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=Abstract=

Diagnostic Usefulness of Digita! Infrared Thermographic Imaging
in Post-hemiplegic Shoulder-hand Syndrome

Sang Ho Ahn, M.D., Sae-il Chun, M.D., Ueon Woo Rah, M.D. and Eun Sook Park, M.D.

Department of Rehabilitation Medicine, Yonsei Unjversity College of Medicine

Shoulder-hand syndrome is characterized by pain, vasomotor instability, and tenderness,
mainly in the distal upper extremity. The pathophysiologic mechanism of this syndrome is
not yet proven. The purpose of this study is to determine the usefulness of digital infra-
red thermographic -imaging for the early and objective diagnosis of shoulder-hand
syndrome. Prospectiveiy seventy seven patients of post cerebrovascular accident were ana-
lyzed. In this study the subjects were divided into the control group and the study group.

- The control group consisted of 49 hemiplegic patients without clinical symptom of shoul-

der-hand syndrome. The study group consisted of 28 hemiplegic patients who had the clin-
ical symptom and showed diffuse uptake in the hand and wrist on delayed image of
radionuclide scan.

In the control group, digital infrared thermographic imaging study revealed hypothermia
on the involved upper extremity, compared with the opposite intact side(p<<0.01). In the
study group, it revealed hyperthermia on the dorsal hand and distal forearm of involved
upper extremity(p<0.001), compared with the opposite intact side, In patients with stroke
onset within 3 months, the sensitivity of digital infrared thermographic imaging for the di-
agnosis of shoulder-hand syndrome was 86.7% and the specificity was 100% in the dorsal
hand. Digital infrared thermographic imaging is considered to be very sensitive to the
changes of skin temperature in shoulder-hand syndrome and can be applied as a useful di-
agnostic modality for the early detection,
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Table 1. Clinical Criteria for SHS' in Hemiplegia

I. Shoulder pain at rest or with mobilization
2. Swelling of wrist and hand
3. Vasomotor changes in hand (erythema or
blanching)
4. Tenderness to palpation of
a) wrist,
b) metacarpophatangeal,
c) interphalangeal joint

by Tepperman -5, 1984
1. Sheulder-hand syndrome

— 458 —



o},
iAol A BELl ual 479(61.0%), 9= 307
(39.0%)01%15n, o8 R E= 344%F 8442 H3F
58.4410]1% 2.1, 509} 60t} 5S4 o A9 70.1

%ol 3t

)Y Y

HFE He4d Ad@de Dorex Digital Infra-
red Thermographic Imaging system& ¢]-&3}
of o%-2 RE Wi de] Ay, 50% o) §
EE fAsk, JdAds AW e dF =19~
21°C)E fAlshe, Aol gv, #5e Add FAd
ol 4 AAJE ey, AL A2 24470 HRE A9 @
Fslel cdakd & shede] W 4E EeAad
% FodE FAshelw, e ATE T2 A
A8E Futstdon, A 2 FANA PAH F
atghE AYEE o] o4 g diAsiad). #
o2 ANkAl &) AejelA I5ED) Al g

CSEF @ F Aldskden, Al AW, F5 AR

W, e A2 Bshw, 89 F O 3o )
W, @ A¢ QAR WE, @ A% A2 v,
@ Yol AW WG 49, © A AW W @ &
de) SEg SR 24 1Y 233 229 A

R eEabe B39 AEW LEA Dae A
W 2Ege W e Asdgd. AT P

DA A3E LRARE NlaRAEiE, $AEH 2T

Zzbef A B&A A5 AZE 2og vlEE:AER
o AR 4 FEFE A 71€2 Feldman
3 Nickoloff'”s} o] #&3} &2 Axd =3
7F 0.3°C ol A%= el o] Azl wek
AR A Aded At AdAd #3 $FL
kel o Ax e dulee Folug 7hertE A
Hokeh, wg dj2Est fAZelA kel ATl
upel AEH 27t o FA WahizA] sl

3) By

Database #4o® A" 27 Fd& FoxPro
¢} Microsoft Excel 218 ol&ale] HAg

Wz wgks SPSS(Statistical Program for

Social Sciencels ol&sle] FAAwsle] AxW
+E W dad pxalke] i, 2EUNE FEga,
T A, 7lelats A, 27 AL o) dsle] A3}
A f-2l g #Aeqdct.

