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Purpose: Shoulder prostheses designed and used around the world may not fit an Asian shoulder. Normal shoulder morphology in
Asian population had been reported, ie, Chinese, Indian, Japanese, and Thai populations, but no data from the Indonesian population.
The aim of this study was to evaluate the three-dimensional (3D) morphology of the glenohumeral joint in the normal Indonesian
population, identify its normal values, and compare them with those of other populations in the literature.

Patients and Methods: Images for analysis were computed tomography (CT) scans of 85 normal shoulders from 71 patients who
had CT scans for another diagnosis. Morphometry of the humeral head and glenoid were measured using 3D reconstruction. Gender
differences and correlations between age, height, and glenohumeral morphometry were evaluated. Indonesians’ glenohumeral
morphometry was compared with those of other populations in the literature.

Results: In the normal Indonesian population, the mean of humeral head inclination (HHI), height (HHH), diameter in sagittal plane
(DS), diameter in frontal plane (DF), radius of curvature in sagittal plane (RS), and radius of curvature in frontal plane (RF) were
134.1°, 15.6mm, 39.3mm, 41.3mm, 20.4mm, and 21.4mm, respectively. The glenoid height (GH), upper width (GUW), lower width
(GLW), inclination (GI), and version (GV) mean values were 34.2mm, 18.4mm, 24.5mm, 74.0mm, and 12.3mm, respectively. There
was a significant difference in HHH, DS, DF, RS, RF, GH, GUW, GLW between males and females. Except for HHI and GI,
glenohumeral morphometry was correlated with patient height. Age was not correlated with any glenohumeral morphometry.
Conclusion: In the Indonesian population, males had a larger humeral head and glenoid than females, and the size of the humeral
head and glenoid was correlated to body height. Indonesians’ humeral head and glenoid sizes were smaller than those of Western
populations, but close to those of other Asian populations.
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Introduction

Shoulder arthroplasty as a treatment option for shoulder pathologies is gaining popularity for the last few decades. In the
United States, the number of total shoulder arthroplasty procedures has increased by 1373% from 1997 to 2016, and it is
estimated to continue increasing.' Prosthetic design plays an important role in improving the clinical outcomes of
shoulder arthroplasty. The design of the shoulder prostheses must consider the normal anatomical morphology of the
glenohumeral joint itself in order to restore normal shoulder function. Studies using three-dimensional (3D) geometry
and morphology of the normal human glenohumeral shoulder in different races showed that there were racial differences
in glenohumeral dimensions.”® Shoulder prostheses, which are designed based on European and American populations,
had been reported not to fit Asian shoulders.>”” There is also no guarantee that shoulder prostheses, which were

designed using other Asian populations’ morphometry, will be suitable for Indonesian shoulders.
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Normal shoulder morphology in Asian population had been reported for Chinese’ *, Japanese™'’, Thai® and Indian®
populations. However, the details of the normal glenohumeral joints in Indonesian population have not been reported.
The aim of this study was to evaluate the three-dimensional (3D) morphology of the glenohumeral joint in the normal
Indonesian population, identify its normal values, and compare them with those of other populations in the literature. The
hypothesis was that the normal value of Indonesian glenohumeral morphometry were smaller than Western populations,
but close to other Asian populations.

Materials and Methods

Images for analysis were collected from computed tomography (CT) scans of patients with normal shoulder who
underwent chest CT scans for other medical reasons at Dr. Soetomo General Hospital Surabaya, Indonesia. Only chest
CT scans with fully visualized shoulder joints were included in this study. Subjects with past illnesses, injuries,
deformities, or degenerative processes of the shoulder joint were excluded. Patient characteristics such as gender, age,
weight, height, and medical diagnosis were collected from medical records.

