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SUMMARY 

Osteoarthritis (OA) can be treated by either Hemi or Total 

Shoulder Arthroplasty (TSA), depending on the extent of 
glenoid involvement. The glenoid component is often reported 

to experience a heightened complication rate with respect to 

the humeral implant, and thus many surgeons prefer to 

perform a hemi-arthroplasty when the glenoid articular 

cartilage is relatively intact.  

 

In order to develop effective hemi-shoulder arthroplasty 

devices, an understanding of the effects of implant design 

parameters upon the long term response of the glenoid 

cartilage is needed. This study used high resolution images 

from 8 age-normal and 8 osteo-arthritic glenoids to evaluate 
and compare the distribution of articular cartilage thickness 

across the surface, with a view to develop computational  

models for investigations on hemi arthroplasties. 

  

Cartilage thickness was significantly greater (P<0.01) in the 

age-normal group (mean 2.5mm; range 1.6-2.9mm) as 

compared to OA group (1.47; 0.2-2.8mm). Cartilage was 

thinnest in the central zone of the glenoid (mean 1.91mm; 

range 1.64-2.32mm) in the age-normal group, but thinnest 

postero-superiorly in the arthritic group (mean 0.76mm; range 

0.23–1.23mm).  

 
This data enables construction of anatomically and 

pathologically relevant computational models of the native 

scapula, used to assist in evaluating novel hemi-arthroplasty 

products. 

 

 INTRODUCTION 

In the arthritic shoulder, the extent of involvement of the 

glenoid articular cartilage surface varies considerably. 

Osteoarthritis (OA) can be treated by either Hemi or Total 

Shoulder Arthroplasty (TSA), depending on the extent of 

involvement. Success rates with these prostheses are varied, 
although recent reports indicate complication rates of roughly 

15% at ten years [1]. Foremost amongst these complications is 

loosening of the prosthetic glenoid component [2]. The 

glenoid component is associated with more complications than 

the humeral implant, and thus many surgeons prefer to 

perform a hemi-arthroplasty when the glenoid articular 

cartilage is relatively intact.  

 

In order to develop effective hemi-shoulder arthroplasty 

devices, an understanding of the effects of implant design 

parameters upon the long term response of the glenoid 

cartilage is needed. Computational analyses have traditionally 

been used for total joint simulation in the shoulder [3], but 

analyses which evaluate the response of the glenoid cartilage 

to a hemi arthroplasty are not available in the literature. 
Knowledge of the distribution of articular cartilage on the 

glenoid is a requirement to develop computational models of 

either the intact or eroded glenoid surface. This study 

evaluates the distribution of articular cartilage thickness across 

the surface of age-normal or osteoarthritic glenoids, with a 

view to develop such models. 

 

 

METHODS 

Sixteen cadaveric scapulae (6 males, 10 females, mean age 

85yrs) were stored for no more than six moths at -25°C. All 
scapulae were from lightly embalmed cadavers whose activity 

levels in life were unknown. The glenoid articular surface was 

stained with India ink using a modified Goodfellow and 

Bullough’s technique [4] to confirm the gross observational 

findings of OA and demark the cartilage from the subchondral 

bone. Macroscopic evaluation of the glenoid surface revealed 

eight specimens presenting with near pristine articular 

cartilage, and eight with evidence of arthritic changes.  

 

A 1cm thickness of glenoid was excised from the scapulae in 

the sagittal plane and high resolution images of the glenoid 

articular surface were taken by scanning the bone specimens 
on a flatbed scanner. A grid was identified, using a marker 

pen, on the glenoid articular surface with one column passing 

supero-inferior through the ‘bare’ area [5] and two antero-

posterior rows spaced proportionately along the column 

(spaced at 1/3rd and 2/3rds of the Supero-Inferior length of the 

glenoid). A high speed diamond saw, with constant irrigation 

using physiological saline, was used to section the glenoid into 

a grid of six segments. The cut surfaces were then 

photographed using a 3200dpi scanner, and the scan field 

included a ruler for calibration to ensure accurate scaling of 

the pictures (Figure 1). 
 