# o
1) ops| fyoigt

Hapn| A5 Azr)zke 119 B 995 H7x|
B viekslch ABA o8 S5 Sapge 28%e
B2 w5 fuba] AF Ansizte] 12704 mintelyl
e, o]F 3704 viste] 159e]gle}, EF 497
22 12704 =luke] 28we)gla, 3714 dlute] 227
olfed, AHA HAE 349 w379 (48.1%))
v} (Table 2).

2) ciz=Zn BAEzt MEH 22 W 2 By
H HEH 2 v|m

(1) w©old| fg71zto| 3708 olgtel 4L d=
o e BRE B #59 HEW 2= AL
9 AxY vl §AGA2 f98A et}
(p<001XFig. 1), BALZeAE #S2] R €9
3 Aol AHurl FAGHeR foslA AT
257} 34 p<0.001 XFig. 2)}(Table 3).

#33) A2 AT 22 HFo] fH-2] W
f 4 FAE 0.77°C, HRF —0.34°C o190z, 498
Aske] Wi Sels AT 0.49°C, =7 —044°CR
Zzpe] RflollA @At} w)mFE Apele] EAHA e
Z o9 47 A7) dslm{p<0.001), TN A

ot

Table 2, Time Interval from Stroke Onset

Duration SHS' Non-SHS? Total
{months) (n=28) (n=49) (=77
<3 15 22 37
3~6 8 3 i1
7~9 4 5
19~12 1 2 3
>12 0 21 21

L. Shoulder-hand syndrome
2. Non-shoulder-hand syndrome
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Fig. 1. Thermogphy image. Dorsal view of upper extremity reveals regional
hypothermia on left side.

Fig. 2. Thermography image. Regional hyperthermia is noted on left dorsal hand
and distal forearm.
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Table 3, Skin Temperature Distribution in Subjects with Stroke Onset within 3 Months

SHS'(n=15)

Non-SH% (n=22)

Sensory segment
s

58 18 88¢

Dorsal hand
Distal dorsal forearm

32.67£1.97
32.31+1.79**

Proximal dorsal forearm 32.00£1.51**
Anterior arm 32394 1.71%
Lateral arm 32.56+1.66
Anterior shoulder 3174+ 1.35**
Lateral shoulder 32.18+1.40*

31.90+2.15 3125 £2.01* 31.59+1.87
31.82+£1.85 3118+ L76%** 31.62+1.64
32.29+1.63 21.53i 1.73%** 32.16+1.73
32.63x1.70 2.03 £ 1.9+ 32.45+1.92
32.74+1.74 32.2741.95%** 32.73+1.95
3212+1.55 L1748 31.72£1.54
3250 1.51 3158151 32.05£1.60

Values are given as mean and standard deviation{°C).

<005  **p<001] *Ep < 0,001
1. Shoulder-hand syndrome

2. Non-shoulder-hand syndrome

3. Involved side

4, Sound side

Table 4. Skin Temperature Difference' in Subjects
with Stroke Onset within 3 Months

SHS® Non-SHS®
(n=15) (n=22)

Sensory segment

Dorsal hand
Distal dorsal forearm

0.77£058% —~0.340.41
049£039™ —0.44+0.45

Proximal dorsal forearm —0.29+0.38* -0.64+0.46
Anterior arm —0.24+£030 —0.42+0.29
Lateral arm —038+0.47 —0.55£050
Anterior shoulder —0.18+0.42% —0.46£0.29
Lateral shoulder —032+051 —047+0.39

Values are given as mean and standard deviation
(°C). *p<005  **p<0.00]
1. Bkin temperature of involved extremity —skin
temperature of sound extremity
2. Shoulder-hand syndrome
3. Non-shoulder-hand syndrome
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Table 5. Skin Temperature Distribution in Subjects with Stroke Onset within 12 Months

