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Abstract The objective of this study
was to characterize the appearance
of the hamatolunate facet using high-
resolution magnetic resonance (MR)
arthrography in cadavers and to cor-
relate the presence of this anatomic
variant with the presence of osteoar-
thritis in the wrist. High-resolution
MR images of 22 cadaveric wrist
specimens were obtained after tri-
compartmental arthrography. Two
readers in consensus analyzed the
MR images and recoded the pres-
ence or absence of a hamatolunate
facet. Geometric characteristics and
cartilage and ligament integrity were
analyzed. A third reader, who was
blinded to the purpose of the study,
recorded cartilage lesions of all the
bones of the proximal and distal car-
pal rows. A hamatolunate facet was
present in 11 of 22 wrists (50%). The
mean coronal size of the lunate facet
at the lunate (type II lunate) was
4.5 mm (range, 2–6 mm). The high-

est frequencies of cartilage lesions
were seen in the scapho-trapezio-
trapezoid joint (45.5%) and at the
proximal pole of the hamate (54.4%
and 40.9% for consensus read-
ing/blinded reading, respectively). In
cases with a hamatolunate facet, the
frequency of cartilage lesions in the
proximal pole of the hamate was
81.8% and 63.6% versus 27.3% and
18.2% without such a facet (chi-
squared, P=0.01/P=0.03). No corre-
lation of the presence of a hamatolu-
nate facet with interosseous ligament
tears or lesions of the triangular fi-
brocartilage was seen. In conclusion,
the hamatolunate facet is a very
common anatomic variant. The pres-
ence of a hamatolunate facet is asso-
ciated with cartilage damage in the
proximal pole of the hamate.

Keywords Magnetic resonance 
imaging · Arthrography · Wrist 
Anatomy · Cartilage

Skeletal Radiol (2002) 31:451–456
DOI 10.1007/s00256-002-0529-5 A RT I C L E

C. W. A. Pfirrmann
N. H. Theumann
C. B. Chung
D. J. Trudell
D. Resnick

The hamatolunate facet: characterization
and association with cartilage lesions – 
magnetic resonance arthrography 
and anatomic correlation in cadaveric wrists

Introduction

The hamatolunate facet is an anatomic variant of the
midcarpal joint of the wrist consisting of an additional
articulation between the hamate and lunate bones [1].
Usually only one distal articular facet, articulating with
the capitate bone, is present in the lunate bone. In cases
with a hamatolunate facet, a second facet in the ulnar
side of the lunate bone articulates with the proximal pole
of the hamate. A lunate with this additional facet has
been termed a type II lunate, while a type I lunate does
not have this additional facet [2, 3, 4]. The reported fre-

quency of a hamatolunate facet has varied between 44%
[3] and 73% [1]. This facet has received a great deal of
attention by hand surgeons because of its strong associa-
tion with marked cartilage lesions in the proximal pole
of the hamate and with ulnar-sided wrist pain [1, 2, 3, 4,
5, 6]. Cadaveric dissection studies have demonstrated
that the proximal pole of the hamate is the most frequent
site of cartilaginous lesions in the wrist overall [1]. Re-
ports investigating the imaging characteristics of this an-
atomic variant are sparse [7]. The diagnosis of a hamato-
lunate facet is not reliable using conventional radio-
graphs [8]. Moreover, in studies assessing the frequent
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sites of degenerative articular diseases of the wrist using
conventional radiographs, the proximal pole of the ha-
mate usually is not depicted [9]. Several reports indicate
that a reliable diagnosis of this anatomic variant and,
more importantly, the associated chondral lesions re-
quires midcarpal arthroscopy [4, 8, 10]. Reports regard-
ing therapeutic surgical management of pain related to
the associated cartilage damage have recently been pub-
lished [8, 11].

The purpose of our study was to characterize the ap-
pearance of the hamatolunate facet and the so-called type
II lunate using high-resolution magnetic resonance (MR)
arthrography in cadavers and to correlate the presence of
this anatomic variant with the presence of osteoarthritis.

