ossified, 

intact adult human dry scapulae (75 right-

sided, 75 left-sided) from the departmental 
bone bank and osteology museum, Department 

of Medical Anatomy, Index Medical College, 
Hospital and Research Center, Indore. Sample 

size was estimated using the continuous-data 

variant of the standard formula for estimating a 
population mean with specified precision27 

(Zα/2 = 1.96, σ = 3.5-4.6 mm based on 
published Indian series, d = 1 mm), yielding a 

minimum requirement of 55-80 specimens; a 

target of 150 was set to remain consistent with 
comparable published series2,4-5 and was 

achieved in full. Scapulae with unfused 
epiphyses, gross pathology, fracture, 

osteophyte formation, or ambiguous laterality 
were excluded. Institutional Ethics Committee 

clearance was obtained; as the specimens were 

previously accessioned, unclaimed osteological 
material, individual informed consent was not 

applicable. 
 
Measurement Protocol 

Using a digital Vernier caliper (least count 0.01 
mm) and osteometric board, the following 

parameters were recorded in triplicate by two 

independent examiners: supero-inferior (SI) 

diameter, the maximum distance between the 

most superior and inferior points of the glenoid 
articular margin; antero-posterior diameter 

above (AP-D1) and below (AP-D2) the glenoid 
notch; and maximum scapular length and 

breadth. The glenoid cavity (GC) index was 

calculated as (AP diameter ÷ SI diameter) × 
100. Glenoid shape was classified as pear-

shaped (distinct notch), inverted-comma-
shaped (indistinct notch), or oval (absent 

notch)13-14 by consensus of two observers, with 
a third senior observer adjudicating 

disagreement. Glenoid surface area was 

estimated by digital planimetric tracing of 
calibrated photographic images (ImageJ 

v1.54). Any inter-observer discrepancy 
exceeding 5% of the mean value triggered 

repeat measurement. 

 
Statistical Analysis 

Data were analysed in SPSS v26.0. Normality 

was assessed with the Shapiro-Wilk test. 
Continuous variables are expressed as mean ± 

SD and range. Right-left comparisons used the 
independent-samples t-test (or Mann-Whitney 

U test where normality was not met); glenoid 

shape distribution by side was compared using 
the chi-square test; GC index across shape 

categories was compared using one-way 
ANOVA. Pearson correlation examined 

associations between glenoid and scapular 
parameters. Two-tailed p < .05 was considered 

significant throughout. 

 
RESULTS 

All 150 specimens (75 right, 75 left) met 

inclusion criteria. Descriptive statistics for all 
linear and derived parameters are presented in 

Table 1. Mean SI diameter was 36.22 ± 1.71 
mm (range 32.78-40.98), mean AP-D1 was 

22.73 ± 1.52 mm, mean AP-D2 was 24.24 ± 

1.45 mm, and mean GC index was 67.08 ± 
5.21% (range 55.08-81.18%). Mean glenoid 

surface area was 632.82 ± 47.29 mm².

 
Table 1. Descriptive Statistics of Glenoid Cavity and Scapular Morphometric Parameters (N = 150) 

Parameter n M SD Min Max 

SI diameter (mm) 150 36.22 1.71 32.78 40.98 

AP-D1 — above notch (mm) 150 22.73 1.52 18.87 26.49 

AP-D2 — below notch (mm) 150 24.24 1.45 20.81 28.03 

Glenoid cavity index (%) 150 67.08 5.21 55.08 81.18 

Surface area (mm²) 150 632.82 47.29 519.07 772.47 

Scapular length (mm) 150 136.03 6.57 119.49 159.99 

Scapular breadth (mm) 150 98.17 5.29 85.43 111.04 

Note. SI = supero-inferior; AP = antero-posterior. 
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Right-left comparison of all parameters is shown in Table 2. No parameter differed significantly between 
sides (all p > .05), and effect sizes were uniformly small (Cohen's d = 0.085-0.232). 

 
Table 2. Side-Wise Comparison of Glenoid and Scapular Parameters 

Parameter Right (n=75) Left (n=75) Test p d 

SI diameter (mm) 36.33 ± 1.82 36.11 ± 1.60 t = 0.801 .424 0.131 

AP-D1 (mm) 22.90 ± 1.44 22.57 ± 1.60 t = 1.299 .196 0.212 

AP-D2 (mm) 24.40 ± 1.38 24.09 ± 1.51 U = 3077.5 .320 0.213 

GC index (%) 67.31 ± 5.01 66.86 ± 5.42 t = 0.519 .604 0.085 

Surface area (mm²) 638.29 ± 49.58 627.35 ± 44.55 t = 1.422 .157 0.232 

Note. d = Cohen's d. None of the ten parameters examined reached statistical significance. 
 

Figure 1. Frequency Distribution of Glenoid Cavity Shape in the Total Sample (N = 150). 

