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Abstract

Objectives. The aims of this study were to determine whether micro-CT is a reliable investigation method

to evaluate the severity of OA in the trapezium and to develop a novel micro-CT scoring system based on

a quantitative assessment of the subchondral bone thickness in order to better assess OA through an

objective parameter.

Methods. We compared different diagnostic and imaging techniques performed consecutively on each

sample: X-ray, visual analysis, micro-CT and histology. OA and healthy trapezia were subjected to semi-

quantitative and quantitative analyses to be classified in four degrees of severity in OA (control, OA-2, OA-

3 and OA-4). Specifically, samples were analysed using Dell’s score for X-ray, Brown’s score for visual

analysis and Mankin’s score for histology. Micro-CT was scored using a novel quantitative scoring system

based on subchondral bone thickness measurements. Results obtained with each technique were then

compared and correlated.

Results. X-ray analysis showed a higher frequency of OA-2 (27%) and OA-3 (32%) compared with OA-4

(5%), whereas visual analysis, micro-CT and histology showed a lower percentage for OA-2 (18%, 18%

and 14%) and OA-3 (23%) and increased frequency for OA-4 (45%, 32% and 40%). Only the micro-CT

score of subchondral bone thickness correlated significantly with all the other techniques (P<0.05).

Conclusion. This is the first comparison of techniques proposing a novel scoring system based on ob-

jective and quantitative micro-CT data that can be applied as a useful diagnostic tool for OA, providing a

deeper comprehension of the pathophysiology of OA in trapezium.

Key words: trapezium, osteoarthritis, comparative diagnostic analyses, X-ray, micro-CT, subchondral bone
thickness, stereomicroscopy, histology.

Introduction

OA of the trapeziometacarpal joint (TMJ-OA) is a disabling

condition occurring in women (20%) and men (6%) >45

years old [1, 2]. Compressive forces and repetitive loading

of the thumb produce mechanical stress and factor

release leading to cartilage degeneration and subchondral

bone sclerosis [3�8].

Radiography is the gold standard in evaluating TMJ-OA

severity and progression [9] by grading through approved

radiographic scores [10, 11]. Although X-ray is a non-in-

vasive and non-destructive technique, it offers incomplete

details on subchondral bone defects [12]. The radio-

graphic findings correlate poorly with patient discomfort

and pain perception [13]. Studies have compared X-ray

with other diagnostic methods—stereomicroscopy [14,

15], histology [16] and micro-CT [17]—to gain a deeper

insight into the anatomy and pathophysiology of OA and

bone damage. Stereomicroscopy and histology are inva-

sive destructive techniques that, like X-ray, depend upon

the evaluation of examiners using scoring systems [15,

18]. On the other hand, micro-CT is a non-invasive

whole-volume imaging technique that provides high
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contrast between bone and soft tissue and produces

quantitative data on bone stereology [19, 20], morphology

and microarchitecture [20, 21] thanks to high spatial reso-

lution and multiplanar capacity [22]. Recently efforts have

been made to translate the micro-CT application from

in vitro to an emerging clinical tool for in vivo studies

[23�26]. Nevertheless, a micro-CT grading system to

score trapezium OA has not yet been proposed.

The aim of our study was to determine whether micro-

CT could be regarded as a comprehensive and reliable

approach to quantifying OA severity. Thus we compared

a micro-CT-based scoring system with commonly used

semi-quantitative, examiner-dependent scoring systems

for X-ray, visual analysis and histology. This is the first

scientific report that proposes a novel micro-CT-based

quantitative scoring system to grade trapezium OA, pro-

viding a deeper comprehension of its pathophysiology by

comparing different diagnostic techniques.

