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Functional Outcome of the Wrist according to Degree of Distraction
with External Fixation in the Treatment of Distal Radius Fracture

Tae Hoon Roh, Yun Moon Jeon, Yeop Na, Tong Joo Lee

Department of Orthopedic Surgery, Inha University Hospital, Inha University School of Medicine, Incheon, Korea

Purpose: This study aimed to evaluate the relation between the degree of wrist joint distraction and postoperative restora-
tion of joint function after performed external fixation with distraction of wrist joint in distal radius fracture.

Methods: This study was conducted retrospectively on 55 patients who underwent reduction using external fixation for
distal intra-articular radius fracture from January 2007 to December 2014. The degree of pre- and post-operative distrac-
tion was measured radiographically using the carpal height ratio (CHR). For postoperative functional assessment, range
of motion of the wrist, Gartland Werley classification, grip strength, and pinch strength were measured.

Results: In the functional assessment based on the Gartland Werley classification, excellent was reported by 31 patients,
good; 16 patients, fair; 8 patients, and poor; 0 patients. The mean CHR was 0.519 preoperatively and 0.565 immediately
after surgery. The mean postoperative CHR of excellent group was 0.581, demonstrating better clinical outcome in dis-
traction than other groups. Eight case of joint stiffness was manifested when CHR value was lower than 0.54 and only 1
case of joint stiffness was manifested when CHR value was higher than 0.54, showing a tendency for lower incidence of
joint stiffness when distracted over 0.54 of CHR.

Conclusion: External fixation after sufficient distraction of the wrist joint produced an excellent outcome in the functional
assessment. The better the prognosis in the Gartland Werley classification, the higher the CHR and the group with a CHR
greater than 0.54 immediately after surgery showed less joint stiffness than the lower group.
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Fig. 1. Carpal height ratio: dividing the distance from the
distal radius and the base of the 3rd metacarpal A to the length
of the 3rd metacarpal B.
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Fig. 2. (A) Distal radius volar tilt: the angle between a
line along the distal radial articular surface and the line
perpendicular to the longitudinal axis of the radius at the
joint margin (normal range, 2°-20°). (B) Radial inclination:
the angle between one line connecting the radial styloid tip
and the ulnar aspect of the distal radius and a second line
perpendicular to the longitudinal axis of the radius (average,
23°). (C) Radial height: the distance between two parallel
lines drawn perpendicular to the long axis of the radial shaft,
one from the tip of the radial styloid and the other from the
ulnar corner of the lunate fossa (average, 12 mm).
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Fig. 3. (A) The intraoperative
X-ray of an intra-articular distal
radius fracture. Preoperative CHR
was 0.52. (B) The intraoperative
X-ray of an intra-articular distal
radius fracture after performed
closed reduction by distraction.
(C) The intraoperative X-ray of an
intra-articular distal radius fracture
after applied with external fixator.
(D) The postoperative posterior-
anterior X-ray of an intra-articular
distal radius fracture treated with
external fixation. Postoperative
CHR was 0.57 and increased about
10%. CHR: carpal height ratio.

www.handmicro.org



Tae Hoon Roh, et al. External Fixation

6. A1 71

& & £ 50| H] 9 Gartland Werley classifica-
tion 1§ 7Fe AT #A= Tukey honestly significant
difference testg ©|-&-5to] EA5}% 2™, Chi-squared
testE o]-&sto] 2 #o| v E 2T FA o] &
Aol dis ®AstHh FA 7|7HE 2 =o] v ¥t
o gt B4 vtEE B4R H(repeated measure
analysis of variance) 4]0 & BAslg o0, 54 &4
2 IBM SPSS Statistics ver. 19.0 (IBM Co., Armonk,
NY, USA) 64 ZE138Z o]-§sto] A5t

ox,
21'4
4
rh
Hir
S
=

= B+ 0519901, &
L 34 0.5652 ZRAE AL 5
B2 AR AT A 5

] 541, 0.538, 0.5300.8 =& A
H| 7519 S ] FFHO R 8.8%2 2 ol Hl7F =

7ot ZHAE QI tH(Table 1). 4] 7]
ol M2 2 2ol H9 A &S & A & T
23 Ato] Bt 3.6% AAoks A HYlon, & 2
Fo| A 453 Ato] Bt 0.5%, 45914 65 Ato] Bt 1.2%
Faotes AFS Hol, & 3 25 Yo 2 =o| H|7}
71 ol ZAgS ERIsty oy SAZHCEE RosHA|
orth(p=0.423; Fig. 4).