High-resolution CT (HRCT) of the chest was performed using a 64-slice MDCT scanner. Thin-slice images were
obtained and post-processed in a high-spatial-frequency algorithm for bone multi-planar reconstruction. Ford and
Decker’s'' study discovered that when attempting 3D reconstructions of anatomical features or other fine details,
a maximum slice thickness of 1.25 mm is recommended. This standard requirement has been fulfilled in our study
since the slide thickness in HRCT of the chest ranged between 0.625-1.25 mm.'? Glenohumeral morphometry was
measured using 3D reconstruction of the shoulder joint. The study protocol was approved by the Health Research Ethics
Committee of our hospital (certificate number: 1724/KEPK/X11/2019).

Morphometry Measurement
Humeral head morphometries evaluated in this study were humeral head height, inclination diameter in frontal and
sagittal planes, and radius of curvature in frontal and sagittal planes. Humeral head height (HHH) was defined as the
distance between the humeral head base at the anatomical neck and the furthest point from it at the humeral head articular
surface (Figure 1A).

Humeral head is not a perfect sphere, and there is a mismatch in the frontal and sagittal planes.””'*>~'> The Humphrey

etal'?

study found that the elliptical shape of the base of the humeral head seemed to elongate in the frontal plane as head
size increased. Humeral head diameter was defined as the diameter of the humeral head at its base. Superior-inferior
distance was measured in the frontal plane (DF), while the anterior-posterior distance was measured in the sagittal plane
(DS) (Figure 1B).

Radius of curvature was defined as a line drawn from the center of the humeral head to the furthest point on the
humeral head surface. Radius of curvature was also measured in the frontal (RF) and sagittal (RS) planes. Humeral head
inclination (HHI) is the angle between the humeral head axis and the humeral shaft axis. The humeral head axis is a line
drawn perpendicular to the anatomical neck plane, while the humeral shaft axis is a best-fit line through the center of the
humeral shaft.

Glenoid morphometries in this study were glenoid inclination, height, width, and version. Glenoid height (GH) was the
distance between the highest and the lowest point on the glenoid (Figure 2A). Various shapes of the glenoid cavity made the
anterior-posterior distance between the upper half and the lower half of the glenoid cavity were different. This study used
glenoid upper and lower width terms to measure those distances. Glenoid upper width (GUW) was defined as the anterior-
posterior distance of the upper half of the glenoid cavity at the midpoint between the mid-equator and the superior edge.
The maximum width of the glenoid cavity was usually found in the lower half part and not always in the midpoint between
the mid-equator and the inferior edge. This is why the glenoid lower width (GLW) was defined as the maximum distance
between the most anterior and most posterior points in the lower half of the glenoid cavity.

Many different methods were used to measure both the glenoid inclination and the glenoid version. In our study, the
glenoid inclination (GI) was measured using the B angle, which was the most reproducible measurement for glenoid
inclination as described by Maurer et al'® The p angle was defined as the angle between a line connecting the superior-
inferior glenoid edges and a line drawn through the floor of supraspinatus fossa (Figure 2B). The glenoid version (GV)
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Figure | Humeral head measurement in (A) Frontal plane, and (B) Sagittal plane.
Abbreviations: HHH, humeral head height; DF, humeral head diameter in frontal; O, center of humeral head; RF, radius of curvature in frontal plane; HHI, humeral head
inclination; HHA, humeral head axis; and HSA, humeral shaft axis; DS, humeral head diameter in sagittal plane; RS, radius of curvature in sagittal plane.

1'® method, which was the most common method used to measure the glenoid

was measured using the Friedman et a
version. The glenoid version was defined as an angle between a line connecting the anterior-posterior glenoid edges and
a line perpendicular to the scapula axis (Figure 2C). The scapula axis was a line connecting the tip of the medial border

of the scapula to the center of the glenoid cavity.

Statistical Analysis

Statistical analysis was performed using the SPSS Statistics 25 Software for Windows. The normality test was performed
using Kolmogorov—Smirnov tests to examine the distributions of all parameters. Differences between males and females
were analyzed using the Student’s 7-test if the data was normal, otherwise, Mann—Whitney U was used. Correlations
between patients’ height, age, and shoulder morphometry were analyzed using the Spearman test. The significance level
was set at 0.05 for all analyses.