Methods

Sample retrieval

With the approval of the institutional review board (IRCCS

Galeazzi Orthopaedic Institute, Scientific Technical

Committee), trapezia were isolated en bloc through a

dorsal approach from OA patients undergoing prosthetic

implant following written informed consent. Nineteen OA

samples (OA groups) were harvested from 6 men [mean

age 64.7 years (S.D. 6.9)] and 13 women [mean age 66.5

years (S.D. 11)]. Three non-OA trapezia (control group)

were explanted from female cadavers [mean age 75.0

years (S.D. 5)] and processed at the University of Nantes

(Nantes, France) according to local institutional ethical

and practical protocols.

Study design

Samples were analysed by X-ray, visual analysis,

micro-CT and histology, considering their advantages,

disadvantages and limitations (see supplementary Table

S1, available at Rheumatology Online). For each evalu-

ation we defined three equal anatomical compartments

within the specimens—ulnar, middle and radial—then as-

sessed them using standard scoring systems specific for

each technique. Each specimen was classified as one of

four OA degrees—CTR (control), OA-2, OA-3 and OA-

4—depending on the average of the two compartments

with the highest values.

Conventional X-ray analysis

Conventional radiographs (45 kV, 4 mA; Bucky Diagnost

CS, Philips, Amsterdam, The Netherlands) included

posterior�anterior views of 14 OA patients’ hands. No

controls were evaluated radiographically because of

their cadaveric origin. The X-ray staging of OA in the

TMJ was performed by three examiners according to

Dell’s scoring system [11] (see supplementary Table S2,

available at Rheumatology Online) based on joint narrow-

ing, subluxation severity and osteophyte formation.

Visual analysis

Nineteen trapezia were examined by visual analysis using

a stereomicroscope (SZX10, Olympus, Tokyo, Japan)

equipped with a digital camera (DS-Fi1 5 M pixel, Nikon,

Tokyo, Japan). The ulnar, middle and radial compartments

were analysed by three examiners using Brown’s scoring

system [15] to stage the degree of cartilage degeneration.

Micro-CT analysis

Nineteen trapezia were scanned by an Explore Locus

micro-CT scanner (GE Healthcare, Pewaukee, WI, USA).

A micro-CT higher-resolution (Bin-1) protocol was

performed (80 kV, 450mA, 1600 ms exposure time, 400

projections over 270�). The isotropic resolution was

27 mm with a voxel size of 0.021 � 0.021 � 0.021 mm.

The bone surface structure was examined after the three-

dimensional (3D) image reconstruction using MicroView

software version 2.1.2 (GE Healthcare), then quantified.

Phantom calibration was performed for each scan to

define the optimal threshold for bone, then an isosurface

volume rendering function was applied. A histogram de-

picting the voxel distribution along the density scale ex-

pressed in Hounsfield units was computed. To classify

each specimen into one of the four OA degrees, a new

scoring system was developed according to the subchon-

dral bone thickness. Eight lines (four lines on the coronal

plane, four lines on the sagittal plane) were drawn through

the subchondral thickness of each compartment (Fig. 1A).

The measurement of the thickness was divided into four

grading groups: CTR, 0�0.50 mm; OA-2, 0.50�1 mm; OA-3,

1�1.50 mm and OA-4, >1.50 mm. Next, three volumes of

interest (VOIs) (2�1�1 mm) were defined within the sub-

chondral bone of all compartments (Fig. 1B). Bone volume

fraction (BV/TV), trabecular number (Tb.N), trabecular

thickness (Tb.Th) and trabecular spacing (Tb.Sp) were

quantified for each selected VOI.

Histological analyses

Nineteen trapezia were fixed in 10% formalin and decal-

cified in EDTA 10% w/v. Sagittal sections of 5mm from the

radial to the ulnar compartment were obtained,

embedded in paraffin and stained with haematoxylin and

eosin (H&E) and safranin O�fast green. Samples were

scored for the ulnar, middle and radial compartments by

two examiners according to Mankin’s grading system

[18]. Grading was based on the aspect of cartilage

(score 0�6), chondrocytes (0�3), proteoglycan content

(0�4) and tidemark integrity (0�1). The total Mankin’s

score (range 0�14) of each sample was divided into four

grades [27]. CTR included a score from 0 to 3 (normal

cartilage), OA-2 from 3 to 7 (mild degeneration), OA-3

from 8 to 12 (moderate degeneration) and OA-4 from 13

to 14 (severe degeneration).