R ek Al Al SEREY P EHAE 25
53.45°, A1 49.91°, QAFS] 18.09°, ALY 27.0°%2
W, & 25 U9 170° 5 B+ 149.64°E S =
Gartland Werley classification 274 4 319, 45
169, BE 89, E3F 042 ZAE L, Grip strength
= 4% A7} v W5ko] 94%, Pinch strength= 95%%& 1}
E}Stth VAS scores & A B 6.738, £& AA 6
F 5 H 1.574 02 A} Gartland Werley £

o >
o
>

i\

oX,
gy
[
Hi

o,

)

N4

M e
N
X

,G\
o, N

L
o Ho

B e )
Ll ﬁll-)r‘ ol

N
N
i,
32
H
>,
&
L

g 2 B e A% Z93% TAAATH HH
< ¥0°] "= 0.581°]%12H(Fig. 5, 6), ¥=2+9 7
Bt 0.553, BE79Y AF B+ 0.5299] A= K
E3 e A% ST Yo 2L =0] H|9 Gartland
werley classification 235 v ol o AA4 2
W7t E24E & T 2 20 ¥ 535S HYTHSE
v 9 IS HA A p=0.09, $d € HEL HW
Al p=0.004; Table 1). & & 2F, 45, 6579 & =
o] B9 P 77 4+ 0.548, 0.545, 0.537°]%
3, ¥ 0.534, 0.535, 0.522, 572 3¢ 0.524,
0.530, 0.5299] 2¥& B3t < AF $2 0| H[E
AQet & ¥ 27, 45, 6379 2 0| H|¢} Gartland
Werley classification 23t= SAH R {-25tA] 949k
THTable 2). =~ ¥0] H] 99| HAMATA ASFLE 5
A% S 25 WE W AAL AYBARE, 85 20
ZZy Bt 22.8° 13.16°%, 10.24 mmZ S3 = At}
Gartland Werley classification® U ZF 1§ 7t v
Al ST £& oA AWAHARGEO] EoMAl= AFE B
Fou BAFCE [FostA|= Yokon, 8% FEH 7
AME QF Aol 2t & 7 Aol Y SAGH R
ToJ5tA] gokti(Table 3).

o o 4 4t

e >

rH
i
i
o
)
tlo
fol
B
o et
oN,
(o]
:

51
T aoBEY S 3T B F
¥0| B|7} Fat o3l BF 2R FHo
Fo| Wokor, AR RotE & & AAHp<
0.001; Table 4)
71et S oE A AU F A9, 2o19FT H =R
OS2 Ared T A 2 oY, BE @A =

e 2 100%9 2/ 8382 B

Table 1. Relation of Gartland Werley classification and Carpal height ratio

Gartland Werley Carpal height ratio
. ) 0.
classification Pre-OP Post-OP POD 2 weeks POD 4 weeks POD 6 weeks After remove E/F
Excellent 31 0.526 0.580 0.548 0.544 0.537 0.511
Good 16 0.512 0.553 0.534 0.534 0.522 0.514
Fair 8 0.504 0.528 0.524 0.529 0.528 0.502
Total 55 0.519 0.565 0.541 0.538 0.530 0.510

OP: operative, POD: postoperative day, E/F: external fixation.
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Fig. 4. The CHR was increased by 11% postoperatively, and
the carpal height ratio decreased with time. The CHR was
the most decreased after 2 weeks of the external fixation.
(A) Preoperative X-ray. CHR=0.52. (B) Postoperative X-ray.
CHR=0.58. (C) POD 2 weeks. CHR=0.54. (D) POD 4 weeks.
CHR=0.53. (E) POD 6 weeks. CHR=0.52. (F) After external
fixation removal. CHR=0.51. CHR: carpal height ratio, POD:
postoperative day.
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Fig. 5. A 46-year-old female patient was admitted to the
hospital with slip down. (A) The posterior-anterior X-ray of
an intra-articular distal radius fracture. Preoperative CHR was
0.53. (B) The posterior- anterior X-ray of an intra-articular
distal radius fracture treated with spanning external fixation.
Postoperative CHR in this case was 0.59 and increased about
11%. CHR: carpal height ratio.

Fig. 6. A 58-year-old male patient was admitted to the hospital
with 2-m-high fall down. (A) The posterior- anterior X-ray of
an intra-articular distal radius fracture. Preoperative CHR was
0.57. (B) The posterior- anterior X-ray of an intra-articular
distal radius fracture treated with spanning external fixation.
Postoperative CHR in this case was 0.52 and increased about
9%. CHR: carpal height ratio.
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Table 2. Comparison of Carpal height ratio (postoperative)
for each group using Tukey honestly significant difference

Comparison Control Average Corrected
group group deference p-value
Excellent Good 0.02909 0.090
Fair 0.05222 0.004
Good Excellent —-0.02909 0.090
Fair 0.02313 1.107
Fair Excellent —0.05222 0.004
Good —-0.02313 1.107

Table 3. Distal radius radiologic parameter by Gartland Werley
classification group

Classification . Rad.ial Distal r.adius Radial height
inclination (°)  volar tilt (°) (mm)
Excellent 22.76 13.82 10.19
Good 22.71 12.32 10.14
Fair 24.50 10.74 12.46
Total 22.80 13.16 10.24
p-value 0.97 0.52 0.28

Values are presented as number only.
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Table 4. Relations of Joint stiffness and Carpal height ratio

Joint stiffness

Carpal height p-value
ratio Occurred Non-occured

CHR > 0.54 1 40 <0.01

CHR < 0.54 8 6

CHR: carpal height ratio.
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