SHS!(n=15) Non-SHS%{n=122)
Sensory segment
I8 S5 IS Sy

Dorsal hand 3252+ 1.97** 31.84+2.03 31.20+1.89* 31.63+1.76
Distal dorsal forearm 32.i2+1.85* 3174+ 177 311+ 1.63*™ 3159+153
Proximal dorsal forearm 3195+ 1.66* 32.21+1.80 31434 1.60™ 32.15+1.62
Anterior arm 32.38+1.81** 32.65+1.80 31.97+£1.75** 32401177
Lateral arm 32.65+1,86% 3285+ 1.85 32.21+1.80* 32.69+1.79
Anterior shoulder 377+ 1.52% 32.06+1.63 31.16+1.35* 3171+ 1.44
Lateral shoulder 32.16 £ 1.55* 32.43+1.58 31.56+ 1.40** 32.07+1.48

Values are given as mean and standard deviation("C).
*p<001  *p<0.001

1. Shoulder-hand syndrome

2. Non-shoulder-hand syndreme

3. Involved side

4, Sound side

Table 6. Skin Temperature Difference’ in Subjects
with Stroke Onset within 12 Months

Sensory segment SHY Non-SHS*
(n=28) n=28)
Dorsal hand 0.68+0,53*** —0.34+0.37
Distal dorsal forearm 0.38+0.51*** —0.48+0.43
Proximal dorsal forearm —0.26£0.45** —0.72:0.51
Anterior arm —-0.27+031* —0.44+0.31
Lateral arm —0.30+040* —055+0.51
Anterior shoulder —0.21+£0.35" —0.49+0.36
Lateral shoulder —0.27+0.44%  —~05110.42

Values are given as mean and standard deviation
(‘C).  *p<005 *p<00l **p< 0,001
1. Skin temperature of involved extremity-—skin
temperature of sound extremity
2. Shoulder-hand syundrome
3. Non-shoulder-hand syndrome
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Table 7. Findings of DITT' in Subjects with Stroke Onset within 3 Months

Temperature difference(C) Dorsal hand Distal dorsal forearm

(»T) SHS(n=15) _ Non-SHS'(n=22) SHS*n=15) _ Non-SHS'(n=22)
Hyperthermia{AT=0.3) 13 0 10 1
Isothermia(—0.3< AT<0.3) 2 13 5 7
Hypothermia(AT < —0.3) ] 9 0 14

1. Digital infrared thermographic imaging
2. Shoulder-hand syndrome
3. Non-shoutder-hand syndrome
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Table 8, Findings of DITI' in Subjects with Stroke Onset within 12 Months

Temperature difference Dorsal hand Distal dorsal forearm
(C){aT) SHS*n—=28) Non-SHS'n=28) SHSYn=28) Non-SHS'(n=28)
Hyperthermia(aT =0.3) 22 0 18 1
Isothermia{—0.3<AT<0.3) 6 14 8 8
Hypothermia(AT=<-0.3) 0 14 2 19

1. Digital infrared thermographic imaging
2, Shoulder-hand syndrome
3. Non-shoulder-hand syndrome

Table 9. Comparison of Diagnostic Values of DITT'

Dorsal hand Distal dorsal forearm
Diagnostic values
<3 Months <12 Months <3 Months <12 Months
Sensitivity (%) 86.7(13/15) 78.6(22/28) 66.7(10/15) 64.3(18/28)
Specificity(%) 100.0(22.22) 100.0(28/28) 95.5(21/22) 96.4(27/28)

( ) number of cases/total
1. Digital infrared thermographic imaging

Table 10. Relationship hetween Stroke Duration and
Temperature Change

Correlation coefficient

Sensory segment

SHS' Non-SHS*
Dorsal hand —0.12096 —0.35723*
Distal dorsal forearm —0.15741 -0.35107*
Proximal dorsal forearm 0.02602 —(.42828*
Anbterior arm —(.08866 —-0.26200
Lateral arm 0.31252 —(1.14478
Anterior shoulder —0.0020 —0.24905
Lateral shoulder 0.269 —0(.26990

*p<<0.01
1, Shoulder-hand syndrome
2. Non-shoulder-hand syndrome
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