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Cartilage wear patterns in severe osteoarthritis of the
trapeziometacarpal joint: a quantitative analysis
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Objective: The present quantitative study aimed to assess the three-dimensional (3-D) cartilage wear
patterns of the first metacarpal and trapezium in the advanced stage of osteoarthritis (OA) and compare
cartilage measurements with radiographic severity.
Design: Using 19 cadaveric trapeziometacarpal (TMC) joints, 3-D cartilage surface models of the first
metacarpal and trapezium were created with a laser scanner, and 3-D bone surface model counterparts
were similarly created after dissolving the cartilage. These two models were superimposed, and the
interval distance on the articular surface as the cartilage thickness was measured. All measurements
were obtained in categorized anatomic regions on the articular surface of the respective bone, and we
analyzed the 3-D wear patterns on the entire cartilage surface. Furthermore, we compared measure-
ments of cartilage thickness with radiographic OA severity according to the Eaton grading system using
Pearson correlation coefficients (r).
Results: In the first metacarpal, the cartilage thickness declined volarly (the mean cartilage thickness of
the volar region was 0.32 ± 0.16 mm, whereas that of the dorsal region was 0.53 ± 0.18 mm). Conversely,
the cartilage evenly degenerated throughout the articular surface of the trapezium. Measurements of the
categorized regions where cartilage thinning was remarkable exhibited statistical correlations with
radiographic staging (r ¼ �0.48 to �0.72).
Conclusions: Our findings indicate that cartilage wear patterns differ between the first metacarpal and
trapezium in the late stage of OA. There is a need for further studies on cartilage degeneration leading to
symptomatic OA in the TMC joint.

© 2019 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
Introduction

Among the elderly, the trapeziometacarpal (TMC) joint at the
base of the thumb is a common site for symptomatic and
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radiographic osteoarthritis (OA)1. With aging, arthritis of the TMC
joint progressively increases in prevalence, and a 91% prevalence
has been reported in patients aged > 80 years2. Joint degeneration,
concomitant with the progress of OA, results in the reduction of
joint mobility, exacerbation of pain and swelling, weakness of grip
and pinch, and overall disablement of the hand3,4. Reportedly, the
pathophysiology of this disease is characterized by damage to the
articular cartilage, osteophyte formation, changes in the sub-
chondral bone, and synovitis5, and of these, the articular cartilage
has garnered the most attention in relation to its pathogenesis,
mainly because of its striking changes in advanced OA6. Cartilage
wear, which is identified as the narrowing of the joint space on
plain radiographs, can cause contact among bones that have many
nociceptive fibers, highlighting the contribution to the pain profile7.
td. All rights reserved.

mailto:m1ttyd2s@gmail.com
mailto:oka-kunihiro@umin.ac.jp
mailto:oka-kunihiro@umin.ac.jp
mailto:tsakai-osk@umin.ac.jp
mailto:tanahiro-osk@umin.ac.jp
mailto:frontier.of.mode@gmail.com
mailto:shimada@anat1.med.osaka-u.ac.jp
mailto:ta-mae@umin.ac.jp
mailto:sugamoto@ort.med.osaka-u.ac.jp
mailto:yhideki@ort.med.osaka-u.ac.jp
mailto:tmurase-osk@umin.ac.jp
mailto:tmurase-osk@umin.ac.jp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.joca.2019.03.006&domain=pdf
https://doi.org/10.1016/j.joca.2019.03.006
https://doi.org/10.1016/j.joca.2019.03.006
https://doi.org/10.1016/j.joca.2019.03.006


S. Miyamura et al. / Osteoarthritis and Cartilage 27 (2019) 1152e1162 1153
Furthermore, morphological changes in cartilage have been re-
ported to be associated with disease severity or disease progression
in OA8.

