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This study aims to assess ligament lesions and 
subluxations of the carpometacarpal (CMC) joint 
of the thumbs and the role that these ligament 
ruptures play in the pathophysiology of osteoarthritis 
(OA). Twenty-five fresh-frozen cadaver hands were 
dissected. There were 14 female and 11 male with 
mean age 65 years (51-92 years old). The origin, 
insertion, and fibre orientation of the ligaments were 
identified based on Berger´s anatomical descriptions. 
Length, thickness and width of the main ligaments 
were measured. The ligament ruptures and the 
metacarpal translation associated with these ruptures 
were measured (mm). Cartilage thickness in the 
trapezium and metacarpal of specimens was assessed. 
We investigated the relationship between the ligament 
ruptures and the area of chondromalacia and OA. In 
the specimens that showed an isolated or combined 
rupture in DRL we found a significant increase in 
the dorsal translation of metacarpal with a mean 
of 1.7 mm. Statistical analysis of data demonstrates 
a significant difference (P = 0.006). There was a 
relationship between the presence of a tear in the DRL 
and OA in the radial quadrants (P = 0.032). These 
observations suggest a translation of metacarpal on 
trapezium in the production of arthritic lesions and 
support a hypothesis that pathologic joint instability 
could be a cause of CMC osteoarthritis. This study 
suggests that repairing the DRL during ligament 
reconstruction of the CMC joint should be considered. 

Keywords : Trapeziometacarpal joint ; Dorsoradial 
ligament ; Beak ligament ; Anatomical study ; Car-
pometacarpal osteoarthritis.

INTRODUCTION

The basal joint of the thumb is supported by a tough 
capsule, with strong ligaments on the volar, dorsal, 
and lateral aspects. As many as 16 ligaments around 
the joint have been described by Bettinger et al. (2). 
Four ligaments and the joint capsule are the main 
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stability of the TM joint is debatable. Eaton and 
Littler (8) believed that the AOL is the key stabilizing 
structure and give little credit to the dorsal ligaments 
in joint stability. Pellegrini (17) showed that the 
degeneration of the AOL increases shear forces 
across the joint, leading to OA and subluxation of 
the joint. Others authors found the DRL, POL and 
IML to be the key stabilizers of the joint (5,12). 
Strauch et al. (19) studied the importance of the TM 
joint ligaments in providing stability to the joint. 
Serial sectioning of the ligaments was performed 
on 38 cadaver thumbs. The primary restraint to 
dorsal dislocation was found to be the DRL with 
significant contributions from the other 3 ligaments. 
In these studies the four main ligaments contributed 

Fig. 1. — Scheme showing the ligaments of the trapezium and 
trapeziometacarpal (TM) joint: A) dorsal aspect and B) Volar 
aspect. DRL = Dorsoradial ligament, AOL = Anterior oblique 
ligament, POL = Posterior oblique ligament, UCL = Ulnar 
collateral ligament, IML =Intermetacarpal ligament, DIML 
= Dorsal intermetacarpal ligament, TCL = Transverse carpal 
ligament, and RST = radio-scaphotrapezial ligament.

Fig. 2. — Photographs showing the main stabilizers ligaments of the TM joint: A) dorsal aspect and B) volar aspect. 

stabilizers of the trapeziometacarpal (TM) joint. 
These ligaments are the dorsoradial (DRL), anterior 
oblique (AOL), posterior oblique ligaments (POL), 
and intermetacarpal (IML) (2,4,19) (Figs. 1 and 2). 
The importance of each of these ligaments in the 

to TM joint stability (12,16). Ligamentous laxity and 
repeated longitudinal stress could produce attrition 
of the dorsoradial facet of the trapezium (7). A 
greater understanding of the pathogenesis of CMC 
joint OA may be clinically useful. Determining the 
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articular cartilage wear pattern of the thumb CMC 
joint is important in elucidating the etiology of OA 
(10). The purpose of the study was : (1) to describe 
the anatomy and dimension of the thumb CMC 
joint ligaments ; (2) to assess the ligament lesions 
and the degree of subluxation of the CMC joint 
of the thumbs ; (3) to measure cartilage thickness 
in the trapezium and metacarpal and pattern of 
chondromalacia and OA ; (4) to measure location 
and contact area in TM joint in opposition, palmar 
abduction and radial abduction. We investigated 
the role that these ligament ruptures play in the 
pathophysiology of the OA.