Materials and methods

Specimens and image acquisition

Twenty-two wrists were harvested from non-embalmed cadavers
(mean age at death, 75 years; age range at death, 45–90 years).
The specimens were derived from arms cut through the midpor-
tion of the radius and ulna. The specimens were immediately
deep-frozen at –40°C (Forma Bio-Freezer, Forma Scientific, Mari-
etta, OH) and then were allowed to thaw for 24 h at room tempera-
ture prior to MR imaging. Before imaging, the radiocarpal, mid-
carpal, and the distal radioulnar joints were injected with a solu-
tion of 1 ml gadolinium dimeglumine (Magnevist, Schering, Ber-
lin, Germany) diluted in 250 ml of saline mixed with an equal
amount of iodinated contrast agent (Omnipaque 350; Nycomed
Amersham, Princeton, NJ).

MR images were acquired with a 1.5-T MR scanner (Signa;
GE Medical Systems, Milwaukee, WI) using a dedicated receive-
only wrist coil. The wrists were placed palm down parallel to the
gantry table in a neutral position. Coronal, T2-weighted (TR:
4000 ms, TE: 125 ms) and proton density (PD) images (TR:
4000 ms, TE: 25 ms) images were obtained with fat saturation
(slice thickness: 2 mm; interspace gap: 0.5 mm; matrix size:
512×256 pixels; field of view, FOV: 8 cm×8 cm; two acquisi-
tions). Coronal, T1-weighted spin echo (TR: 500 ms, TE: 12 ms;
slice thickness: 2 mm; interspace gap: 0.5 mm; matrix size:
512×256 pixels; FOV: 6 cm×6 cm; two acquisitions), sagittal fat-
saturated T1-weighted spin echo (TR: 500 ms, TE: 12 ms; slice
thickness: 2.5 mm; interspace gap: 0.5 mm; FOV: 8 cm×8 cm; ma-
trix size: 512×256 pixels; two acquisitions) and axial T1-weighted
(TR: 500 ms, TE: 12 ms; slice thickness: 2.5 mm; interspace gap:
0.5 mm; FOV: 6 cm×6 cm; matrix size: 512×256 pixels; two ac-
quisitions) spin echo MR images were also obtained.

After imaging, all cadaveric specimens were immediately posi-
tioned with the wrist in a neutral position, frozen at –40°C for at
least 24 h, and subsequently sectioned with a band saw into 2-
mm-thick sections corresponding to the imaging planes used for
MR arthrography. Photographs of each section were obtained with
the specimen thawed.

Image analysis

First, the coronal T2-weighted and PD fat-saturated MR images
were analyzed by two musculoskeletal radiologists in consensus.
To prevent a possible bias, the proximal and distal carpal row were
analyzed separately for the presence of a hamatolunate facet, the
geometric characteristics of the hamatolunate facet, and the integ-
rity of the cartilage surfaces.

In this first assessment, the bones of the distal carpal row were
masked on all images, and the lunate bone was analyzed for the
presence of a hamatolunate facet. This facet was defined as an ad-
ditional midcarpal joint surface at the distal surface of the lunate
bone that was clearly distinguishable from the main distal joint
surface with either a concave or straight surface and was visible
on at least two continuous slices (Fig. 1). A convex surface was
not considered to be a distinct facet [7] (Fig. 1). The maximum co-
ronal size of the facet of the lunate was measured (Fig. 1). A po-
tential disruption of the second carpal arc was noted [12] (Fig. 2).
The cartilage surface of the hamatolunate facet was graded ac-
cording to the following classification: grade 0, normal cartilage
surface; grade 1, irregular surface of the cartilage but no defects;
grade 2, defects in the articular cartilage that did not reach the sub-
chondral bone; grade 3, cartilage defects that reached the subchon-
dral bone; grade 4, cartilage defects that reached the subchondral
bone and were associated with signal changes in the bone (hyper-
intensity on fluid-sensitive sequences, sclerosis, or cyst forma-
tion). 