 
Fig 1. Cross-sections through the glenoid, with clear 

demarcation of the bones and cartilage through staining within 

India Ink. 
 

Segmentation of the 2D images was performed on all the 

glenoid cross-sections. Reconstruction of the glenoid 

geometry generated a grid structure, which was subsequently 

positioned relative to the geometry of the glenoid fossa as 

determined through segmentation of the original images. 

These points detailing the known articular cartilage 

thicknesses served as a control grid, which was divided into a 

grid of nine distinct regions. The original 2D glenoid fossa 

shape was discretised into a grid of points, and this slave grid 

was aligned relative to the assembled cross-sections. It was 

possible to interpolate the thickness at all points on the slave 
grid from the control data, and hence return the distribution of 

articular cartilage thickness across the glenoid surface (Figure 

2). Thicknesses were compared by Student’s t-test. 

 

 
Fig 2. Mapping of glenoid cartilage thickness into 3D using 

control data derived from HR cross sectional images  

 

RESULTS AND DISCUSSION 
Cartilage thickness was significantly greater (P<0.01) in the 

age-normal group (mean 2.5mm; range 1.6-2.9mm) as 

compared to OA group (1.47; 0.2-2.8mm). Cartilage was 

thinnest in the central zone of the glenoid (mean 1.91mm; 

range 1.64-2.32mm) in the normal group, corresponding with 

the ‘bare’ area of the glenoid [5] whereas it was thinnest 

postero-superiorly in the arthritic group (mean 0.76mm; range 

0.23–1.23mm). The regions of thickest cartilage in normal and 

arthritic glenoids were found antero-superiorly (mean 

2.33mm; range 2.11–2.74mm) and antero-inferiorly (mean 

1.88mm; range 0.99-2.74mm) respectively.  
 

The cartilage thickness in normal glenoids was not 

significantly different for the inferior and superior regions 

(mean ranges 2.23–2.30mm and 2.19–2.33mm respectively, 

p=0.482) whereas the anterior third of the glenoid exhibited 

the greatest variation in thickness between specimens. 

Cartilage thickness in the arthritic group was lower in the 

superior region (mean range 0.76–1.10mm) than the inferior 

region (mean range 1.37-1.88mm). For the arthritic group, 

cartilage thickness was generally lower in the posterior region 
(mean range 0.76–1.37mm) than from the anterior region 

(mean range 1.10-1.88) but no notable difference was 

demonstrated between the anterior and posterior regions in the 

normal group (mean range 2.29–2.33mm versus 2.18–2.23mm 

respectively).   

 

 

CONCLUSIONS 

3D magnetic resonance (MR) scans have been the chosen 

method for evaluation of articular cartilage thickness in the 

diagnosis of joint disease. However, MRI has limitations [7] 

and may result in inaccuracies in determining the true cartilage 
thickness of each side of the articulation. The method 

presented here for determining the glenoid cartilage thickness 

using a histological approach, was highly repeatable and 

unaffected by all but the most localised defects in cartilage 

thickness on the original control grid.  

 

The findings of this study are in agreement with those of Yeh 

et al. [6] who identified the same areas of relative thickness in 

a series of seventeen cadaver glenoids assessed using MRI and 

anatomical measurements. In the age-normal glenoids, the 

average cartilage thickness was found not to vary significantly 
across the remaining glenoid, nor was the variability in 

cartilage thickness between specimens prone to any large 

variability. In contrast, the arthritic shoulders present a highly 

varied cartilage thickness across the glenoid.  

 

Whilst the method presented in this study clearly cannot be 

used in the clinic as a tool for diagnostic purposes, it provides 

valuable insight into the variability of cartilage thickness in 

the glenoid, which can be subsequently used to generate 

computational models of the articular region of the glenoid.  
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