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Intra- and Extra-cellular Water Distribution
in the Limbs after Cervical Spinal Cord Injury
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Abstract

People with cervical spinal cord injury (SCI) have motor and sensory dysfunction in
the upper limbs as well as in the lower limbs (quadriplegia) and high risk of
cardiovascular diseases. Muscle atrophy occurred with motor dysfunction induces
accelerated catabolism of muscle cell protein and may alter distribution of body fluid. We
examined intra-cellular water (ICW), extra-cellular water (ECW), and skeletal muscle mass
of eight male with cervical-6th SCI (SCI; age, 34.1%x2.4 yr, mean = SE) and eight
healthy age-, height-, waist circumference-matched male controls (CON). In results, ECW
divided by weight was not different between CON (24.9+0.8%) and SCI (26.3*1. 2%),
although ICW was significantly lower in SCI (CON, 39. 1+0.8% vs. SCI, 25.5+1. 9%, p <
0.001). The muscle mass was highly correlated with ICW (r=0.905, p <0.001), but not
with ECW (r=0.591, p <0.05). The ratio of ICW and ECW was significantly lower in
SCI than in CON (p <0.001), and significantly lower in leg than in arm in SCI (p <0. 05).
The results suggest that muscle atrophy induce the decrease of ICW and comparative
increase of ECW in the subjects with cervical SCI. This alteration in the distribution of
body fluid might be related the high risk of cardiovascular diseases in the people with
cervical SCL

Key words: muscle thickness, body composition, cervical spinal cord injury, Bioelectrical
Impedance Analysis (BIA), quadriplegia
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WF LTI 7= AR~ % HIZ ] [FIRR S E Kp, HAEAIIBT MR OEARIE (B
RIWCER L CWh, T ba— )LiEE L CHE, & T273.9Q cm) &MLV O BIAIKTUEO . R,
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ECW =2/1000( p; x L'/R;)
ICW =2/1000( p, x L'/R,)

HZEFR iRt (Manual Muscle Test, MMT) z Py, BRI B A AL 0 o WA IELIE (47Q

SOEHET 22 Lok, EBEICL 20 TOE cm), pi, B BT BRI A o T A7 B

Mgk zas Lz, 2OFR, ERHSHIZoWT (273.9Q cm). L, B
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ST OMERE LV B O BB G 25 ke 20 2o 72 L g oOHE
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e &[] U2 T lal CERE DT - 72 H5 I O 1534
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WERE Iy R, SO~ v b BB T correlation coefficients; ICC [3, 1]1) T0.92-0.98

% # 12 L, Xitron Hydra 4200 (Xitron Technologi- TH 72", Sanada et al® DHEEREH VT, 9F

es, San Diego, USA) % H\, &5&, Th, Lo MO E R, b, FEHE Gk b

ECW, ICW, #7Kk5r& %l L7555 23-25T 12 Wo&at), Thf= (Rt FTIROEE) 2w

AT L 7R T, BRAET & B BIED A £ 15-30E A Bk L7

SRR THE R TV, BEBRE S EE IS Ty

e, F72, WEESEA TV v xR D. #uatfEsT

T E * E ML 7. ECW, ICW, # K5 = i, £ E ML SCIHE B X UF CON BE 2 & |2 g fi &

Kaysen et al.” DHEERIZEDIWTHIB L 72 TR (SE) #EHM L, #EHFENRELTo 2.
250 ECW I ZUToRXTHBE NS, BER L8121k Mann-Whitney O U RE % Fv 7z, &

o bipE, TROmE, FRhE RN, fb

ECW =K, (H YW /R, )** ,
re W IRy) B & ORI W TIEMHEE S 2 VW CE L

H & (em) W, £&E (kg) :R:, Cole-Cole & 7o BRETEEATICZIZ SPSS12. 0% FH w72,
TN L BRI EE (Q) ) Keew Z AT O
TH-2 5N 5 FRENL BT m #2

Table 1 IZHEERE O F AR 2R, i, &
R, BHICEH LTI 2BHCEELREZTRObNR

preew, HERPNZ BT AHRYNEO B A KPTE (B o 7z, — 4, K E, BMI (Body mass index),
TET40.5Q cm)  Ks, HRIIHT2MEROE A, ECW, ICW, #7K5=id CONREIZHT, SCI#T
EHOICW I ToOXTHELI SN S, HBEGRERZRL.