Results
CT scans of 85 normal shoulders from 71 patients met the criteria and included in this study. The mean age of the
subjects was 57.8 years, the mean height was 163.9 cm and the mean weight was 63.8 kg. Patients’ demographics are
shown in Table 1.

The means of HHH, DS, DF, RS, RF, and HHI were 15.6 £ 1.1mm (range, 13.3—18.5) mm, 39.3 £ 2.4mm (range,
34.0-45.9), 41.3 + 3.5mm (range, 33.6-50.9), 20.4 + 1.5mm (range, 17.0-24.6), 21.4 + 1.9mm (range, 17.3-26.5),
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Figure 2 Glenoid measurement.

Notes: (A) Glenoid cavity parameters from lateral view: GH, GUW, and GLW. (B) Glenoid inclination (Gl) was measured using S-angle. (C) a-angle represents glenoid
version (GV)'S'I7

Abbreviations: GH, glenoid height; GUW, glenoid upper width; GLW, glenoid lower width.

and 134.1° = 0.8° (range, 131.9-135.9), respectively. This study showed that the humeral head diameter in the
frontal plane (DF) was longer than its diameter in the sagittal plane (DS). Radius of curvature in the frontal (RF)
was also longer than its radius in the sagittal plane (RS). The mean of GH, GUW, GLW, and GI were 34.2 + 3.4mm
(range, 28.8-41.8), 18.4 + 2.2mm (range, 13.8-24.0), 24.5 £ 2.8mm (range, 19.5-31.7), and 74.0 °+ 1.0° (range,
71.4-76.8), respectively. The average Indonesian glenoid version was 12.3 + 1.2° (range, 9.5-15.6) retroversion.
Details about the humeral head and glenoid morphometry are shown in Table 2.

Kolmogorov—Smirnov tests showed normal distribution only for HHI and GUW. Thus, comparison and correlation
studies were performed using Mann—Whitney U-test and Spearman test. Comparison studies between males and females
showed significant differences for glenohumeral dimensions such as HHH (p<0.001), DS (p<0.001), DF (p<0.001), RS

Table | Demographic Data in Subjects

Parameter Classification Total Percentage (%)
Gender Male 25 352
Female 46 64.8
Age < 30 years | 1.4
3140 years 4 5.6
41-50 years I 15.5
51-60 years 24 338
61-70 years 25 35.2
>70 years 6 85
Shoulder Evaluation | Right 41 57.8
Left 16 225
Both 14 19.7
Diagnosis Lung Ca 32 45.1
Breast Ca 10 14.1
Lung Metastasis | 13 18.3
Lung TB 6 85
Others 10 14.1
462 https: Orthopedic Research and Reviews 2022:14
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Table 2 Humeral Head and Glenoid Morphometry in Normal Indonesian Adults

Parameter Mean = SD Gender Difference
Total Male Female p value
Age, years 57.8 £ 9.9 (28-77) 56.3 + 10.0 | 58.6 + 9.9 0.595
Weight, kg 63.8 + 6.0 (55-79) 66.2 + 6.4 62.6 £53 0.015%
Height, cm 163.9 + 6.0 (150-175) 1655 + 6.5 | 163.1 £5.0 0.105
Humeral Head
Height (HHH), mm 15.6 1.1 (13.3-18.5) 165 £ 0.7 15.1 £0.9 <0.001*
Diameter in Sagittal Plane (DS), mm 39.3 £ 2.4 (34.045.9) 413 % 1.6 383 %21 <0.001*
Diameter in Frontal Plane (DF), mm 41.3 + 3.5 (33.6-50.9) 443 £ 23 39.8 £ 3.0 <0.001*
Radius of Curvature in Sagittal Plane (RS), mm 204 = 1.5 (17.0-24.6) 217+ 1.0 197 £ 1.3 <0.001*
Radius of Curvature in Frontal Plane (RF), mm 214 £ 1.9 (17.3-26.5) 229+ 1.2 206 = 1.6 <0.001*
Inclination (HHI), degree 134.1 £ 0.8 (131.9—-135.9) | 133.9+0.7 | 1341 £038 0.123
Glenoid
Height (GH), mm 342 + 3.4 (28.8-41.8) 376 £ 2.1 326 £ 26 <0.001*
Upper Width (GUW), mm 18.4 + 2.2 (13.8-24.0) 200+ 1.9 176 £ 1.9 <0.001*
Lower Width (GLW), mm 245 + 2.8 (19.5-31.7) 272 +20 232 %22 <0.001*
Inclination (Gl), degree 74.0 £ 1.0 (71.4-76.8) 740 £ 0.9 739 £ 1.1 0.903
Version (GV), degree 12.3 £ 1.2 (9.5-15.6) 123 % I.1 124 + 1.2 0.929