Statistical analysis

Statistical analyses between groups and compartments

were performed with GraphPad Instat version 3.06

(GraphPad Software, La Jolla, CA, USA) using two- and

one-way analysis of variance, respectively. For multiple
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comparisons, Bonferroni’s post hoc test was performed.

The mean (S.D.) and 95% CI were calculated and P< 0.05

was considered significant. The interrater reliability of the

examiners’ scores for each technique was calculated with

intraclass correlation coefficient (ICC): ICC = 1, perfect re-

liability; ICC> 0.75, excellent reliability [28]. The Pearson

correlation coefficient (two-tailed test) was calculated to

determine the correlation between the results obtained

from X-ray, visual analysis, micro-CT and histology. The

significant level was set at a= 0.05.

Results

X-ray analysis

The Dell score system detected a narrowed TMJ space

and moderate osteophytosis (stage 2) in 43% of OA

patients; a mild trapezium subchondral sclerosis, osteo-

phytes and TMJ subluxation greater than one-third of the

joint space (stage 3) in 50% and a pantrapezium OA with

complete destruction of the joint space, bone loss, early

ankylosis and osteophytes, marked subluxation of the

TMJ and a compensatory hyperextension of the interpha-

langeal joint (stage 4) in 7% (Fig. 2).

Visual analysis

For the Brown’s score, 14% of trapezia presented a

smooth and shiny cartilage on the TM articular surface

(stage 1); 18% exhibited early signs of cartilage degener-

ation as mild fibrillation and focal erosions (stage 2); 23%

showed advanced cartilage degeneration with partial sub-

chondral bone exposition and fissures (stage 3) and 45%

showed marked cartilage degeneration with subchondral

cysts, bone eburnation and osteophytes marginally to the

radial and ulnar compartments (stage 4) (Fig. 3A). The

progressive subchondral bone eburnation was centrally

located in the middle compartment coupled with centrifu-

gal cartilage degeneration and subchondral bone expos-

ition. The residual cartilage was irregular and located in

the dorsal area of the trapezium bones. In stage 4, the

presence of subchondral bone cysts represents a typical

sign of severe OA.

Semi-quantitative evaluation of visual analysis of the

proximal articular surface of the trapezia showed that all

compartments had a progressive increase in cartilage de-

generation from OA-2 to OA-4 (Fig. 3B). All degenerative

stages showed a highly significant difference compared

with CTR (P< 0.001). No differences between regions

were detected in OA-2. In OA-3 and OA-4, the middle

compartment significantly increased compared with both

the ulnar (P = 0.0001, P = 2.3E-07) and radial (P = 0.0001,

P = 5.0E-07) compartments.

Micro-CT analysis

Fig. 4A shows a 3D reconstruction of a control and OA

trapezium. The volumetric rendering revealed a smooth

and biconcave�convex saddle-shaped articular surface

for the control. OA trapezium showed a complete loss of

the saddle shape with irregularities of the subchondral

bone and exposition of the trabecular bone in the articular

surface.

An overall increasing trend of the subchondral bone

thickness was observed from CTR to OA-4 in all compart-

ments, with a preference for the radial (Fig. 4B). OA-2

(16%) did not show a difference with CTR (16%). OA-3

(47%) differed from CTR with respect to the ulnar (95% CI

�1.35, �0.08, P< 0.05) and radial (95% CI �1.64, �0.16,

P< 0.01) compartments. OA-4 (21%) differed from CTR

with respect to the ulnar (95% CI �1.80, �0.35) and

radial (95% CI �2.14, �0.50) compartments for

P< 0.001 and with respect to the middle for P< 0.05

(95% CI �1.52, �0.07). The ulnar and radial compart-

ments in OA-4 differed significantly from the respective

compartments in OA-2 for P< 0.05 (95% CI �1.53,

FIG. 1 Micro-CT analysis

(A) Representative micro-CT sections of trapezium. Four

lines were designed on the sagittal and axial planes

through the subchondral bone thickness of the three

compartments (separated by dotted lines). (B) Schematic

illustration of the three 2� 1� 1 mm VOIs (boxes) within

the TM articular surface of the ulnar, middle and radial

compartments (divided by dotted lines) on the coronal

and sagittal planes. VOI: volume of interest; TM:

trapeziometacarpal.