Thereafter, the images were intermingled and the proximal car-
pal row was masked. The geometric characteristics of the proxi-
mal pole of the hamate were analyzed as shown in Fig. 1. The
shape of the proximal pole was rated as round or tapered by in-
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Fig. 1 Measurements performed on the basis of coronal images:
The angle (α) between the radial and ulnar sides of the hamate and
the measurement (x), the size of the hamate, are noted. An addi-
tional facet at the lunate (type II lunate) was considered only when
a concave or straight additional joint surface was present that
could be differentiated from the main joint surface. A convex sur-
face was considered a negative finding. The size of the facet was
measured as displayed (distance y)

Fig. 2A, B Coronal section of a wrist without (A) and with (B) a
hamatolunate facet. The proximal pole of the hamate (arrow) is ta-
pered in wrists without a facet and round in wrists with a facet.
The second carpal arc (dotted line) is interrupted in cases with a
hamatolunate facet (curved arrow)



spection; the width of the pole and the angle between the ulnar
and radial joint surfaces was measured (Fig. 1). The integrity of
the articular cartilage of the proximal pole of the hamate was grad-
ed as previously described. A third musculoskeletal radiologist,
blinded to the purpose of the study, was asked to grade the integri-
ty of the articular cartilage of all joint surfaces of the bones of the
wrist (Fig. 3). All sequences were available simultaneously for
this reading.

The presence of the hamatolunate facet, the integrity of the in-
terosseous ligaments of the carpus (scapholunate ligament, SLL;
lunotriquetral ligament, LTL) and the integrity of the triangular fi-
brocartilage (TFC) were analyzed on the anatomic sections and
correlated to the MR scans.

The association of a hamatolunate facet and the presence of
cartilage lesions in the proximal pole of the hamate and other le-
sions (such as ligament disruption and TFC perforations) were de-
termined using a chi-squared test. All measurements were tested
for their association with the presence of a hamatolunate facet us-
ing the Mann-Whitney-U test. Significance was set at P<0.05.

Results

A hamatolunate facet was present in 11 of 22 wrists
(50%). The mean coronal size of the facet in the lunate

was 4.5 mm (range, 2–6 mm). The size of the facet was
usually not uniform throughout all the consecutive coro-
nal sections, and the facet was often larger at the dorsal
aspect of the wrist than at the more palmar aspect (six of
11 cases). In three cases, the facet was visible only on
the dorsal sections; no facet was visible on the ventral
scans. In almost all cases with a hamatolunate facet (nine
of 11 cases, 81.8%), the proximal pole of the hamate was
round. In wrists without a facet, the proximal pole of the
hamate was tapered (ten of 11 cases, 90.9%, P=0.001).
The proximal pole of the hamate was significantly larger
in wrists with a facet compared to those wrists without a
facet (mean, 5.3 mm, SD 1.9 mm vs. mean, 2.4 mm, SD
0.7 mm, P=0.001). The angle between the ulnar and ra-
dial margins of the hamate was smaller in those hamates
with a facet (mean, 42.6 mm, SD 9.6 mm) compared to
hamate bones without a facet (mean, 51.1 mm, SD
5.5 mm). However, this difference was not significant
(P=0.086). In all cases with a second facet, a step ap-
pearance in the alignment of the distal joint surface of
the proximal carpal row (second carpal arc) was noted
(Fig. 2). This was absent in all cases without a second
facet of the lunate.

The distribution of cartilaginous lesions in all wrists
is displayed in Fig. 3. The highest frequencies of such le-
sions were seen in the scapho-trapezio-trapezoid joint
(45.5%, ten of 22 cases) and in the proximal pole of the
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Fig. 3 Distribution of cartilaginous lesions in different wrist loca-
tions. The first number represents the percentage of cartilage sur-
faces in which a lesion (grade 1–4) was found; the second number
represents the percentage in which a severe lesion (grade 3–4) was
found. 1)Blinded reading, 2)masked reading