Note: *Significant level at <0.05.

(p<0.001), RF (p<0.001), GH (p<0.001), GUW (p<0.001), and GLW (p<0.001) in all analysis), but not for glenohumeral
orientations such as HHI (p=0.123), GI (p=0.903) and GV (p=0.929). In this comparison study, male subjects had larger
humeral heads and glenoid than female subjects.

Body height was correlated with HHH (r (83)=0.303, p=0.002), DS (r (83)=0.303, p=0.002), DF (r (83)=0.303,
p=0.002), RS (r (83)=0.303, p=0.002), RF (r (83)=0.306, p=0.002), GH (r (83)=0.319, p=0.001), GUW (r (83)
=0.313, p=0.004), GLW (r (83)=0.283, p=0.002), GD (r=0.313) and GV (r (83)= —0.233, p=0.016). The correlation
study showed that subjects with higher body height tend to have larger humeral head and glenoid. Among the

Indonesian population, no correlation was found between age and any glenohumeral morphometry. Details on

correlation analysis are shown in Table 3.

Table 3 Correlations Between Glenohumeral Morphometry with Age, Height, and Weight

Parameter Age Height Weight
Correlation | P value | Correlation | P value | Correlation | P value
Coefficient Coefficient Coefficient
Humeral Head
Height (HHH), mm —0.110 0.157 0.303* 0.002 0.423* <0.001
Diameter in Sagittal Plane (DS), mm —0.110 0.157 0.303* 0.002 0.423* <0.001
Diameter in Frontal Plane (DF), mm —0.110 0.157 0.303* 0.002 0.423* <0.001
Radius of Curvature in Sagittal Plane (RS), mm —0.110 0.157 0.303* 0.002 0.423* <0.001
Radius of Curvature in Frontal Plane (RF), mm —0.106 0.166 0.306* 0.002 0.421* <0.001
Inclination (HHI), degree —-0.023 0418 —0.062 0.285 0.011 0.459
Glenoid
Height (GH), mm —0.013 0.454 0.319* 0.001 0.332% <0.001
Upper Width (GUW), mm 0.107 0.166 0.313* 0.002 0.213* 0.025
Lower Width (GLW), mm 0.014 0.450 0.283* 0.004 0.394* <0.001
Inclination (Gl), degree —0.045 0.340 —0.037 0.370 —0.060 0.292
Version (GV), degree —0.024 0413 —0.233* 0.016 —0.244* 0.012

Note: *Significant level at <0.05.

Orthopedic Research and Reviews 2022:14

https:

Dove!

463


https://www.dovepress.com
https://www.dovepress.com

Suroto et al Dove

Discussion

Prosthetic that resembles normal shoulder anatomy can improve joint kinematics and final outcomes. Improperly sized
may lead to stiffness, pain, component loosening, and a potentially inferior outcome.® Studies showed that most of the
shoulder prostheses currently used worldwide, which were designed for the American and European populations, did not
fit for Asian shoulders.” ' Knowledge about normal glenohumeral morphometry in a specific population is necessary for
prosthetic design, sizing, and positioning during arthroplasty.

