MRI diagnosis of carpal boss and comparison with radiography
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Abstract

Background: A carpal boss is a potentially painful bony mass in the region of the second or
third carpometacarpal joint. The combination of clinical examination and radiography is

usually sufficient for the diagnosis.

Purpose: To determine whether MRI examination of the quadrangular joint can assist the

diagnosis of persistent pain near a carpal boss.

Material and Methods: 57 patients with a carpal boss were retrospectively reviewed using

MRI and conventional radiographs and compared to an asymptomatic control group.

Results: MRI demonstrated a variable morphology and a variety of bone and soft tissue
abnormalities associated with carpal boss. Bone marrow edema around the quadrangular joint
shows a significant correlation (Fischer 's exact test: p < 0.001) and a positive correlation
(Pearson 's test r = 0.632, significant at the 0.01 level (two-tailed)) with a painful carpal boss.
Conclusion: MRI offers detailed examination of bone and soft tissue abnormalities associated

with a carpal boss. Local bone marrow edema strongly correlates with a painful carpal boss.
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Introduction

A carpal boss - initially described by Fiolle (1) - is a bony prominence at the dorsal side of the
second or third carpometacarpal joint. Carpal boss is often seen on imaging both in
symptomatic and asymptomatic patients. Patients typically present with a local swelling and

/or pain. The etiology is still unclear.



Radiography and especially CT can analyze the bony morphology, but fail to correlate with
the experienced pain. US can add information to illustrate most of the soft tissues lesions
around the quadrangular joint. The presence of bony abnormalities alone usually does not
allow to confirm or differentiate symptomatic findings, neither does their absence allows for
exclusion of carpal boss syndrome.

Treatment is usually conservative (activity modification, anti-inflammatory analgesics, and
eventually a wrist splint) and in case of persistent pain a long acting steroid can be injected. In
up to 80% of the patients the pain will diminish over time. When conservative treatment fails,
excision of the bony abnormality, the arthritic components, and the soft tissue swelling is
considered. The exact location and morphology of the carpal boss can allow for more limited
resection or shaving in order to reduce the risk of post-operative instability due to ligamentous
injury.

Our primary goal was to review the MRI findings in a large series of patients and to define if

there is a (potential) role of MRI in the diagnosis and selection of symptomatic cases.

Material and Methods

In this retrospective cohort study two musculoskeletal radiologists (respectively with 30 and 7
years of experience) blindly reviewed a series of 114 patients twice, with an interval of two
months. Between February 11" 2009 and December 22" 2014,they were referred to the MRI
department for a wrist examination. A subgroup of 57 patients (37 males: 17 right and 20 left
wrists and 20 females: 9 right and 11 left wrists) was referred with a clinical complaint of
carpal boss (local swelling and /or pain at the second or third carpometacarpal joint).
Radiography (PA-view and Cuono-view) and MRI were available. During the same period, a
control MRI subgroup of the first 37 males (17 right and 20 left wrists) and 20 females (9

right and 11 left wrists), was selected from all the patients without symptoms of carpal boss.



Patients with previous carpal boss surgery were excluded.

The complete group was initially reviewed by the two readers in random order. Finally, a
consensus reading was accomplished.

The Cuono view (modified lateral view with the hand slightly (30-40°) supinated and in a
20-30° ulnar deviation) is considered as the most reliable projection to demonstrate the bony
prominence (2, 3) and was used as reference.

All MRI examinations were performed on a 1.5 Tesla MRI scanner (Aera -Siemens /
Erlangen, Germany) using a dedicated wrist coil. The MRI protocol is summarized in Table 1.
The images were displayed with a medical monitor, three Megapixel Barco display, 20", 2048
x 1536 resolution (Barco / Kortrijk, Belgium).