FIG. 2 X-ray scoring

Representative panel of preoperative anteroposterior

X-ray views of the hand and TMJ classified according to

Dell’s scoring system. TMJ: trapeziometacarpal joint.
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�0.08 and �1.65, �0.01, respectively). Regarding the

comparison between compartments within the same

score, no statistical difference was detected in CTR and

OA-2. In OA-3 the radial compartment showed a signifi-

cant increase compared with the middle (P = 0.02). Fig. 4C

shows the stereological parameters. An increasing trend

of BV/TV among grades was observed for the middle

compartment, although only OA-4 differed significantly

from CTR (95% CI �0.48, �0.01, P< 0.05). CTR and

OA-2 showed no significant difference between the

three compartments. The middle compartment of OA-3

and OA-4 was significantly different compared with the

ulnar (P = 0.0007, P = 0.008) and radial (P = 0.008,

P = 0.005). A similar trend in the middle compartment

was observed for Tb.Th. Specifically, OA-3 and OA-4

showed an increased Tb.Th compared with CTR (95%

CI �0.31, �0.03, P< 0.01 and �0.32, �0.01, P< 0.05).

Furthermore, the middle compartment in OA-3 and OA-4

differed from the ulnar (P = 0.0001, P = 0.008) and radial

(P = 0.009, P = 0.02). Equal distribution in Tb.N was

observed between groups. Only in OA-3 did the middle

compartment show a significant lower Tb.N than CTR

(95% CI �0.18, �1.43, P< 0.01). Similarly for Tb.Sp,

only the middle compartment of OA-4 was lower com-

pared with the radial (P = 0.03).

Histological analysis

Fig. 5A shows sagittal sections of H&E-stained trapezia.

CTR samples (15%) presented a normal, slightly convex

contour. The articular surface was preserved, viable chon-

drocytes were uniformly distributed in the superficial, mid

and deep zones and the proteoglycan content ranged

from normal to moderately reduced. The tidemark was

intact. An increasing concavity was observed with pro-

gression of the histological grading. In grade 1 samples

(OA-2; 15%) the cartilage thickness showed multifocal

irregularities and vertical clefts (fibrillations) extending

into the mid zone. Chondrocytes increased in number

and the proteoglycan content was slightly to markedly

reduced. The tidemark was intact. In grade 2 samples

(OA-3; 10%) the cartilage was most affected in the

middle compartment, with complete erosion of the cartil-

age and increased density and thickness of the exposed

subchondral bone. The less affected ulnar and radial com-

partments had fibrillations extending from the mid to the

calcified zone. Clusters of chondrocytes and hypocellular

areas were found. The proteoglycan content was overall

markedly reduced. The tidemark, where cartilage was still

present, was intact or crossed by blood vessels. In grade

3 samples (OA-4; 60%) the articular cartilage was com-

pletely eroded, although the ulnar compartment was oc-

casionally less severely affected and retention of the

cartilage was observed. The exposed subchondral bone

was affected by osteosclerosis, microfractures with fibro-

cartilaginous repair and bone cysts, resulting in bone

remodelling and marked deformation of the joint surface

with compensatory osteophyte formation.

An increasing trend in the Mankin score was observed

related to the increase in OA severity stage (Fig. 5B).