Morphometry

Previous studies reported that the humeral head size in the Asian population was smaller than in the Western
populations.”>'*!> The normal Indonesian humeral head height, diameter, and radius of curvature in this study were
also smaller than in western populations (Table 4). Compared to other studies in Asian populations, normal Indonesian
humeral head size was greater than Japanese population but close to Chinese and Indian populations. Despite its
geographical proximity, a Singaporean cadaveric study by Manoharan et al'® reported a significantly huge humeral
head size, even the greatest among all studies. In their study, Manoharan et al'® used direct measurement on a fresh
cadaver in which the articular cartilage was still intact. The presence of articular cartilage combined with direct
measurement could be the reason for these differences since most other studies were using CT scan, which neglected
the presence of articular cartilage.

Our study showed that the mean humeral head diameter in the frontal plane (41.3 mm) was greater than the sagittal
plane (39.3 mm). In addition, Hertel et al'> Humphrey et al'* and Sahu et al® also reported a greater humeral head
diameter in the frontal plane compared to the sagittal plane. Analysis done by Humphrey et al found that the shape of the
base of small humeral heads was closer to being spherically shaped, whereas the shape of larger humeral heads was
typically more elongated in the frontal plane. Our results showed that the shape of the humeral head base in the
Indonesian population was not spherical and elongated in the frontal plane.

The mean Indonesian humeral head radius of curvature in the frontal plane (21.4 mm) was greater than that in the
sagittal plane (20.4 mm). Hertel et al'> and Humphrey et al'* also reported similar endings. Another study by Cabezas
et al® found that the humeral head radius of curvature in the frontal plane was also greater than in the axial plane.
However, the relationship between the radius of curvature in the axial and sagittal planes was unknown because their
study did not measure the radius of curvature in the sagittal plane.

Wataru et al*® in their cadaveric study equally divided the humeral head’s articular surface into 3 portions from
superior to inferior and 3 portions from anterior to posterior, with a final result of 9 parts. Their study found that the mean
radii of all parts were changed from superior to inferior and from anterior to posterior. The superior portion radius of
curvature was significantly greater than the central portion and the mean radii of curvature in anterior and posterior
portions were significantly less than that of the central portion. Since the radius of curvature in the frontal plane was
measured in the central portion between the anterior and posterior, it explains why the radius of curvature in the frontal
plane was greater than the sagittal plane in our study and previous studies. From our findings and supporting literature,
we conclude that the shape of the surface of the humeral head is a complex 3D spheroid of which curvature changes from
superior to inferior and from anterior to posterior.

The normal value of Indonesian humeral head inclination was close to Japanese, Indian and Chinese populations, and
slightly greater than Thai and Singaporean populations. Humeral head inclinations in the Indonesian population were
smaller than those studies in the Western population.®'*'> However, there was a study on Caucasians bones which had
a smaller humeral head inclination compared to our study.” It is hard to determine whether Indonesian humeral head
inclination is smaller or greater compared to Western populations because the normal value of humeral head inclination
in previous studies was varied.

Another important morphometry for prosthetic design was the humeral head version. The previous study showed that
humeral head retroversion in Asian populations was greater than in Western populations.” However, this study was
unable to measure the humeral head version due to the lack of distal humerus imaging in Chest CT.

Indonesian glenoid height is the greatest among other Asian populations, but it is still considered small compared to
Western populations (Table 5). The Indonesian glenoid lower width or glenoid maximum width was also close to other
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Table 4 Humeral Head Morphometry in Other Studies