Despite a close correlation between cartilage wear and disease
progression, cartilage wear patterns in TMC joint OA remain un-
clear. The number of studies focusing on the spatial quantification
of the articular cartilage of the TMC joint is limited because of the
lack of accuracy in detecting the cartilage region on imaging anal-
ysis, as well as the morphological complexity of the thin cartilage.
In particular, only few objective measures have been documented
in advanced-stage OA4,9,10, although ascertaining the articular
cartilage wear pattern in late-stage OA is essential for elucidating
the etiology.

Quantification of the three-dimensional (3-D) cartilage thick-
ness distribution in TMC joints with advanced OA could help in the
elucidation of how regional variations in the cartilage wear pattern
contribute to the etiology of TMC arthrosis, which is a normal part
of human aging. Hence, the present study aimed to investigate the
3-D cartilagewear patterns of the first metacarpal and trapezium in
advanced-stage OA and compare cartilage measurements with
radiographic severity.

Method

Specimens

We harvested 20 wrists from 10 cadavers embedded in
formalin. Subjects were eligible for inclusion in this study if they
exhibited a radiographic degenerative change in the TMC joint.
First, we scanned all specimens with a helical-type CT scanner
(Aquilion ONE; Toshiba Medical Systems, Tokyo, Japan), using the
following standardized protocol: slice thickness, 0.65 mm; pixel
size, 0.75e0.85 mm; scan time, 0.5 s; scan pitch, 0.562:1; tube
current, 30 mA; and tube voltage, 120 kV. Subsequently, we
selected specimens that had signs of OA in the TMC joint. Of note,
one specimen was excluded because of previous wrist surgery
(four-corner fusion arthrodesis). Thus, we investigated the
remaining 19 wrists harvested from seven male and three female
cadavers without anthropometric data, and the left and right
wrists were separately analyzed owing to differences in the
prevalence of TMC OA11,12. The subjects were aged 74e102 (mean
age, 89.5) years at the time of death. The study protocol was
approved by the Institutional Review Board of our institution.
Fig. 1. Images of our three-dimensional (3-D) models: cartilage þ bone model (left); bone m
cartilage thickness information as a thickness map.
Furthermore, all procedures performed were in accordance with
the ethical standards of the responsible committees on human
experimentation (institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2000.
Cartilage þ bone model reconstruction

All specimens were dissected to expose the articular surface of
both the first metacarpal and trapezium without damaging the
cartilage. The soft tissues, including the skin, muscles, ligaments,
and joint capsule, and the structures of the wrist joint were care-
fully removed. Next, using a 3-D optical laser scanner (accuracy, ±
20 mm; Rexcan CSþ 5.0 M; Medit Company, Seoul, Republic of Ko-
rea), we obtained a profile of the TMC joint dimensions. Then, a
high-precision, two-axes turntable positioner automatically
rotated and swung at defined intervals to capture multiple scans of
the object, and points to configure 3-D surface geometry were
sampled every 97 mm. The points created triangular meshes
(polygon data), and the 3-D models comprised these meshes.
Subsequently, we firmly mounted the specimens on a clay base
attached to the turntable. For capturing the overall surface of the
bones with cartilage, 72 separate scans were required (36 scans at
the front and back sides; 12 scans per 30� rotation at 0�, 30�,
and �30� swings), ensuring sufficient overlap of adjacent scans. All
scans were processed using ezScan7 software (Medit Company,
Seoul, Republic of Korea), and 3-D bone models with cartilage were
created (cartilage þ bone model; Fig. 1).
Bone model reconstruction

We used the cartilage dissolution technique to create 3-D bone
models without cartilage to obtain ground truth for the mea-
surement of the articular cartilage10,13e17. To dissolve the articular
cartilage of the TMC joint, the articular surface of the first meta-
carpal base and saddle-shaped articular surface of the trapezium
were soaked in 6.0% sodium hypochlorite solution for 2e4 h. We
visually inspected and checked the cartilage by rubbing with a
surgical probe to confirm its complete dissolution. Next, the
specimens with cartilage-free articular surfaces were rescanned
using the same procedure as that for the cartilage þ bone model,
and 3-D bone models without cartilage were created (bone model;
Fig. 1).
odel (middle); and cartilage model (right). The cartilage model helped in encoding the
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Cartilage model creation