There was no significant difference between CTR and

OA-2. OA-3 showed significantly higher scores compared

with CTR (95% CI �17.94, �6.39, P< 0.001) and OA-2

(95% CI �16.28, �4.723, P< 0.001) with respect to the

middle compartment, whereas OA-4 showed significantly

higher scores in the ulnar, middle and radial compart-

ments compared with CTR (95% CI �11.50, �3.33;

�16.38, �8.21; �12.33, �4.16, P< 0.001) and OA-2

(95% CI �10.33, �2.16; �14.71, �6.54, P< 0.001;

�8.50, �0.33, P< 0.05). Regarding the differences be-

tween compartments within the same stage, in OA-3

only the middle compartment had a higher score com-

pared with the radial (P = 0.03); in OA-4 the middle com-

partment had a higher score than both the ulnar

(P = 0.0002) and radial (P = 0.002) compartments.

FIG. 3 Stereomicroscopic visual analysis

(A) Stereomicroscopic visual analysis of representative trapezia for the four stages according to Brown’s scoring system.

Stars indicate cartilage damage caused by the harvest procedure. (B) Quantitative evaluation of visual analysis. The

histogram shows the Brown’s score for all compartments in OA-2, OA-3 and OA-4. Statistical significance for P< 0.001 in

OA groups vs controls (CTR) (black dotted line), among different OA groups (a�g) and compartments (***).
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ICC and correlation analysis

Overall interrater reliability was excellent [ICC 0.87 (95%

CI 0.69, 0.96) for X-ray, 0.96 (95% CI 0.91, 0.98) for visual

analysis and 0.99 (95% CI 0.99, 1) for histology].

Except for X-ray, CTR showed the same frequency

(14%) in all the diagnostic methods. According to the X-

ray score, the majority of patients were OA-2 (27%) and

OA-3 (32%), whereas only 5% were OA-4. In contrast,

according to visual analysis, micro-CT and histological

scores, a lower percentage of patients were OA-2 (18%,

18% and 14%, respectively) and OA-3 (all at 23%),

whereas an increased frequency was observed for OA-4

(45%, 32% and 40%, respectively). For the Pearson

correlation (Fig. 6), only the micro-CT subchondral thick-

ness score was significantly correlated with all the other

scores, including Dell’s X-ray score [coefficient of deter-

mination (R2) = 0.45, P = 0.02], visual analysis Brown’s

score (R2 = 0.39, P = 0.004) and histological Mankin

score (R2 = 0.51, P = 0.001). X-ray showed no significant

correlation with visual analysis (R2 = 0.0, P = 0.88) and hist-

ology (R2 = 0.27, P = 0.10). Visual analysis and histology

showed the highest correlation, with R2 = 0.76

(P< 0.0001).

Discussion

Incongruity of the TMJ due to ligament laxity, trauma or

cartilage degeneration increases compressive forces on

FIG. 4 Micro-CT volume rendering and scoring system

(A) Micro-CT volumetric rendering of a healthy (CTR) and

osteoarthritic trapezium (OA grade 4). (B) Quantitative

scoring system evaluating the thickness of subchondral

bone and analysis of subchondral bone thickness for the

ulnar, middle and radial compartments. (C) Analysis of the

stereological parameters, including bone volume fraction

(BV/TV), trabecular thickness (Tb.Th), trabecular number

(Tb.N) and trabecular spacing (Tb.Sp). Triangles (�) rep-

resent the difference vs CTR. P< 0.05 (*, �, a, b); P< 0.01

(**, ��) and P< 0.001 (***, ���).

FIG. 5 Histological analysis of trapezia

(A) Representative images of histological grades according

to Mankin’s system (H&E). Left panels—deeper articular

surface with increasing grade (scale bar 2 mm). Right

panels—CTR: normal cartilage, viable chondrocytes,

intact tidemark; grade 1: surface irregularities, vertical

clefts (fibrillations) in the mid zone; grade 2: fibrillations

extending to the radial and calcified zone, articular cartil-

age erosion; grade 3: exposed and thickened subchondral

bone (sclerosis) (scale bar 0.2 mm). (B) Mankin’s score

histogram among compartments and groups. Triangles (�)

represent the difference vs CTR. P< 0.001 (***, ���, a, b,

c), P< 0.01 (**) and P< 0.05 (*, d).