All carpal boss patients were symptomatic for at least two months. Age, gender, and side of
involvement were analyzed. On radiography and MRI, the presence of an os styloideum, the
precise location and exact bony morphology of the carpal boss and the different possible
quadrangular joint components were investigated in anatomical detail. The Minnaar coalition
classification (4) (type 1: fibrous; type 2: partial osseous bridge; type 3: complete osseous
bridge; type 4: type 3 with other carpal anomalies) was used. The presence of bone marrow
edema (BME) - noticed as a high signal area around (a part of) the quadrangular joint on FS-
T2-WI - was assessed and correlated with the presence of pain. Any additional osseous and
soft tissue abnormalities on MRI were noted.

The same parameters (except for gender and side as they were matched) were analyzed in the

control subgroup.

Statistical analysis

The data was processed using SPSS Statistics -version 23 (IBM, Chicago, USA). Inter- and

intra-observer agreements were assessed with Cohen 's kappa (k) test. Interpretation of the



coefficients was as follows: poor (< 0), slight (0-0.20), fair (0.21-0.40), moderate (0.41-0.60),
substantial (0.61-0.80), and almost perfect (> 0.80). The two tailed Fisher's exact test was
used for comparison of categorical variables (presence or absence of BME and pain), with p-
values < 0.05 considered as statistically significant. The Pearson product-moment correlation
(0 - 1) determined the relation between BME and pain. The independent-samples T-test was
used to assess the equality of the means and the Levene 's test to evaluate the equality of

variances of age between the subgroups.

Results

Our series included 37 males (65%) and 20 females (35%). The mean age was 42,7 years, the
median age 42 years, with a distribution ranging from 12 to 77 years (Table 2).

Radiography revealed a carpal boss in 44 patients (77%) and MRI in an additional 13 (23%).
In 13/57 patients (23%) an os styloideum (Fig. 1 and 2) was found, of which two small ones
were not visible on radiography. Moreover a coalition Minnaar type 1 was found on MRI
between the third metacarpal (MC) and an os styloideum in two patients .

The exact bony location and morphology was clearly demonstrated in all cases by MR,
whereas radiography mostly failed to reveal this because of bony superposition. A total of 60
abnormal joint morphologies in 57 patients was observed on MRI: a carpal boss was located
at the third carpometacarpal joint (28 patients), between the os styloideum and the third MC
(12 patients), at the second carpometacarpal joint (7 patients), at the process of the third MC
(6 patients), between the dorsal side of an anatomical variant between the trapezoid bone and
the third MC (3 patients), at the second MC-os capitatum joint (1 patient), at the joint between
the second and third MC base (1 patient), at the os styloideum-os capitatum-third MC joint (1
patient), or at the trapezoid-capitate bone synostosis (1 patient). Two patients showed a

double aberrant joint form and one had an accessory bony coalition.



Bone marrow edema on MRI was present in 16/57 patients (28.1%). The interobserver
agreement concerning the presence of BME was substantial (« = 0.73 for the first and 0.80 for
the second reading). The intra-observer values were almost perfect for the first reader (kx =
0.92) and substantial for the second reader (kx = 0.71). 14 (87,5%) of the 16 carpal boss with
BME were diagnosed by radiography and an additional 2 (12.5%) by MRI. However, 39
patients (68.4%) showed no BME (30 with carpal boss both on standard radiographs and MRI
and 11 only on MRI). Pain was present in 18/57 patients (31.6%), whereas 38/57 patients
(66.7%) had no pain. The clinical data from 1 patient (1.7%) was unclear. BME was
demonstrated more often in younger patients (Table 2), which is suggestive for a
(micro)traumatic rather than a degenerative etiology. The bony abnormality in case of BME
was localized in 8 patients at the os styloideum-third carpometacarpal joint (8/13; 62 %), in 5
at the third carpometacarpal joint (5/28; 18 %), in 2 at the second carpometacarpal joint (2/7;
29 %) and in one at the joint between the second and third MC base. The carpal boss in the
two patients in which the second carpometacarpal joint was involved, was only visible by
revealing BME at the os styloideum on MRI. BME at the os styloideum was believed to be
caused by a recent trauma in one patient (tennis player) and by chronic hyperextension in
another patient (Fig. 2). BME, correlated with a painful dorsal prominence at presentation
(Table 3), showed a true positive correlation in 11/15 (73%) and a true negative correlation in
34/41 (83%) patients, which is highly significant (Fischer 's exact test: p < 0.001). There was
a positive correlation between BME and pain (Pearson 's r (56) = 0.632, which is significant at
the 0.01 level (two-tailed)).