The mean numbers of polygon data points of the
cartilage þ bone and bone models were 957,184 ± 137,806 and
936,950 ± 128,700 for the first metacarpal and 522,655 ± 106,762
and 505,354 ± 99,507 for the trapezium, respectively. These surface
model datasets obtained using a 3-D laser scanner were processed
with Geomagic Control software (3D Systems, South Carolina, USA)
in the STL file format. To create 3-D cartilage models, the bone
models were superimposed onto the cartilageþ bonemodels using
the iterative closest point algorithm18, encoding the thickness in-
formation of the cartilageþ bone model as a thickness map (Fig. 1).
With this algorithm, the two models were superimposed using
corresponding regions other than the articular cartilage surface to
decrease the odds of superimposition error.

Regions of interest

We imported the STL data of the cartilage þ bone models into a
commercially available software (Bone Simulator; Orthree, Osaka,
Japan) to define the regions of interest (ROIs). On the articular
surfaces of the first metacarpal and trapezium, the ROIs were set on
the basis of anatomical landmarks identified on the 3-Dmodels and
saved in the STL file format. Before the measurements, preliminary
analyses were conducted for the gross distribution of the cartilage
thickness using a statistical method. It was found that the cartilage
of the first metacarpal and trapeziumwas evenly distributed on the
articular surface in the radial-to-ulnar direction, whereas the
cartilage thickness of the first metacarpal decreased volarly
(Supplementary Information). We therefore decided to investigate
the trend in the dorsal-to-volar direction in detail. Of note, all
definitions and measurements involved the right TMC joint by
mirroring the left side.

In the first metacarpal, we used an orthogonal coordinate sys-
tem based on the International Society of Biomechanics (ISB)
recommendation19. The Y-axis was defined as the principal axis of
Fig. 2. Definitions of the regions of interest (ROIs). On the articular surfaces of the first meta
as D, CD, CV, and V, and as d, cd, cv, and v, respectively (see the text for the definition of ea
inertia of the first metacarpal andwas automatically computed. The
origin of the first metacarpal coordinate systemwas midway of the
Y-axis. The X-axis was defined as the axis forming a sagittal plane
that splits the first metacarpal into mirror images with the Y-axis,
and the Z-axis was the common line perpendicular to the X- and Y-
axes. The cartilage region was segmented in the cartilage þ bone
model, and the border of the articular surface was manually
selected by carefully tracing the visible perimeter of the cartilage
and referring to the subchondral bone surface of the bone mod-
el4,9,20e22. This ROI of the entire cartilaginous surface was named
TOTAL. Finally, this region was quadrisected in the dorsal-to-volar
direction by planes parallel to the Y�Z plane (coronal plane). The
ROIs located in the dorsal, central-dorsal, central-volar, and volar
sides were named D, CD, CV, and V, respectively (Fig. 2).

In the trapezium, we similarly used an ISB orthogonal coordi-
nate system23,24. The y-axis extended from the exact mid-point of
the central ridge of the trapezial saddle to the center of the junction
of the trapezium, scaphoid, and trapezoid (the mid-point was the
origin of the trapezial coordinate system). The x-axis ran in the
dorsal-to-volar direction along a line perpendicular to the central
ridge of the trapezium and passed through the mid-point of the
dorsal surface to the proximal volar pole of the tubercle of the
trapezium. The z-axis was perpendicular to the x- and y-axes and
nearly parallel to the central ridge of the articular surface. Similar to
the first metacarpal counterpart, the cartilage region, named total,
was manually segmented and quadrisected in the dorsal-to-volar
direction by planes parallel to the yez plane (coronal plane).
Additionally, the ROIs located in the dorsal, central-dorsal, central-
volar, and volar sides were named d, cd, cv, and v, respectively
(Fig. 2).