FIG. 6 Correlation analysis

Pearson correlations with two-tailed P-values. Only micro-

CT significantly correlated with all the other diagnostic

techniques (P< 0.05).
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the trapezium and leads to TMJ-OA. X-ray is the primary

analysis for the diagnosis of TMJ-OA in clinical practice

and is usually coupled with visual analysis [14, 15], micro-

CT [17, 29] or histology [27]. A single study that combines

multiple analyses (qualitative and quantitative) of the TMJ

has never been described. Here, each trapezium was sub-

jected to four different diagnostic methods—X-ray, visual

analysis, micro-CT and histology—to obtain a more com-

prehensive overview of the pathology and advancement

of TMJ-OA based on their correlation. Only an earlier

study on dental carious lesions described the comparison

of different diagnostic techniques [30]. For each analysis,

trapezia were classified into four OA stages according to

semi-quantitative scoring systems supported by high in-

terrater reliability, except for micro-CT, for which we de-

veloped a quantitative scoring system based on

subchondral bone thickness. The results showed the

highest correlation of our novel scoring system for

micro-CT with all the already approved grading systems,

indicating the accuracy and reliability of such a method to

classify trapezium OA. Subchondral bone sclerosis was

the first parameter of OA degeneration mainly localized

in the radial compartment, shifting to the middle compart-

ment at later stages because of changes in the mechan-

ical properties of articular cartilage.

Studies have demonstrated the low rate of reliability and

specificity of radiology for the OA diagnosis due to defi-

ciency in detecting signs of cartilage degeneration and the

extension of subchondral bone sclerosis [22, 31].

Similarly, in our study the results obtained from the X-

ray showed a higher frequency of trapezium bones in

stage 2 and 3 compared with stage 4, while the other

techniques produced opposite outcomes. Although X-

ray is quick, non-invasive, painless and low cost, its

main limit is based on its two-dimensional (2D) character,

which leads to the overlapping of anatomical structures.

Additionally, X-ray evaluates the entire articular joint, thus

losing the spatial separation of adjacent bones and details

of different compartments of the trapezia [32].

In order to properly classify the specimens into four OA

grades, three equal compartments were defined for each

trapezium [17] and they were analysed separately using

visual analysis, micro-CT and histology. Visual analysis

offers an examination of the cartilage and bone surface

and blood vessel invasion of the subchondral bone.

However, the invasive surgical procedure and 2D obser-

vation are the main drawbacks of this technique [15]. Our

visual examination showed a predominance of cartilage

degeneration and subchondral bone damage in the

middle compartment. This result agrees with a previous

study in which the late stages of OA (stages 3 and 4) were

characterized by eburnation in the central area followed

by a centrifugal spread of cartilage degeneration [14].

When joint stability is lost, the altered movements of the

metacarpal on trapezium and the compressive forces

leave imprints on the subchondral bone within the central

area [14]. According to other research on early OA stages,

the dorsoradial region is affected first and is more

damaged by OA than the others [33�35]. Specifically,

during opposition, palmar or radial abduction of the

thumb, the radial segment receives the highest compres-

sive forces against the metacarpal bone [33]. Thanks to

the high spatial resolution and sensitivity, micro-CT is an

excellent tool for detecting early changes in BMD, bone

stereology and microarchitecture, but it is insensitive in

detecting articular cartilage and soft tissues [22]. To

score TMJ-OA severity, we developed a micro-CT scoring

system for subchondral bone thickness because of its

exposure to the initial mechanical stress during the OA

degeneration [6, 7]. Accordingly, others have suggested

that changes in the density and architecture of the sub-

chondral bone have a relevant effect on the beginning and

progression of cartilage degeneration [36, 37]. The pro-

gressive thickening of the subchondral bone (sclerosis)

influences the mechanical stress on the articular cartilage,

which leads to cartilage thinning and eburnation of the

subchondral bone [37]. In our study, the thickness of the

subchondral bone in OA trapezia showed an increase in

all compartments with OA progression. Nevertheless,

subchondral bone thickness was predominant at the

radial compartment, suggesting that this region absorbs

the compressive forces in both healthy and OA trapezia.