MATERIALS AND METHODS

Twenty-five fresh-frozen cadaver hands were 
dissected of all soft tissue to expose the joint 
capsule and ligaments of the TM joint. There were 
14 female and 11 male with mean age 67 years 
(51-94 years old). Exposure of the CMC joint was 
achieved through a combined dorsal and volar 
approach. The dissection was performed under x4.5 
loupe magnification. The origin, insertion, and fibre 
orientation of the ligaments were identified based 
on Berger´s anatomical descriptions (1). Length and 
width of the ligaments were measured in a position 
of in situ maximal passive tension as described 
by Bettinger et al. (2) with a digital caliper (CDC-
P30PMX, Mitutoya, Kawasaki, Japan ; 0.01 mm). 
All ligament dimensions were obtained using a 
precision caliper accurate to 0.05 mm and were 
made after removing individual bone-ligament-bone 

complexes from the hand. Lengths were measured 
between the intra-articular attachments (from within 
the joint). Width and thickness measurements were 
made while suspending the bone-ligament-bone 
complexes in air. The prevalence of each ligament, as 
well as the location of their bony insertions and fiber 
orientations were documented. We showed the main 
ligaments and also the ligament ruptures in IML, 
AOL or beak ligament, POL and DRL. We described 
the location of the ligament tears and whether these 
ruptures were partial or total. The stability of the 
joint was evaluated with the first metacarpal in 
neutral, flexed, and extended positions. Dorsoradial 
displacement and translation of the metacarpal 
shaft in relation to the trapezium was measured 
in millimeters (mm). The joints were dissected to 
expose the articular surface of both the trapezium 
and metacarpal without damaging to the cartilage. 
Each joint was staged visually for OA by using an 
anatomic grading method previously reported by 
Xu et al. (21). Cartilage thickness in the trapezium 
and metacarpal of specimens was measured. 
Cartilage thickness was evaluated as the distance 
from the articular surface to the corresponding 
subchondral bone surface. We described the 
degree of degenerative changes using the stanging 
protocol to describe visual degeneration by Koff 
et al. (10) (Table 1). In addition to the assessment 
of surface coverage of fibrillation, pitting, clefts, 
and osteophyte formation, a hand-held depth probe 
for estimating the depth of cartilage lesions, under 
x4.5 loupe magnification was used to help assign 
OA stage. Each joint was then assigned an overall 
stage according to the hightest level of degeneration 

Visual Stage Cartilage State Description
I Normal Smooth, shiny, intact surface
II Early degeneration Matted, dull surface
IIa Localized fibrillation and/or pitting < 25% of total surface < 25% of depth
IIb Moderate fibrillation and/or pitting < 50% of total surface < 25% of depth
IIc Pervasive fibrillation and/ or localized < 50% of total surface < 25% of depth
III Progressive degeneration: pitting, with 

or without fibrillation, Fissures, clefts, 
blisters, deep fissures, clefts to bone

> 25% of depth

IV End-stage degeneration: Bone 
eburnation, osteophytes

Table I. — Stanging Protocol to Describe Visual Degeneration of OA Articular Cartilage
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RESULTS

Anatomical description and dimension of the 
ligaments. 

Seven principal ligaments of the thumb CMC 
joint were identified using Berger´s principles 
(1) : three dorsal deltoid-shaped ligaments (dorsal 
radial, dorsal central, posterior oblique), two volar 
ligaments (anterior oblique and ulnar collateral) 
and two ulnar ligaments (dorsal trapeziometacarpal 
and intermetacarpal). The DRL is covered on its 
dorsoradial side by the Abductor Pollicis Longus 
(APL), which attaches distally on the lateral side 
on the first metacarpal and is located radially to 

observed at any site on the trapezium or metacarpal. 
The OA was analysed by four anatomic quadrants 
(dorsal-radial, dorsal-ulnar, volar-radial, volar-
ulnar). We investigated the relationship between the 
ligament ruptures and the area of chondromalacia 
and OA. 