Cartilage thickness evaluation

We imported the STL data of the ROIs into Geomagic Control
software and measured the average cartilage thickness value for
each ROI (D, CD, CV, V, and TOTAL in the first metacarpal and d, cd,
carpal (left) and trapezium (right), the ROIs are defined in the dorsal-to-volar direction
ch coordinate axis).
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cv, v, and total in the trapezium). The thickness wasmeasured for all
points sampled on the articular surface by ascertaining the mini-
mum spatial distance between the cartilage þ bone and bone
models, and the cartilage thickness was obtained by averaging the
values of all points in a categorized region. The mean numbers of
points sampled within the articular surface were 33,911 ± 7,062 for
the first metacarpal and 35,169 ± 7,667 for the trapezium.
Radiographic evaluation

Based on the acquired CT data of specimens, we generated
digitally reconstructed radiographs of the TMC joint of the hand
(posteroanterior [PA] view) using a DICOM viewer (Synapse Vin-
cent; Fuji Film, Tokyo, Japan) to assess the radiographic severity
according to the EatoneGlickel classification (Fig. 3)25e27. We
defined the hand PA view so that the third metacarpophalangeal
joint was at the center27,28. Each TMC joint was graded for overall
radiographic OA using the Eaton classification system27 (1 ¼ slight
widening of the TMC joint space and normal articular contours;
2 ¼mild narrowing of the TMC joint space, spurs or debris < 2 mm
along the joint margins, and early erosion of the dorsal radial facet
of the trapezium; 3 ¼ marked narrowing of the TMC joint space,
debris > 2 mm, and cystic and sclerotic changes in the subchondral
bone; and 4 ¼ marked narrowing or destruction of the surfaces of
both the TMC joint and scaphotrapezial joint. Reportedly, this stage
involves multiple articular surfaces).
Statistical analysis

In this study, all statistical analyses were performed using IBM
SPSS, version 23.0 (IBM Corp., Armonk, NY, USA), and the signifi-
cance level was set at P < 0.05. We tested the normality of all var-
iables in the analyses using ShapiroeWilk parametric tests, and
measurements of all groups/subgroups exhibited a normal distri-
bution. Hence, we used parametric models in the statistical ana-
lyses in this study.
Fig. 3. Digitally reconstructed radiographs. The trapeziometacarpa
To detect differences in the cartilage thickness among D, CD, CV,
and V in the first metacarpal and d, cd, cv, and v in the trapezium,
data were analyzed using one-way analysis of variance and un-
paired t-tests with Bonferroni adjustment for multiple
comparisons.

Correlations of cartilage thickness measurements with age and
sex were investigated using Pearson correlation coefficients (r) for
each ROI. The strength of correlation was classified as slight
(r < 0.2), low (r ¼ 0.2e0.4), moderate (r ¼ 0.4e0.7), or high
(r > 0.7)29.

Before the analyses, interobserver reproducibility of three au-
thors (S.M., R.S., and H.T.) for Eaton grade scoring was assessed
using the intraclass correlation coefficient (ICC). Subsequently, we
compared the Eaton grades with cartilage measurements for each
ROI using r to assess the correlations between region-specific
cartilage thickness patterns and radiographic severity.

Priori power analyses (adjusted alpha ¼ 0.05/4 ¼ 0.0125,
beta ¼ 0.2, two-tailed) were conducted to detect a cartilage thick-
ness difference of 0.15 ± 0.12 mm10. In analyses of both the first
metacarpal and trapezium, the minimum sample size to identify
meaningful differences was 16 specimens.
Results

The cartilage wear patterns were represented as 3-D thickness
maps of the first metacarpal and trapezium from typical subjects
(Fig. 4). Figures 5A and 5B show the distributions of the cartilage
thickness measurements of the first metacarpal and trapezium. In
the first metacarpal, the cartilage thickness tended to decline vol-
arly (themean cartilage thickness of Vwas 0.32± 0.16mm,whereas
that of D was 0.53 ± 0.18 mm). Statistically significant differences
were noted between the following regions: D vs CV, D vs V, CD vs
CV, and CD vs V (Table IA). Conversely, the cartilage in the trapezium
was evenly distributed in the dorsal-to-volar direction on the
articular surface (the mean cartilage thickness values of d, cd, cv,
and v were 0.46 ± 0.18 mm, 0.37 ± 0.17 mm, 0.35 ± 0.19 mm, and
l (TMC) joint is graded in the hand posteroanterior (PA) view.