The subchondral bone remodels to compensate for the

loss of cartilage and to stabilize the joint, leading to

altered subchondral bone remodelling (sclerosis) [38].

The BV/TV and Tb.Th significantly increased in the

middle compartment with higher grades (3 and 4),

whereas the Tb.Sp decreased. Similar observations

were supported by previous studies performed in human

OA trapezium [17], femur head [5, 39] and knee [40]. Thus

it can be supposed that the subchondral bone in OA re-

models quickly with rapid turnover, which influences the

bone’s ability to mineralize, and that the higher Tb.Th in

OA groups corresponds to a diminished stiffness of the

subchondral bone [41]. Tb.N remained unchanged in the

OA groups, differing from findings in another study [17].

However, in that study, they measured the stereological

parameters by drawing the VOIs within the trabecular

bone of the trapezia, whereas we restricted the analyses

to subchondral bone thickness excluding the underlying

trabecular bone.

Histology provides a detailed evaluation of cartilage and

bone, cell type and morphology, blood vessels and inflam-

mation. Nevertheless, the invasiveness and 2D analyses

are the main disadvantages [42]. In our study, the radial

compartment was mainly affected by primarily degenera-

tive changes in early grade OA (OA-2). In the later grades

(OA-3 and OA-4), the entire articular surface was involved

in the degenerative process and joint instability and meta-

carpal translation induced severe pathological patterns in

the middle compartment. In fact, this compartment

showed the highest grade of degeneration—cartilage

loss, subchondral bone eburnation and cyst formation.

As supported by others, trapezium OA occurred primarily

in the radial compartment because of degeneration of the

palmar beak ligament, which contributes to radial devi-

ation, followed by a conflict between the metacarpal and

the middle compartment of the trapezium [43].
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The comparison between techniques showed changes in

subchondral bone closely associated with cartilage dam-

age, as also demonstrated by others [44, 45], suggesting

the ability of the periarticular bone to stabilize the damaged

joint by a remodelling process [46]. Histology is the most

accurate but destructive method to investigate TMJ-OA,

providing a qualitative assessment of the structure and

composition of osteochondral tissue [47]. Micro-CT is a

non-invasive analysis, can provide 3D reconstruction and

quantitatively assesses sclerosis thickness through the

entire articular surface [12]. Our results showed that the

novel micro-CT scoring system is an appropriate predictor

to stage OA severity and was the only technique that sig-

nificantly correlates with all other diagnostic scores, as also

stated by others [30]. Other studies have used different

compartmentalization of the trapezia, e.g. no partition

[14, 15], three compartments [17] and four [29] compart-

ments, making the results difficult to compare. In the cur-

rent study, the partition of trapezia in three equal

compartments offered, for the first time, a direct compari-

son among several techniques within the same sample.

The intrinsic inability of micro-CT to depict soft tissues

and cartilage degeneration could represent a limitation in

the diagnosis of OA [12]. Nevertheless, studies are

focusing on the use of micro-CT for OA investigations

[39, 48] and clinical micro-CT scanners are being optimized

for use in clinical practice and trials [26].

Our study provides a comprehensive overview of TMJ-

OA and proposes a reproducible and objective OA scoring

method for subchondral bone thickness. This innovative

standardized score along with micro-CT volume rendering

could be good indicators for treatment options in TMJ-

OA.

Rheumatology key messages

. To detect OA, standard diagnostic techniques are
not quantitative or invasive.

. Micro-CT subchondral bone thickness quantifica-
tion is a reproducible and objective method to clas-
sify OA.

. Micro-CT significantly correlated with approved
techniques for OA diagnosis.
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