The contact area of the TM joint was studied by 
Momose´s method (15). Similar to these authors, 
we calculated in opposition, palmar abduction, and 
radial abduction the total joint area, the contact area 
between trapezium and metacarpal and the ratio. 
Measurements of the total joint area and contact area 
were made in cm2 and the ratio of the contact area 
to the contact joint area was calculated. Orientation 
of the TM joint was determined with reference to 
the plane of the thumbnail, which defined the dorsal 
position. The articular surfaces of the trapezium and 
metacarpal were divided into four segments : dorsal-
radial, dorsal-ulnar, volar-radial, volar-ulnar. The 
total joint area of the trapezium (A) and metacarpal 
(B) and the noncontact area of the trapezium (a) 
were calculed. The contact area of the trapezium 
was calculated subtracting the noncontact area of 
the trapezium from the total area of the trapezium 
(A-a). The contact area of the trapezium was equal 
to that of the metacarpal ; the contact area of the 
metacarpal was therefore A-a. Because the size of 
each joint was different, the ratio of the contact area 
to the total joint area in the trapezium was (A-a/A) x 
100%. The ratio of the contact area to the total joint 
area in the metacarpal was (A-a/ B) x 100%. 

The information from anatomic dissections was 
organized by means of the SPSS 18 computer 
software system and this software was also used for 
the statistical analysis. We correlated the ligaments 
disruptions with metacarpal translation and the 
arthritic changes. The total joint area of the trapezium 
(A) and metacarpal (B) and the noncontact area of 
the trapezium (a) were calculed in mm2 and the 
ratio in %. Categorical variables were analysed in a 
univariate model by means of X2 contingency table 
analysis. Statistical analysis of data was performed 
with the Chi-square test and the level of significance 
was P < 0.05. Comparison between means of the 
surface of the trapezium and metacarpal was made 
with the Student’s t-test. 

Fig. 3. — Stability of the TM joint of the thumb associated 
with the dorso-radial ligament complex. 
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the DRL and IML in 4 (16%), combined rupture 
of the AOL and IML in 2 (8%) joints. The mean 
metacarpal displacement due to isolated rupture of 
the ligaments was DRL 1.6 mm, AOL 1.1 mm, POL 
0.2 mm and IML 0.4 mm. The mean metacarpal 
displacement due to combined rupture of the DRL 
and IML was 1.7 mm ; and combined rupture of the 
AOL and IML was 1.3 mm. We have correlated the 
isolated or combined ligament ruptures with the 
metacarpal displacement. There was a relationship 
between the presence of a DRL rupture and the 
presence of metacarpal displacement. Statistical 
analysis of the anatomical data demonstrates a 
significant difference (P = 0.006) (Table 3).

Chondromalacia and osteoarthritis

We found 2 cases OA stage I, 7 cases OA stage II 
(1 IIa, 3 IIb and 3 IIc), 9 OA stage III and 7 OA stage 
IV (Fig. 6). We have correlated the isolated rupture 
of the DRL, AOL, IML and combined ruptures 
(DRL and IML ; AOL and IML) with the arthritic 
changes in the four anatomical quadrants (dorsal-
radial, dorsal-ulnar, volar-radial, volar-ulnar). 
Statistical analysis with X2-test found these results 
P = 0.032, P = 0.649, P = 0.617, P = 0.041, P = 0.635, 
respectively. There was a relationship between the 
presence of a tear in the DRL and the presence of 
OA in the radial quadrants (P = 0.032). We showed 
that cartilage degradation is initiated in the radial 
quadrants of the metacarpal and progresses to the 
volar quadrants of the articular surface (Fig. 7). 