Figure 11213, KE#H7-0 D ECW & ICW D%
A7z, SCIFED ECW 1326.3£1.2%TH Y, CON
HEOME (24.920.8%) LHEELREZF o7 —

KE(,‘H' = I/IOOO(Ké plz;cn')[ :

1+ (ICW/ECW)* *
—(Ry + R /R, x (1+ K ICW/ECW)
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Table 1 Physical characteristics of control and
subjects with cervical spinal cord injury.
CON group SCI group
(=98 (n=8)
Age yr 33.3+3.1 34.1x2.4
Height cm 172.0x1.8 172.9%+2.0
Waist circumference  cm 81.2x2.2 81.4+2.8
Weight kg 67.6+1.8 55.9%3. 6*
BMI kgm®  22.9+0.7  18.6x1.0*
ECW L 16.7x0. 4 14.5%0. 7%
ICW L 26.5x1.1 14, 1£]. 1***
TBW L 43.2=1.1 28.6+1. 6%**
Mean=+SE

SCI, subjects with cervical spinal cord injury; BMI,
body mass index; ECW, extra-cellular water; ICW, intra-
cellular water; TBW, total body water

*p <. 05, ***p <, 001, significantly lower than controls

Percent body water devided by weight

Extracellular water Intracellular water

Figure 1 Mean and SE of the ratio of extra-
cellular water (ECW) to body weight and
the ratio of intra-cellular water (ICW) to
body weight in the control subjects (CON
group) and cervical spinal cord injury
subjects (SCI group). ***p <0.001.

Ji, ICWIZ D v Tk, SCIE (26.3+1.2%) i3,
CON# (39.1%0.8%) LHNTHEEIKELRL
7z,

Figure 21, ICW & ECW o lhizowT, Ehfk
TR TRLAZLDTH A, CONFETIT LR
ETHTICW & ECW DI TEELRZETTRD LN
otz —J, SCIEECIZ ERICHNTTRICE
W, ECWIZRT % ICW OEIEAEEIWE %
~L7z

Figure 313, ICW, ECW & BEE CTHE L -2 5

RIAEF] - KEHLZ B

Oarm Eleg

1.8 4
1.6 1
1.4 4
1.2 4

1
0.8 1
0.6 1
0.4
0.2 1

ICW/ECW

CON group SCi group

Figure 2 Mean and SE of the ratio of intra-cellular
water (ICW) to extra-cellular water (ECW)
in the arm and leg in the control subjects
(CON group) and cervical spinal cord
injury subjects (SCI group). *p <0.05 and
“**p <0.001.

MELEOBBEERLEDDOTHS, EHHE L ICW
EOMIZIEAEZFVAERE (r =0.905, p <0.001)
BROLNTZ. — /T, 25HEL ECW L OB,
BELZMEERIIED Shz)t, FoBREnT e
BE L ICW L ORI TRWET, $EE
O (r =0.591, p <0.05) LAEDSLALH-
7.

FEIC, THBELICW EOMIZEAELSW
HIB (r =0.877, p <0.001), ECW & I3E &2V
WAHEE (r=0.594, p <0.05) 2B SR F
7o, EEHEEICW E OBICIZEE L S WIHE
(r =0.793, p <0.001) »5E®H HN705, ECW & D
HABE (r =0.453, p =0.078) IZEEThh 7. T
e, EEHEE OICW, ECW & DR EId &
ELECEDE NS,

vV EE
FHREGBEORMN 2 REE & B BIZE, &
ELXLBMITO~Y v F» ZId@I TR, BETO
XYFUINEF L EINTWEY, fEtoT, K
e Cid, % Fim, FE Bz F &
TREEELEBLC, EHMBEEETOSE B LR
DEKG A O 2 ARz, R SFHEOR
PIEST, EFDICW TR T T 525, ECW Ok
TEdHEhR5NT, BATEIZRT S ICW O
G8, EHMBEE TSN EPHL ML o
7o, 2502, SEREEEE TIZICW O 50 58411,
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Figure 3 Relationships between intra-cellular water (ICW) and muscle mass (A), and between extra-cellular water

(ECW) and muscle mass (B).
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