Old traumatic lesions at the MC base were observed in 4 patients and only one patient
presented with a recent fracture.

Degeneration was present in 27 cases (47 %) with the typical dorsal “volcano”- type

osteophytes (Fig. 3A). A large intra-osseous ganglion was found in one case.



Only 4/57 (7%) patients presented with a ganglion. Interference of the carpal boss with the
normal path of the m. extensor carpi radialis brevis (Fig. 3B) resulted in tendinosis in 4/57
(7%) patients. One patient had a dorsal ligament rupture (Fig. 3C). Finally one clinically
diagnosed dorsal soft tissue mass because of active synovitis, was illustrated by contrast
enhancement (Fig. 3D).

In the series without carpal boss symptoms, only one patient had a Minnaar type 2 coalition
(trapezoid-capitate bone), without surrounding BME. No bony or soft tissue anomalies were
discovered. The difference of mean age between the control subgroup (M = 28.3, SD = 1.3)
and the carpal boss subgroup (M =42.7, SD = 16.9) was significant (t (84.410) = -5.485, p <

0.001) and Levene ’s test indicated unequal variances (F = 14.260, p < 0.001).

Discussion

As initially described, a carpal boss appears almost exclusively in the area of the
carpometacarpal joint (5) - called the quadrangular joint - where the metacarpal bases, the
dorsal carpometacarpal joint ligaments, and the insertion of the extensor carpi radialis tendons
are closely related (Fig. 3E). The bony contours and ligaments (Fig. 4) (6) restrict the range of
motion (less than 5°) (7). Our analysis confirmed that carpal boss was most prevalent at the
third (49%) and second carpometacarpal joint (12%), which is in line with the literature.
However, MRI also illustrated in 39% of the patients a carpal boss in a number of variable
locations.

According to the literature, a ganglion is present in up to 30% (8), although in our series only
in 7%.

The os styloideum - described by Saltzmann (2) - is an accessory bone (9) between the
trapezoid and capitate bones and the second and third MC (8). It originates from a separate

ossification center (10). The prevalence is estimated between 1-4% (3, 11, 12). It can be



isolated (2%), but mostly fused, typically to a metacarpal (94%) (2). Since the dorsal
ligaments are absent in the presence of an os styloideum (13), it is hypothesized that carpal
boss represents a congenital coalition (5, 7), which can cause symptoms in case of a fracture
of a fibrous coalition (4). Carpal coalitions were only reported in the area of the second and
third carpometacarpal joint in a cadaveric study (5, 7). There is also a contrasting high
prevalence of an os styloideum in carpal boss (33% in the literature and 23% in our series)
compared to normal wrists (1-3% in the literature, 0% in our control group) (11). Some
authors therefore prefer the term carpal boss syndrome for the association of an os styloideum
and wrist pain (14).

In our series, BME was localized more often at the os styloideum-third carpometacarpal joint
and almost two thirds of the patients with an os styloideum showed BME. Carpal boss can be
caused by either a stress-induced bony hypertrophy or by healing micro-fractures, typically
resulting from repetitive forced extension (15, 16). The major axes of stress on the wrist run
through the scapholunate and the quadrangular joint (17). Only one patient had a bony
coalition containing BME at the third carpometacarpal joint (18, 19).

The traumatic etiology (23-27%) (15) includes metacarpal base fractures, dorsal ligamentous
avulsions, avulsion fractures at the extensor tendon insertion, and direct lesions of the os
styloideum. The bony prominence can also be caused by a non-united fracture. In athletes,
hand injuries are frequent (3 to 9 % of all injuries). They often occur in golf and racquet
sports (3) and in collision sports, the incidence can rise up to 15% (20). A case report
describes an acute carpal boss in a swimmer due to a tear of a dorsal ligament (21). Acute
BME after a direct injury of the os styloideum was described in an ice hockey player (15) and
(similar to one of our cases) in a tennis player (22). Old traumatic lesions were only shown in
4/57 patients (7%). Chronic symptoms can be related to joint degeneration, an inflamed

ganglion, a bursa or an extensor tendinopathy. Osteophytes related to a secondary localized



degenerative osteoarthritis can cause a carpal boss. They were a frequent finding (47%) in our
series.