Fig. 4A–C A 62-year-old male cadaveric wrist specimen with a
large hamatolunate facet. A T1-weighted (TR: 500 ms, TE: 12 ms)
coronal arthrographic image of the wrist. B Corresponding ana-
tomic section showing a large hamatolunate facet (arrows). Note
the marked erosion with complete absence of cartilage in the prox-
imal pole of the hamate (arrowheads). The second facet of the lu-
nate shows more moderate cartilage defects (arrows). C Corre-
sponding T1-weighted fat saturated (TR: 500 ms, TE: 12 ms) sag-
ittal magnetic resonance (MR) arthrographic image of the wrist at
the level of the proximal pole of the hamate showing the cartilage
loss in the proximal pole of the hamate (arrowheads). The carti-
lage in the lunate side is irregular but mainly preserved (arrow)



hamate (54.4%, 12 cases or 40.9%, nine cases; consen-
sus reading/blinded reading). In cases with a hamatolu-
nate facet, the frequency of cartilage lesions in the proxi-
mal pole of the hamate was 81.8% (nine of 11 cases) or
63.6% (seven of 11 cases) versus 27.3% (three of 11
cases) or 18.2% (two of 11 cases) without such a facet
(chi-squared, P=0.01 vs. P=0.03). Advanced cartilage
damage (i.e., grades 3–4 lesions) in the proximal pole of
the hamate occurred only in cases with a hamatolunate
facet (seven of 12 cases for both readings) (Fig. 4).

A tear in the LTL was seen in ten cases (45%). In
cases with a hamatolunate facet, this ligament was torn
in seven cases (63.6%), and in cases without a facet, the
ligament was torn in three cases (27.3%). The SLL liga-
ment was torn in only three cases (13.6%). TFC lesions
were found in nine wrists (40.9%). Six lesions (54.5%)
were found in wrists with a hamatolunate facet, and three
(27.3%) in wrists without such a facet. No significant as-
sociation was seen with ligament tears or lesions of the
TFC and the presence of a hamatolunate facet.

Discussion

Chronic wrist pain, especially in the ulnar side, presents a
true diagnostic challenge. Ulnar-sided pain has been
termed the “low back pain” of the wrist. Forty-four sepa-
rate entities have been considered as causes for such pain
[13]. The high frequency of asymptomatic lesions of the
interosseous ligaments and the TFC increase the diagnos-
tic dilemma [14, 15, 16]. With the development and rou-
tine use of midcarpal arthroscopy, the midcarpal compart-
ment has been recognized as a frequent site of cartilagi-
nous lesions [5, 8]. In a series of 68 wrist arthroscopies
performed in patients with chronic wrist pain of unknown
cause, chondral lesions in the midcarpal joint were identi-
fied as the cause of pain in 21 cases, followed in frequen-
cy by peripheral tears of the TFC in 15 cases [17].

In studies using dissections of cadaveric wrists, the
proximal pole of the hamate has been recognized as one
of the most frequent sites of cartilaginous damage [1].
This damage has been found to have a significant associ-
ation with the presence of a hamatolunate facet [1, 2,
18]. The same association was documented in our small
series, using MR arthrography as a diagnostic tool. It is
unclear, however, why the cartilaginous damage is usual-
ly more pronounced in the hamate than in the lunate
(Fig. 5). These cartilaginous abnormalities in the proxi-
mal pole of the hamate are not usually recognizable on
conventional radiographs [19].

Fifty percent of our specimens revealed a hamatolu-
nate facet. In the literature, the frequency of this anatom-
ic variant has varied between 44% [3] and 73% [1]. In a
large series of wrist dissections in cadavers, Viegas and
colleagues [22] found 73% of type II lunates. However,
23% of the hamatolunate facets in this last series mea-
sured 1 mm or less. We used a rather strict definition of a
hamatolunate facet, and the frequency of this facet in our
series was therefore considerably lower, but similar to
the frequency found by other investigators [2, 7, 8].

In a study in which results of conventional radio-
graphs of 81 cadaveric wrists were compared to findings
obtained upon subsequent dissection, the accuracy for
determining lunate morphology ranged between only
64% and 72% [8]. We noticed that the size of the ha-
matolunate facet is not uniform throughout consecutive
coronal images. The facet is often larger dorsally and
may be completely absent in the most volar images. This
geometric characteristic may explain why the hamatolu-
nate facet is not detected more frequently.