 
 
The pear shape predominated (51.3%), 

followed by oval (25.3%) and inverted-comma 
(23.3%) configurations (Figure 1). Shape 

distribution did not differ significantly by side 

(χ²(2, N = 150) = 5.514, p = .063), although 
the right side showed a numerically higher 

proportion of inverted-comma shapes (28.0% 
vs 18.7%). GC index did not differ significantly 

across shape categories (pear 67.48 ± 4.82%, 

oval 66.23 ± 5.41%, inverted-comma 67.15 ± 

5.81%; F(2,147) = 0.733, p = .482). 
Correlation analysis found no significant 

association between GC index and scapular 

breadth (r = -0.090, p = .272) or scapular 
length (r = -0.035, p = .668); a regression of 

GC index on scapular breadth explained under 
1% of variance (R² = 0.0082, p = .272). 

 
Figure 2. Mean Supero-Inferior and Antero-Posterior Glenoid Diameters by Side, With Error Bars 

Representing ±1 SD. 
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Table 3. Comparative Glenoid Cavity Index and Predominant Shape Across Indian and South Asian Dry-
Bone Series 

Study (population) n 
GC index — 

right 
GC index — left 

Predominant 
shape 

Present study (Malwa, M.P.) 150 67.31 ± 5.01% 66.86 ± 5.42% Pear (51.3%) 

Singh (2020)¹ (North India) — 72.16% 68.14% Pear 

Philip & Dakshayani (2018)³ 

(Mysore) 
100 68.05 ± 4.87% — Pear (65.3%) 

Kataria et al. (2022)² (W. 
Rajasthan) 

120 64.57 ± 6.91% 68.33 ± 6.29% Pear 

Latif et al. (2024)⁵ 

(Bangladesh) 
150 62.89 ± 4.39% 64.61 ± 4.74% Pear (45.2%) 

Kumar et al. (2024)⁶ (Bihar) 120 68.82 ± 10.33% — Pear 

Note. En-dashes indicate values not separately reported by side in the cited source 

 
DISCUSSION 

The mean GC index of 67.08 ± 5.21% recorded 

here occupies a position broadly midway within 
the range reported across the Indian and South 

Asian literature (Table 3), closely comparable to 

the North Indian1 and Bihar6 values, modestly 
higher than the Western Rajasthan value2, and 

higher still than the Bangladeshi value5. This 
ordering is consistent with the well-

documented pattern of inter-regional variability 
in glenoid proportions across the Indian 

subcontinent1-2, reinforcing the principle that 

morphometric reference values cannot be 
safely extrapolated from one region to another. 

The pear shape predominated in the present 
sample (51.3%), replicating the single most 

consistent finding across the international 

glenoid morphometric literature1-5. A recently 
proposed five-category CT-based classification, 

derived from three-dimensional reconstruction 
in a Chinese population15, subdivides the 

traditional pear and oval categories further; the 

present three-category dry-bone classification, 
consistent with the majority of the Indian 

literature13-14, should accordingly be read as a 
coarser, though clinically and forensically 

informative, grouping. 
No statistically significant right-left difference 

was found for any parameter, consistent with 

the specific bilateral comparison reported for a 
North Indian population1 and with radiological 

evidence of excellent glenoid side-to-side 
symmetry. This finding supports pooling of side 

for reference-value generation and indicates 

that side need not be treated as a stratifying 
variable in prosthesis sizing or forensic 

applications drawn from this population. 
Similarly, the near-zero correlation between 

glenoid dimensions and scapular size, 
consistent with comparative population studies 

showing that morphological differences are not 

reducible to a uniform scaling factor25-26, 

indicates that glenoid geometry cannot be 

inferred from gross scapular size or body 
habitus and must continue to rely on direct 

measurement for arthroplasty planning, since 
mismatch between prosthetic and native 

glenoid geometry - including pathological 
version change of the kind systematised in the 

Walch classification of osteoarthritic glenoid 

erosion - remains a recognised cause of 
component malposition and early loosening10-

11. 
Beyond its surgical relevance, glenoid and 

scapular morphometry retains established 

forensic value for the estimation of side and, in 
combination with other skeletal parameters, 

sex from fragmentary remains28-29. The present 
dataset extends this evidentiary base to the 

Malwa region specifically, although the absence 

of a significant bilateral asymmetry here 
suggests that side estimation from an isolated 

fragment should rely on multivariate 
combinations of parameters rather than any 

single diameter. 
 
Limitations 

Age and sex of individual specimens were 
unknown, precluding stratified analysis. 

Findings derive from a single institutional bone 

bank and may benefit from future multi-centric 
validation. Dry-bone measurement, while 

validated against CT-based measurement in 
prior work30, does not capture living soft-tissue 

relationships. 

 
CONCLUSION 

This study provides the first dry-bone 

morphometric reference dataset of the glenoid 
cavity from the Malwa region of Madhya 

Pradesh. Glenoid dimensions were bilaterally 
symmetrical and independent of scapular size, 
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and the predominant pear shape and mid-range 

glenoid cavity index were broadly consistent 
with, yet numerically distinct from, other Indian 

series. These findings support population-
specific reference data as a precondition for 

safe glenoid component sizing in shoulder 

arthroplasty and provide baseline data of 
forensic value for this region. 
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