Fig. 4. Three-dimensional cartilage distribution patterns of the first metacarpal (left) and trapezium (right).

Fig. 5. Cartilage thickness distributions for the first metacarpal (A) and trapezium (B). Results are shown for divided ROIs (filled circle) and their total (open circle). Abscissa,
cartilage thickness (mm); ordinate, ROIs. Asterisks indicate statistically significant differences (*P < 0.05 and **P < 0.01). SD, standard deviation; IQR, interquartile range.

Table IA
Comparison of the first metacarpal cartilage thickness among D, CD, CV, and V [mm]

ROI data P-value P-value with Bonferroni adjustment

D CD CV V TOTAL One-way
ANOVA

D vs CD D vs CV D vs V CD vs CV CD vs V CV vs V

Mean ± SD 0.53 ± 0.18 0.48 ± 0.12 0.37 ± 0.14 0.32 ± 0.16 0.43 ± 0.11 < 0.001 >0.999 0.016 < 0.001 0.048 0.004 >0.999
Median [IQR] 0.54 [0.38, 0.72] 0.49 [0.43, 0.56] 0.37 [0.31, 0.44] 0.31 [0.26, 0.40] 0.40 [0.36, 0.51]
Range 0.28e0.80 0.26e0.69 0.05e0.61 0.02e0.68 0.21e0.63

SD, standard deviation; IQR, interquartile range; ANOVA, analysis of variance.
Statistically significant P-values (P < 0.05) are indicated in bold.
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0.38 ± 0.19 mm, respectively. However, we did not detect any sta-
tistical differences among the ROIs (Table IB).

Cartilage measurements showed high-to-moderate correlations
with age in CD, CV, V, and TOTAL of the first metacarpal (r ¼ �0.53
to �0.78) and in all ROIs of the trapezium (r ¼ �0.58 to �0.75)
[Fig. 6(A)]. Additionally, the measurements showed moderate cor-
relations with sex in CV and V of the first metacarpal (r ¼ �0.54
and �0.61, respectively) and in cd, cv, v, and total of the trapezium
(r ¼ �0.50 to �0.52) [Fig. 6(B)].

All specimens were radiographically categorized according to
the Eaton grade as follows: Eaton grade 1, zerojoints; Eaton grade 2,
five joints; Eaton grade 3, eight joints; and Eaton grade 4, six joints.
The ICC of Eaton grade scoring was 0.87 for interobserver repro-
ducibility. In no specimen, all three observers provided a different
grade, and Eaton grades matching for at least two observers were
used in the analysis. Figure 7 presents the correlations of the Eaton
grades with cartilage measurements for the different ROIs. In the
first metacarpal, cartilage measurements showed high-to-
moderate correlations with the Eaton grades in CV and V
(r ¼ �0.70 and �0.48, respectively) and low correlations with the
Eaton grades in D, CD, and TOTAL (r ¼ 0.29, �0.22, and �0.34,
respectively). On the other hand, in the trapezium, cartilage



Table IB
Comparison of the trapezial cartilage thickness among d, cd, cv, and v [mm]

ROI data P-value P-value with Bonferroni adjustment

d cd cv v total One-way
ANOVA

d vs cd d vs cv d vs v cd vs cv cd vs v cv vs v

Mean ± SD 0.46 ± 0.18 0.37 ± 0.17 0.35 ± 0.19 0.38 ± 0.19 0.39 ± 0.17 0.375 0.392 0.304 0.68 >0.999 >0.999 >0.999
Median [IQR] 0.44 [0.31, 0.63] 0.38 [0.23, 0.48] 0.36 [0.20, 0.50] 0.31 [0.25, 0.46] 0.40 [0.24, 0.52]
Range 0.23e0.81 0.09e0.69 0.09e0.78 0.13e0.78 0.14e0.76

SD, standard deviation; IQR, interquartile range; ANOVA, analysis of variance.
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measurements showed high-to-moderate correlations with the
Eaton grades in cd, cv, v, and total (r ¼ �0.59 to �0.72).