Contact locations and area

In opposition, the contact area of the trapezium 
was located in the radial, volar and ulnar segments 
of the joints. The contact area of the metacarpal was 
in the dorsal, radial, and volar segments. In palmar 
abduction, the contact area of both the trapezium 
and metacarpal was in the radial segments. In radial 
abduction, the contact area of both the trapezium 
and metacarpal was in the dorsal segments. We 
calculated the surface of the trapezium and the first 
metacarpal. The average trapezium surface was 
281.3 mm2 (SD = 63.9). The average metacarpal 
surface was 252.7 mm2 (SD = 43.1). Both surfaces 
are similar and the results are not statistically 

the POL, which is immediately adjacent to the 
DRL. The APL had a distal insertion divided into 
superficial part and deep part. The superficial part 
is inserted with one or more tendons into the radial 
side of the base of the first metacarpal bone, and 
the deep part is variably inserted into trapezium, the 
joint capsule and its ligaments, and into the belly 
of Abductor Pollicis Brevis or Opponens Pollicis. 
An accessory APL tendon was present in more 
than 90% of the specimens. The DRL originates 
from the dorsoradial tubercle on the trapezium and 
inserts the dorsal edge of the base of first metacarpal 
(Fig. 3). The average length of the DRL obtained 
during dissection was 12.8 mm (SD = 0.6). The 
average thickness of the DRL was 1.3 mm (SD 
= 0.3) and the average width was 6 mm (SD = 
0.5). The AOL is located just beneath the thenar 
muscles and is intimately linked to them. The AOL 
originates from the volar tubercle of the trapezium 
and inserts across the volar ulnar tubercle (palmar 
beak) of the first metacarpal. The average length of 
the AOL obtained during dissection was 12.6 mm 
(SD = 1.5). The average thickness of the AOL was 
0.7 mm (SD = 0.4) and the average width was 5.2 
mm (SD = 0.3) (Fig. 4 and 5) (Table 2). 

Ligament ruptures

Ligament lesions were found in all 25 specimens. 
Isolated rupture of the dorsoradial ligament (DRL) 
was found in 10 (40%), isolated rupture of the anterior 
oblique ligament (AOL) was found in 7 (28%), 
isolated rupture of the intermetacarpal ligament 
(IML) was found in 2 (8%). Combined rupture of 

Ligament Length (mm) Width (mm) Thickness (mm)

DRL 12.8 +- 0.6 6 +- 0.5 1.3 +- 0.3
AOL 12.6 +- 1.5 5.2 +- 0.3 0.7+- 0.4
POL 11.6 +- 1.3 4.1 +- 0.1 1.4 +- 0.3
UCL 9.8 +- 0.9 4.7 +- 0.2 1.1 +- 0.4
IML 11.2 +- 0.6 2.6 +- 0.4 0.8 +- 0.1

Table II. — Ligament dimensions *

* The values are given as the mean and standard deviation. 
DRL= Dorsoradial ligament, AOL= Anterior oblique ligament, 
POL= Posterior oblique ligament, UCL= Ulnar collateral 
ligament, and IML= Intermetacarpal ligament. 
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Ligament rupture (cases) Mean metacar-
pal displacement 
(mm)

X 2 test (P< 0.05) 

DRL 10 1.6 0.01
AOL 7 1.1 0.449
POL 0 0.2 0.821
IML 2 0.4 0.617
Combined DRL + IML 4 1.7 0.006
Combined AOL + IML 2 1.3 0.325

Table III. — Ligament ruptures and metacarpal displacement *

* DRL= Dorsoradial ligament, AOL= Anterior oblique ligament, POL= 
Posterior oblique ligament, and IML= Intermetacarpal ligament. 

Fig. 4. — Anatomical structure and insertion of the anterior 
oblique ligament (AOL) in the CMC joint of the thumb.