In all of our specimens with a hamatolunate facet, the
second carpal arc was disrupted with discontinuity of a
line drawn from the midcarpal articular surface of the tri-
quetrum to the lunate surface more distally (Figs. 2A,
4A, 5A). This discontinuity was not present in specimens
without a facet (Fig. 2B). This observation is in accor-

454

Fig. 5A, B A 75-year-old fe-
male cadaveric wrist specimen
with a small hamatolunate fac-
et. A Proton density fat-saturat-
ed (TR: 4000 ms, TE: 25 ms)
coronal arthrographic image of
the wrist. B Corresponding an-
atomic section with a small ha-
matolunate facet. There is a
deep erosion of the cartilage in
the proximal pole of the hamate
(arrowheads). The cartilage of
the second facet of the lunate
also shows defects. Note the
tear in the lunotriquetral liga-
ment (small arrow) and calcifi-
cation of the scapholunate liga-
ment (large arrow)



dance with the work of Peh and coworkers [12]. It has
been emphasized that the hamate jumps over this step at
the lunate facet during forced ulnar deviation of the wrist
and leads to an increased load in the proximal pole of the
hamate [1]. In the report by Thurston and coworkers,
pain was provoked by forceful ulnar deviation of the
wrist [11]. During daily activities, such as holding ob-
jects, the wrist is more ulnarly deviated and extended
and the main load is applied through the lunate and less
through the scaphoid [20]. In this wrist position, the ha-
matolunate facet may further increase the load guided
through the lunate, resulting in overuse of the cartilage
in the proximal pole of the hamate [21].

An investigation using midcarpal arthroscopy in 78
patients confirmed the association of chondral lesions in
the proximal pole of the hamate and the presence of a
hamatolunate facet. In this series, chondral lesions also
were frequently (22.8%) found in the proximal pole of
the hamate without a hamatolunate facet. In these cases,
however, the chondral lesions were uniformly associated
with other ligamentous or osteochondral lesions, or both,
whereas isolated cartilaginous lesions in the proximal
pole of the hamate were found only with type II lunates.
In our series, chondral lesions in the proximal pole of the
hamate without a hamatolunate facet were rare and al-
ways mild to moderate in extent. The frequency of tears
of the LTL and lesions of the TFC was twice as high
than in cases without a hamatolunate facet (Fig. 5A).
However, due to the small sample size, these differences
were not significant.

Recently, Thurston and coworkers reported successful
surgical treatment of patients with chronic ulnar-sided
wrist pain that was intensified with forced ulnar abduc-
tion in a small series of patients [11]. They performed ei-
ther an open or arthroscopic resection of the proximal
pole of the hamate, and a cartilaginous defect was con-

firmed in all patients. All responded favorably to this
procedure. Other authors have recommended arthrosco-
pic debridement of cartilaginous erosions in the hamate
[10].

Despite the sometimes dramatic chondral erosions
seen in the proximal pole of the hamate in association
with a hamatolunate facet, and despite initial reports of
successful treatment of these erosions, the clinical signifi-
cance of this lesion is unknown. Approximately half of
all wrists have such a facet, and most of these have or
will develop a chondral defect at this site [22]. However,
many of these lesions are probably clinically silent, as are
many other structural lesions in the wrist [14, 15, 16].

A diagnostic challenge relates to the differentiation of
symptomatic and asymptomatic lesions. In the series re-
ported by Malik and coworkers, nine of 107 wrists with
a type II lunate showed subchondral marrow edema in
the proximal pole of the hamate on MR imaging [7]. Al-
though no correlation with specific clinical data was pro-
vided, subchondral marrow edema may indicate a symp-
tomatic lesion that is invisible arthoscopically.

There are several study limitations to be considered.
First, as noted in the previous paragraph, the clinical sig-
nificance of the hamatolunate facet is unknown, and the
limited available clinical data prevent us from comment-
ing on this issue. Second, our sample size is small.
Third, the natural course of the chondral defect in the
proximal pole of the hamate is not known. Whether this
defect is acquired or developmental is not clear either,
and the importance of developmental factors is support-
ed by the low frequency of cartilaginous lesions in the
apposing articular surface of the lunate.