Discussion

In this study, we created 3-D cartilage models from cadaveric
TMC joints using a laser scanner and quantitatively analyzed the
cartilage wear pattern in severe OA cases. The findings of the first
metacarpal revealed that greater disease stage is associated with
more severe cartilage wear on the volar side, whereas the findings
of the trapezium interestingly revealed that the cartilage evenly
degenerated throughout the articular surface in the late disease
stage. Particularly, cartilage measurements showed good correla-
tions with age and sex in the regions where cartilage thinning was
remarkable. Furthermore, we investigated the correlations be-
tween cartilage thickness measurements and OA severity according
to the Eaton grading system. Correlation analyses revealed good
correlations between radiographic staging and cartilage measure-
ments in these regions as well.

A challenge in quantifying the cartilage wear of the TMC joint,
particularly in the advanced OA stage, arises because of its thinness,
its shape complexity, and the spatial variability of its worn-out
pattern. Until now, few anatomical studies focused on the carti-
lage thickness of the TMC joint. Koff et al. reported that the mean
cartilage thicknesses of the first metacarpal and trapezium under
normal conditions were approximately 0.7 and 0.8 mm, respec-
tively10. In addition, there is consensus that cartilage degeneration
of the first metacarpal originates and progresses from the volar
area4,10,30e32. On the other hand, cartilage thinning in the trape-
zium is considered to volarly expand; however, this contradicts our
findings4,10,31. These patterns were identified to have close relations
to high load bearing in previous contact area studies9,22,33e40. With
regard to age- and sex-related associations, our correlation analyses
supported the trends of cartilage wear pattern in both the first
metacarpal and trapezium, although Halilaj et al. reported that
cartilage thickness does not differ according to age and sex in
normal or early OA subjects41. Efforts have been focused on the
radiographic detection of this cartilage degeneration, and the Eaton
classification was developed and validated on the basis of treat-
ment follow-up results of OA cases27,32,42. Particularly, radiographic
staging is consideredmore sensitive to detect advanced-stage OA10.
To the best of our knowledge, to date, only few studies have
investigated the 3-D cartilage wear patterns during late OA of the
TMC joint4,9,10, further associating with the radiographic classifi-
cation. Hence, this study adds relevant information to the findings
of previous anatomical studies in these aspects.

The results of the first metacarpal revealed that the cartilage
tended to be thinner at the volar region of the articular surface,
which is almost similar to the findings reported in previous stud-
ies4,10,30e32. This was supported by evidence indicating that the
greatest contact occurs on the volar surface with daily activities,
which provided a theory that abnormally high stresses, such as so-
called “screw-home torque,” might initiate or exacerbate OA
progression in the articular cartilage9,10,22,33e40. Furthermore,
measurements showed high-to-moderate correlations with Eaton
grades in the region of the volar aspect where the cartilage thick-
ness was markedly lower, and this supported our cartilage finding
of a volar-dominant wear pattern in the advanced OA stage.
Conversely, the cartilage of the trapezium was evenly thin across
the entire articular surface, and measurements showed high-to-
moderate correlations with Eaton grades. With regard to the tra-
pezial cartilage wear pattern, the findings were not completely
consistent with those of previous studies suggesting that cartilage
degeneration progresses in the volar portion4,10,31. This could be
primarily attributed to the fact that our subjects were in the
advanced stage of OA, and osteophyte formation, morphological
changes of the bones, and soft tissue contracture among individuals
in the advanced stage might contribute to cartilage wear by aug-
menting joint incongruity and altering contact loading. Addition-
ally, some findings with regard to our cartilagemeasurements, such
as good correlations with age and sex and even distributions on the
first metacarpal and trapezial articular surfaces in the radial-to-
ulnar direction, were not consistent with the results in previous
reports4,10,31,41. This might also be explained by the characteristics
of the study population. Overall, the volar region of the cartilage of
the first metacarpal could become articulate with the entire carti-
laginous surface of the trapezium within the subluxated joints as
the disease progresses; thus, cartilage wear patterns varied be-
tween the first metacarpal and trapezium in our advanced OA
specimens. This might explain why cartilaginous and bony degra-
dations of the first metacarpal show patterns that differ from those
of the trapezium in advanced OA stages4,9,10,21.