Studies Subjects Measurement Humeral Head Parameter
Method
Humeral Head Humeral Head Diameter, mm Radius of Curvature, mm Humeral Head Humeral Head
Height, mm . Inclination, degree Retroversion, degree
(Frontal / Sagittal) (Axial / Frontal / Sagittal)
M F M F M F M F M F
This Study Indonesian cT 165+0.7 | 151 +09 | DF=443+23 | DF=387+23 | RF=229+12 | RF=206+ 1.6 | 133.9+£0.7 | 1341 £038
DS=413+16 | DS=367+24 | RS=21.7+10 | RS=197+ 1|3
Aroonjarattham Caucasian Bone CT 19.00 + 2.0 43.30 + 4.30 131.0 + 3.0 19.0 £ 6.0
etal'
Thai Bone cT 14.84 + 1.86 40.51 + 3.88 127.64 + 4.28 31.01 £9.72
Cabezas et al® North American cT 197 1.7 | 17314 RF =246 %22 136.0 + 5.7 | 135.6 + 4.0
RA =227 +23
East Asian CcT 180+ 18 | 161 1.6 RF=223+19 135.6 + 3.2 1374 £ |
RA =209 % 1.6
Humphrey et al® | White American & cT 182 16.8 DF =51 DF = 46 RF = 26.4 RF = 23.8 135 135
Australian
DS =445 DS =424 RS =247 RS =225
Matsumura Japanese cT 142+ 13 | 124+ 14 459+ 1.9 398+ 1.7 134 +3 134+3 34+ 11 3010
etal’
Sahu et al'' Indian cT 174+ 14 | 160+ 15 | DF=433+22 | DF=387%23 236+ 1.3 208 £ 0.9 1333+67 | 135455 | 334+92 339+64
DS=412+19 | DS=367+24
Zhang et al'* Chinese cT 167 £ 1.9 44.6 + 44 1324 + 4.69 2111 £ 12,16
Zhang et al'® Chinese cT 179+ 12 | 160+ I.1 456 + 2.8 40.1 £ 1.7 235+ 15 20.6 £ 0.9 1329+28 | 1328+34 | 244+ 104 | 207 9.6
Hertel et al* Swiss Bone Direct/ Xray 170+ 1.7 DF =445 + 4 RF =240 £ 22 137 £+ 3.62 233 £ 11.75
DS =420 + 3.8 RS=210=% 18
lannotti et al® American Cadaver & Direct / MRI 19 +£24 24 + 2.1
Patient
Manoharan Singaporean Cadaver Direct 24.28 + 4.17 46.23+4.24 128 + 4
etal®

Abbreviations: CT, computed tomography; X-Ray, conventional radiograph; MRI, magnetic resonance imaging; DF, humeral head diameter in frontal plane; DS, humeral head diameter in sagittal plane; RF, radius of curvature in frontal
plane; RS, radius of curvature in sagittal plane; RA, radius of curvature in axial plane.
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Asian populations and smaller than Western populations. The data showed that the glenoid lower width was greater than
its upper width. This is similar to previous studies.*'

The mean of the normal Indonesian glenoid inclination, which was measured using 3 angle, was 74.0° and the mean
of the normal Indonesian glenoid version was 12.3° retroversion.® It was difficult to compare both the glenoid inclination
and version with previous studies due to differences in measurement methods. The authors only compared these study
results with other studies that used similar measurement methods. The mean of Indonesian glenoid inclination was
slightly smaller than the Indian population. The mean of the Indonesian glenoid version was more retroverted than

Hongkong and Indian populations.

Gender Analysis
Gender analysis found that Indonesian males had a larger humeral head height, diameter, and radius of curvature than
females (p<0.001 in all analyses), but no difference was found in humeral head inclination (p=0.123). Previous studies
also found that gender difference affected the values of humeral head height, diameter, and radius of curvature, but did
not affect the value of humeral head inclination,--7-1%-14

Indonesian glenoid height and width in males were also greater than the females (p <0.001 in all analyses), similar to
previous studies.> %22 In this study, no gender difference was found in both glenoid inclination (p =0.903) and
glenoid version (p=0.929). The Slocum et al® study also found no significant difference in the glenoid version between
males and females. However, Matsumura et al** reported that Japanese males had a higher retroversion for both humeral
head and glenoid than Japanese females. This study showed that age was not correlated with all glenohumeral
morphometry. In contrast with age, body height was found to be correlated with humeral head height, humeral head
diameter, the humeral head radius of curvature, glenoid height, and glenoid width, but not to humeral head inclination,
glenoid inclination, and glenoid version. Similar to our study, body height had been reported to correlate with humeral
7:10.14.23.24 and glenoid size.>'%*'">® Thus, it is proved that body height affects both the humeral head and the
glenoid size regardless race.