Carpal boss usually presents in the fourth decade. The mean age of our group was 42,7 years,
the median age 42 years with a broad age distribution. However, some authors noticed earlier
cases (23), even in adolescents (13), as we also noticed in our series. The literature does not
describe a gender predominance, although we noticed a male to female ratio of almost 2/1.
According to literature carpal boss is present in up to 8-26% of the general population and it is
a bilateral finding in up to 21% (24). Symptomatic carpal boss is mostly found in the
dominant hand (2, 25), although that finding was not confirmed in our series.

Most protuberances are ganglions with only cosmetic complaints. An insidious pain can be
aggravated by activity (26) or be related to degenerative osteoarthritis, bursitis or tendon
subluxation (27). Especially repetitive forced extension aggravates the symptoms because of
an insertion tenosynovitis. Carpal boss of either etiology limits the lateral movements or
causes subluxation of the extensor tendons (10).

The presence of an os styloideum alone does not allow for confirmation of the diagnosis of
symptomatic carpal boss as the incidence in the carpal boss population is 8-26%, with less
than 3% being symptomatic (23).

The diagnosis of carpal boss and the presence of an os styloideum can be made on plain
radiographs, although bony superposition from the surrounding carpal bones can impede the
evaluation of the exact morphology and the detection of an os styloideum, as illustrated in our
series in 2/13 ossa styloidei (15 %).

A ganglion can appear as a soft tissue mass without calcifications (23) on radiography. MRI is
of additional value to detect ganglions in up to 30 % (23).

Especially 3D-GRE isotropic sequences can clearly demonstrate an accessory ossicle or a

morphological anomaly, although without the use of radiation, compared to CT.



A diffuse signal increase in case of symptomatic BME of an 0s styloideum or around the
quadrangular joint is well depicted on fluid sensitive sequences (SE T2-WI FS, STIR). The
absence of BME seems to have a high negative predictive value (83%) and the presence has a
less positive predictive value (73%) (Fischer's exact test: p = 0.0002).

There can be a joint effusion in the carpometacarpal joint or thinning of the cartilage. Dorsal
osteophytes (even small ones) and subchondral cysts are clearly visualized.

Dorsal soft tissue lesions - difficult to illustrate with CT - and edema can be illustrated with
MRI. Tears of the dorsal ligaments can be revealed, although additional MR midcarpal arthrography
may be required to illustrate these subtle lesions. The disruption of the attachment of the extensor
tendon(s) and an avulsion fracture at their insertion can be revealed, although small chip
fragments may be missed and (cone beam)CT could be necessary.

A fracture at the base of the metacarpals is usually clearly seen on MRI, also because of the
absence of bony superposition (similar to CT) and the accompanying BME (not visible on
CT). The exact location and morphology of the carpal boss can allow for a more limited
resection or shaving in order to prevent ligamentous post-operative instability.

Future research needs to determine in which cases these additional bony and soft tissue MRI
abnormalities can alter the therapy or clinical outcome.

We acknowledge our study has some limitations as the study has a retrospective design. There
is also a statistical significant difference in age between the subgroups. However as BME
seems to be more frequent in younger patients with pain and the control subgroup is
composed of an even younger population without signs of BME, this can be neglected. The
illustration of those various findings in this — as far as we know first — global MRI analysis of
the quadrangular joint can call for further attention, especially in patients with persistent

symptoms.



In conclusion, the presence of bony anomalies on radiography does not allow for correlation
with the patient 's symptoms, neither does the absence of bony anomalies allows excluding
the diagnosis of carpal boss. CT allows for detection of subtler bony changes, but the
correlation with symptoms remains elusive. MRI can illustrate a variable bony morphology in
detail and also a variety of additional bony and soft tissue diseases causing carpal boss.

