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Analysis of Radiocarpal and Midcarpal Motion in Stable

and Unstable Rheumatoid Wrists Using 3-Dimensional

Computed Tomography

Sayuri Arimitsu, MD, Kazuomi Sugamoto, MD, PhD, Jun Hashimoto, MD, PhD,
Tsuyoshi Murase, MD, PhD, Hideki Yoshikawa, MD, PhD, Hisao Moritomo, MD, PhD

Purpose The kinematic evaluation of carpal motion, especially midcarpal motion, in rheumatold arthritis (RA) has
been extremely difficult because of limited imaging techniques previously avallable. The purpose of this study was to
evaluate the amount of radiocarpal and midcarpal mation in the flexdon-extension plane in both stable and unstable
rheumatoid wrists using thiee-dimensional computed tomography

Methods We acquited in vivo kinematic data on 30 wrists with RA by thee-dimensional computed tomography
with the wristin 3 positions: neutral, maximum flexion, and maximum extension. All cases were radiographically
dassified into 10f 2 subtypes, the stable form of unstable form, according to the dassification by Flury et al. We
evaluated the predise range of radiocarpal and midcarpal motlon using a markerless bone registration technique and
calculated the individual contributions to the total amount of wrist mation in the fledon-extension plane in the
different radiographic subtypes of RA.

Results The average range of motion of radiocarpal and midcarpal joint was 277 = 15.and 32° = 17, respectively. The
average contribution of midcarpal motion fo the total amount of wrist motion was 54%. The average contribution of
midcarpal motion in the ursstable form was 67%, which was significantly higher than 47% (p << .05) in the stable form.
Conclusions Midcarpal motion of theumatoid wrists in the flexion-exiension plane was better preserved than previously
thought. The contribution of midcarpal motion to the total amount of wrist motion was signifiantly greater (p << 05) Inthe
unstable form than in the stable form of RA. (/Hand Surg 2008,33A:189197. Copyright © 2008 by the Amerkan Sockry for

Surgery of the Hand)

Key words Kinematics, theumatoid artheitis, three-dimensional, wrist.

Additional materisl
is availabls onfine.

HE INVOLVEMENT OF THE WRIST in theumatoid

arthritis (RA) s common, and surgical treatment is

often required to alleviate peristent wrist pain. The
natural course of destruction in a rheumatoid wrnst has been
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classified into 3 types by Simmen and Huber': type I, the
ankylosis type; type 11, the osteoarthritis type; and type 11,
the disintegrating type. Based on their radiologic analysis,
type | has a spontaneous tendency to progress into ankyloss,
type 1l resembles secondary osteoarthritic changes as
destruction progresses, and type 111 has progressive
destruction, loss of alignment, and finally complete collapse
of the wrist." In addition, Flury et al* proposed the
classification of wrists with RA into a stable form of the
disease (types [ and [I) and an unstable form of disease (type
11I) to make the choice and timing of surgical intervention
easier (Table 1 and Fig. 1). It has generally been thought
that the deterioration of midcarpal joint is more severe in
the unstable form than in the stable form.* Therefore, the
partial arthrodesis technique, like mdiolunate (RL)
arthrodesis, has been applicable to the stable form, whereas
the unstable form has been better treated by total arthrodesis
of the wrist.®

Radiolunate arthrodesis is a well-established procedure
for the RA wrists, and several researchers have reported the
favorable dlinical results of the procedure.®™? It has been
suggested that RL arthrodesis is most useful in those

€ 2008 ASSH » Published by Elsevier, Inc. - 189
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TasLe 1: Classification by the Natural Course of the Rheumatoid Wrist and the Radiologic Parameters Described by

Simmen and Huber and Flury et al

Classification

Radiologic Parameters

Simmen and

Ulnar Carpal Translocation®

Loss of Carpal

Huber' Flury et al’ (mm) Height Ratio*
T'ype I Ankylosis Stable form 3.7 (0-11) A0.14 (0.01-0.28
Type 11 Osteoarthritis Stable form 3.8 (0-8) A0.16 (0.02-0.34

Type 111 Disintegration Unstable form

9.5 (4-17) A0.30 (0.10-0.46)

ean affer

¢ parameters 10 to 2 nset of RA represen

rheumatoid patients whose disease had left the midcarpal
Jomnts relatively unaffected as seen on the radiograph.’
However, the preoperative evaluation of the midc arpal joint
on the radiograph has been difficult because of the
complicated and overapping shapes of the carpal bones in
RA deformities. Recently, researchers have been able to
measure m vive and three-dimensional (3-D) kinematics of
the human joint using a markerless bone registration
technique, which is a method for evaluating the precise
motions by determining relative positions of bones in
different volume images.'*'? We thought it would be
possible to evaluate the kinematics of the carpal motion and
quantify the midcarpal motion preoperatively in cases of RA
with this 3-D technique.

T'he kinematic behavior of the carpal bones in
theumatoid wrist 1s not well-known, especially in relation to
the RA subtypes. The purpose of this study was to evaluate
the amount of radiocarpal and midcarpal motion in the
flexion-extension plane in both stable and unstable
rtheumatoid wrists using 3-D computed tomography (3-D
CT). We calculated the individual conmbutions of
radiocarpal and midcarpal motion to the total amount of
wrist motion to determine which mdiographic subtype of

A

FiGure 1+ The Y stable form and i unstable form of RA by the method o
¥ taneous tendency to progress into ankylosis (Video 1, 2 3-dimensicnal animation of 2 representative case of the stable form of
¢, www.jhandsurg.org). m Representative case of the unstable form of RA in
1e carpal height is reduced and the carpal bones are dislocared ulno-palmarly with respect to the

RA wrist, may be viewed at the Journal's Web

gressive destruction and loss of alignment. T

RA had the greater contribution of midcarpal motion to the
total amount of wrist motion

MATERIALS AND METHODS

Subjects

We randomly selected 30 wrists from 29 RA patients who
were regularly treated with medication at our institution. All
of them had pain and instability of the wrists. One patient
was a man and 28 were women. The average age was 60
years (range, 21 to 80 years). The average duration of RA
was 13 years (range, 6 to 38 years). For comparison, we
investigated a control group of 10 normal wrists from 10
healthy volunteers comprising 8 men and 2 women whose
average age was 29 years (range, 22 to 36 years). All subjects
comsented to be included in this study

Radiographic Evaluation

To investigate the relationship between the contribution of
midcarpal motion to the total amount of wrist motion and
the mdiographic appearance of RA, we classified 30 wrists
with RA into 1 of the 2 subtypes, the stable form or the
unstable form of the disease, by the natural course of the
rheumatoid wrist and the mdiologic parameters (Table 1 and

Flury et al.? [§Y Representative case of the stable form of RA,

chich there is

case shown in Y (arrows) (Video 2, a 3-dimensional animation of a representative case of the unstable form of RA wrist, may be viewed ar the

Journal's Web site, www.jhandsurg.org).
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