Fig. 5. — Sagittal section of the thumb. Anterior oblique 
ligament (AOL) and dorso-radial ligament (DRL). 
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DISCUSSION

Osteoarthritis at the base of the thumb most 
frequently presents in association with involvement 
of other joints in one or two common patterns of 
disease. Primary idiopathic OA affects the distal 
interphalangeal joint most frequently (85%) with 
TM involvement in 65% of the cases (17). Eaton 
and Littler (7,8) have suggested that the dorsoradial 
facet of the TM joint was the first site to be involved 
with degenerative disease. Seeing this region of the 
joint during surgical reconstruction demonstrated 
chondromalacic articular cartilage. The hypothesis 
for the cause of TM osteoarthritis could include 
attritional changes in the ligaments preferentially 
DRL and AOL. The dorsopalmar translation of the 
metacarpal on the trapezium during normal activities 
and the degenerative changes could increase with 
different factors (4). One factor is the laxity of the 
CMC joint capsule. This laxity could be due to 
trauma, age or systemic synovial inflammation and 
also to partial or total ligament ruptures (8). The other 
factor is compressive loading in joint surface during 
movements. Eaton and Littler (8) hypothesized that 
the peripheral area adjacent to the APL insertion 
experienced direct compressive loading and joint 
surface impingement in the functional position 
of palmar abduction and extension. Joint surface 
contact pressure patterns in a cadaver model 
simulating lateral pinch have confirmed the primary 
loading areas to be in the same palmar regions of 
the joint as the eburnated surfaces in diseased joints 
(18). Biochemical analysis of the hyaline cartilage 
from arthritic TM joints showed preferential loss of 
glycosaminoglycan from the extracellular matrix 
with sparing of collagen in the palmar regions. 
These findings are consistent with other studies and 
suggest a selective biochemical degradation of the 
cartilage matrix (13). 

However, the role of the main ligaments in CMC 
joint it is still under discussion. Some authors (3,4,19), 
supported by previous biomechanical studies, 
identified the DRL as the ligament that stabilizes 
the CMC joint and prevents joint subluxation. 
Anatomically, the DRL is one of the thickest 
and broadest ligaments in the CMC joint and its 
function is to prevent dorsoradial subluxation of the 

significant (Student’s t-test 0.643). The contact area 
was the largest in opposition. Measurements of the 
total joint area and contact area were taken and 
the ratio of the contact area to the total area was 
calculated. On average, 54.8% of the trapezium 
was in contact with 55.3 % of the metacarpal in 
opposition, while 30.2 % of the trapezium was in 
contact with 26.4 % of the metacarpal in palmar 
abduction and 23.5 % of the trapezium was in contact 
with 21.7 % of the metacarpal in radial abduction. 
The ratio of the contact area to the total joint area 
was largest in opposition for the trapezium and the 
metacarpal (p < 0.01).

Fig. 6. — Chondromalacia in the articular surface of the 
trapezium. Concavoconvexity of trapezium analogous to a 
saddle. 

Fig. 7. — Cartilage degradation is initiated in the radial 
quadrants of the metacarpal and trapezium and progresses to 
the volar quadrants of the articular surface.
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thumb at maximum angle of opposition, palmar 
abduction and radial abduction to investigate the 
contact area in the position of pinch and grasp. Our 
results showed that the ratio of the contact area to 
the total joint area was largest in opposition for the 
trapezium and the metacarpal (p < 0.01). 

Limitations of the study

There are some limitations in the study. This 
is an experimental study and the mean age of our 
specimens was relatively high (65 years). The age of 
the specimens may have had an impact on ligament 
integrity and osteoarthritis.

Clinical relevance

Stability of the CMC joint of the thumb relies 
on muscles, tendons, and ligaments crossing the 
joint. Laxity of the ligaments has been proposed 
as a mechanism for the development of OA of the 
TM joint. Understanding ligament function and 
its relevance is primordial in optimizing surgical 
interventions. We need to know the ligament 
functions to reconstruct the ligament or ligaments 
that give the joint stability. Our study suggests that 
translation of the metacarpal on trapezium was 
associated to DRL ruptures. These lesions produce 
joint instability and also cartilage degeneration. 
Our results support the hypothesis of pathologic 
joint instability as the cause of TM osteoarthritis. 
This study suggests that repairing the DRL during 
ligament reconstruction of the CMC joint of the 
thumb should be considered. 
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