BME around the quadrangular joint does highly correlate with a painful carpal boss.
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Table 1: MR imaging protocol.

MR imaging protocol
Pulse sequence FOV Slice Matrix TR TE Nex
(cm)  thickness (msec)  (msec)
(mm)
Coronal SE T1-WiI 12 2 512 x 384 479 22 1
Coronal SEPD-T2FS 12 2 256x180 3500 26/91 3
Axial TSE PD FS 10 3 320x 256 1950 27 2
3D T2*- GRE (DESS) 12 0,5 256 x 230 24,31 8,31 1

(Contrast series can be added in case of erosions or synovitis)
Abbreviations: (T)SE: (turbo)spin echo, PD: proton density, 3D-GRE: three dimensional
gradient echo recalled echo, FS: fat saturation, FOV: field of view, TR: repetition time, TE:

echo time, Nex: number of excitations.

Table 2: Age distribution of the patients (years) and of the patients with BME on MRI.

<20y 2029y  30-39y  40-49y 5059y  >60y 12-77y

Number 3 10 13 13 9 9 57

Number 0 7 4 3 1 1 16
with BME




Table 3: Bone marrow edema (BME) in patients with pain at the second or third
CAPOMETACARPAL JOINT: patients with pain (SY) and without pain (AS) at the

quadrangular joint.

PAT no PAT no

(n) BME BME TOTAL (%) BME BME TOTAL
SY 11 7 18 SY 61% 39%  32%

AS 4 34 38 AS 11% 89%  66%

unclear 1 0 1 unclear 100% 0% 2%

TOTAL 16 41 57 TOTAL 28% 2%  100%

Fischer's exact test: p = 0.0002



FIGURES:

Fig.1. — Os styloideum. (A) Plain radiography Cuono- view, (B) 3D-GRE and (C) Coronal
SE T1-WI.

(A) The modified profile Cuono view can illustrate the presence of an os styloideum (arrow).
(B-C) MRI clearly shows the os styloideum (arrows). The exact morphology, localization and
the signal intensity (C) of the bone, the bone marrow and the adjacent structures can be

illustrated as well.



Fig. 2. — CB presenting with pain after repetitive stress at the CMC-joint in a professional
piano player. (A) Plain radiography PA view, (B) Coronal SE PD-WI FS and (C) SE T2-WI
FS.

(A) Presence of an os styloideum (arrow).

(B-C) Focal bone marrow edema at the os styloideum (arrows) and the base of MC-I111 (C)

(arrow). The pain disappeared after resection of the os styloideum.



Fig. 3. — (A, B and C) Sagittal 3D-GRE (D) Coronal SE T1-WI FS with gadolinium contrast,
and (E) MR midcarpal arthrography sagittal SE T1-WI FS.

(A) Osteophytes (arrows) resembling a volcano, with subchondral cyst (oblique arrow) and
irregular narrowing of the dorsal joint space.

(B) CB due to an os styloideum (horizontal arrow) interfering with the normal path of the
ECRB tendon (vertical arrow).

(C) Rupture of the dorsal CMC-I11 ligament (arrow) with surrounding soft tissue edema.

(D) Contrast enhancement in CB due to rheumatoid arthritis. Dorsal prominent synovitis
(arrows) at the CMC-I111 joint.

(E) Trapezoid-MC-11 joint showing the close relationship (oval) of the dorsal CMC-ligament

and the more superficial tendon of the ECRL.



Fig. 4. — Normal ligamentous anatomy of the dorsal side around the quadrangular joint. (A-
B) schematic drawing, (C-E) Coronal SE PD-WI FS from dorsal to more palmar.

(A) most dorsal position with prominent base of MC-I11, (B) more palmar slice level with
prominent base of MC-11, (C-E) ligaments 1. distal between the base of Il and Ill, 2. proximal
between the base of Il and I11, 3. between tr and 11, 4. between tr and 11, 5. between tr and Ca
and 6. between 11l and Ca

(I = metacarpal 2, 111 = metacarpal 3, Ca = capitate bone, tr = trapezoid bone).