head size

Limitations

This study had several limitations. First, subjects in this study were patients who had chest CT scans for any medical
reason other than the shoulder, thus the subjects were not truly come from the healthy population. Our study excluded
subjects with past illnesses, injuries, deformities, or degenerative processes of the shoulder joint. However, the accuracy
of our subjects to represent the normal shoulder of Indonesian is difficult to determine.

Second, the extraction of shoulder imaging from chest CT had several limitations. The difference in positioning, slice
thickness, and focus area between shoulder CT and chest CT may affect the quality of 3D reconstruction and shoulder
measurement. However, this study used thin-slice HRCT of the chest with a post-processing bone algorithm to optimize
the 3D reconstruction quality. The humerus was not completely visible on the chest CT. This explains why this study
could not measure the humeral head version, medial and posterior offset.

Finally, the limitation of CT scan in visualizing soft tissues made our measurement neglect the thickness of the
articular cartilage. This may result in slight differences between the glenohumeral morphometry that we measured and its
actual morphometry.

Conclusion

This study presented the morphology of glenohumeral joint in the normal Indonesian population. The size of Indonesian
humeral head and glenoid were greater in males than females and were correlated to body height. Indonesians humeral
head and glenoid size were smaller than Western populations, but close to other Asian populations. These results would
be useful to determine the size of implants and to improve the development of shoulder prostheses design especially for

Asian populations.
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Table 5 Glenoid Morphometry in Other Studies

Studies Subjects Measurement Glenoid Parameter
Glenoid Height, mm Glenoid Width, mm Glenoid Inclination, Glenoid Version,
Method (Upper/ Lower) Degree Degree
M F M F M F M F
This Study Indonesian CT 376 £ 2.1 326 £26 200+ 1.9 17.6 £ 1.9 74009 | 739+ 1.1 | —123 £ 1.1 | —124 %12
272 £20 232 +£22
Cabezas et al* North American CcT 384 +22 333+24 | UW=245+28 | UW =245+128
LW =305+22 [ LW =305 +22
East Asian CcT 343 +26 319+ 25 UW =245+28 | UW =245 %128
LW =305+22 | LW =305+22
Matsumura et al’ | Japanese CT 336 1.9 294 + 1.7 249 + 1.7 213+ 14
Mizuno et al'® Japanese cT 353+ 18 314+ 18 274+ 24 235+ 16
French CT 373+ 1.9 335+ 1.8 28.7 £ 2.1 247 £ 1.7
Sahu et al"' Indian CT 318+ 2.1 299+ 1.9 245+ 1.9 225+ 15 778 +42 | 81.5+£59 | -25+34 05+43
Singh et al'? Malay CT 39.0 £ 3.0 345+ 23 269 £ 2.7 223+ 14
Slocum et al'? Southern Chinese/ Hongkong | CT 36.6 + 2.66 322 217 274 +24 235+ 1.6 0.77 + 6.6 .16 + 6.7
Zhang et al'® Chinese CcT 3343 £245 | 27.09 £ |.14 2251 £ 1.84 18.34 + 1.03
Churcill et al® Black American Bone Direct 376 £ 2.1 327 1.7 276 + 14 234 1.6
White American Bone Direct 374+ 19 325+ 18 28.1 = 1.6 238+ 1.2
lanotti et al® American Cadaver & Patient | Direct / MRI 39+35 LW =129 £ 32
Khan et al’ South African Bone Direct 353 + 3.1 346 +28 UW =182+33 | UW=174%26
LW =242 +27 | LW =237 %28
Manoharan et al® | Singaporean Cadaver Direct 34.34 + 426 2523 + 3.17

Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; UW, glenoid upper width; LW, glenoid lower width.
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