The present study had several strengths. First, we analyzed the
3-D cartilage wear patterns with a focus on the advanced stage of
degeneration. Elucidating regional variation in cartilage loss is
essential for ascertaining the articular cartilage wear pattern of the
TMC joint, and it enables the illustration of the etiology of TMC OA.
In addition, our findings were clinically relevant with regard to the
treatment options for advanced OA. The leading surgical options for
advanced-stage OA include complete or partial trapeziectomy,
which are often applied in combination with arthroscopic inter-
vention, ligament reconstruction, or interposition suspension-
plasty43. Furthermore, the findings of this study could be useful in
arthroscopic procedures, and the findings of the residual first
metacarpal cartilage would help to realign the joint or reconstruct
the ligament.

Conversely, the present study had several potential limitations.
First, we only included specimens from elderly subjects, and there
were no comparisons with normal control data from young and
healthy specimens. However, only subjects with advanced-stage OA
were included; hence, our findings can be considered representa-
tive of patients with advanced disease. Additionally, we consider
our measurements of worn-out cartilage as reasonable when
referring to previous results that indicated a normal cartilage
thickness of 0.7e0.8 mm10. Hence, our findings add highly relevant
information to existing data. Second, we used cadavers fixed in



Fig. 6. Correlations of the cartilage thickness with age (A) and sex (B) for the first metacarpal (left) and trapezium (right). Results are shown for divided ROI (filled circle) and their
total (open circle). Abscissa, cartilage thickness (mm); ordinate, age or sex.
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Fig. 6. (continued).
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Fig. 7. Correlations between the cartilage thickness and the Eaton grade for the first metacarpal (left) and trapezium (right). Results are shown for divided ROI (filled circle) and
their total (open circle). Abscissa, cartilage thickness (mm); ordinate, Eaton grade.
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formalin. However, several studies have reported that formalin
fixation has no measurable effect on the cartilage thickness or
geometric configuration within joints44e46. Third, our study sub-
jects were sampled without considering potential differences in
age and sex. Correlation analyses supported the study results;
however, a true correlation might have been overlooked or over-
estimated. Fourth, our sample size was insufficiently large, and the
study was designed assuming a large effect size. Hence, a true
difference might have been overlooked. Finally, no clinical data
were obtained. As an illustration, considering the close association
between cartilage wear patterns and age in the present study,
cartilage wear might not progress as much in young OA patients;
however, we often encounter young patients with pain related to
TMC OA in the clinical setting. Thus, cartilage wear might not al-
ways represent clinical symptoms. For conclusive data, further
studies are warranted to overcome these limitations and enhance
the generalizability of the findings.

Conclusions

We identified regional variations in the cartilage wear patterns
of the first metacarpal and trapezium during different OA stages by
analyzing 3-D laser-scanned models, and our findings were sup-
ported by correlations with the Eaton grading system. A greater
disease stage is associated with more severe wear at the volar re-
gion of the cartilage in the first metacarpal, whereas the cartilage is
evenly degenerated throughout the articular surface in the trape-
zium, which can be considered novel and unprecedented obser-
vations. These findings provide additional insights for the
elucidation of the etiology of TMC OA.
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