In conclusion, the hamatolunate facet is a very com-
mon anatomic variant. The presence of a hamatolunate
facet is associated with severe chondral damage in the
proximal pole of the hamate.

455

References

1. Viegas SF, Patterson RM, Hokanson
JA, Davis J. Wrist anatomy: incidence,
distribution, and correlation of anatom-
ic variations, tears, and arthrosis.
J Hand Surg [Am] 1993; 18:463–475

2. Burgess RC. Anatomic variations of
the midcarpal joint. J Hand Surg [Am]
1990; 15:129–131

3. Viegas SF, Wagner K, Patterson R, 
Peterson P. Medial (hamate) facet of
the lunate. J Hand Surg [Am] 1990;
15:564–571

4. Viegas SF. The lunatohamate articula-
tion of the midcarpal joint. Arthrosco-
py 1990; 6:5–10

5. Dautel G, Merle M. Chondral lesions
of the midcarpal joint. Arthroscopy
1997; 13:97–102

6. Viegas SF. Ulnar-sided wrist pain and
instability. Instr Course Lect 1998;
47:215–218

7. Malik AM, Schweitzer ME, Culp RW,
Osterman LA, Manton G. MR imaging
of the type II lunate bone: frequency,
extent, and associated findings. AJR
Am J Roentgenol 1999; 173:335–338

8. Sagerman SD, Hauck RM, Palmer AK.
Lunate morphology: can it be predicted
with routine x-ray films? J Hand Surg
[Am] 1995; 20:38–41

9. Watson HK, Brenner LH. Degenerative
disorders of the wrist. J Hand Surg
[Am] 1985; 10:1002–1006

10. Viegas SF. Midcarpal arthroscopy:
anatomy and portals. Hand Clin 1994;
10:577–587

11. Thurston AJ, Stanley JK. Hamato-
lunate impingement: an uncommon
cause of ulnar-sided wrist pain. 
Arthroscopy 2000; 16:540–544

12. Peh WC, Gilula LA. Normal disruption
of carpal arcs. J Hand Surg [Am] 1996;
21:561–566

13. Taleisnik J. Pain on the ulnar side of
the wrist. Hand Clin 1987; 3:51–68

14. Manaster BJ, Mann RJ, Rubenstein S.
Wrist pain: correlation of clinical and
plain film findings with arthrographic
results. J Hand Surg [Am] 1989;
14:466–473



15. Zanetti M, Linkous MD, Gilula LA,
Hodler J. Characteristics of triangular
fibrocartilage defects in symptomatic
and contralateral asymptomatic wrists.
Radiology 2000; 216:840–845

16. Linkous MD, Pierce SD, Gilula LA.
Scapholunate ligamentous communi-
cating defects in symptomatic and
asymptomatic wrists: characteristics.
Radiology 2000; 216:846–850

17. Whipple TL. Chronic wrist pain. Instr
Course Lect 1995; 44:129–137

18. Sagerman SD, Zogby RG, Palmer AK,
Werner FW, Fortino MD. Relative ar-
ticular inclination of the distal radioul-
nar joint: a radiographic study. J Hand
Surg [Am] 1995; 20:597–601

19. Watson HK, Ryu J. Degenerative disor-
ders of the carpus. Orthop Clin North
Am 1984; 15:337–353

20. O'Driscoll SW, Horii E, Ness R, 
Cahalan TD, Richards RR, An KN.
The relationship between wrist posi-
tion, grasp size, and grip strength.
J Hand Surg [Am] 1992; 17:169–177

21. Genda E, Horii E. Theoretical stress
analysis in wrist joint – neutral position
and functional position. J Hand Surg
[Br] 2000; 25:292–295

22. Viegas SF. Assessment and treatment
of common sites and causes of arthro-
sis in the wrist. Instr Course Lect 1995;
44:147–149

456


