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ABSTRACT

This study aims to suggest clinical basis of physical therapy of  neuromuscular system
complication in type II diabetic patients through a variety of analysis methods including
echogenicity using ultrasound image and measurement of peripheral nerve function to their
neuromuscular system and provide basic materials for preparing evaluation of physical
therapy and intervention program. Subjects of this study were 75 type I diabetic patients
between 40 and 80 years old and it obtained the following results through echogenisity and
function of peripheral nerve.

Incidence of neuropathy in type II diabetes was 55.8% in men and 53.1% in women,
and total incidence of neuropathy was 54.7%. Echogenicity of patients with neuropathy was
significantly increased compared to that of patients with neuropahty. It was also found that
there were correlations between function of peripheral nerve and echogenicity of tibialis
anterior and gastrocnemius muscle. In addition, it will be important for physical therapists to
divide type II diabetic patients into neuropathy and myopathy and interpret and approach

changes of neuro-muscular system from comprehensive side.

Key word : Type II diabetes, Diabetic neuropathy, Ultrasound image, Nerve function

Eol(lee S, 1984). A28 Tt AW P
g 29 dede B3 7Y 280y 1,
AzA3} TxzAqA A&d AFAd
i (diabetes)e 7} £ s Agoz WY WHEHo FAE A JAHH

Adedd HdF F2 Zy ZHd 93
ZYPs e WA 282 AARAYFE
(WHO)dlM& 19859 A1y Fxi(Aed
AEF)F A2Y Fu(Yew WAEH) ¥
FHExY BxHez EFRIAG. 2dd
FAUSeME Fuy B L] F48] F
7R glen, F8 AMREY F9 syt
SAHANH, 1999; FAH, 199). 53]
= 89 A2¥ @At 2A F7rsa 3

(Hugoson %, 1989), A% PZ = 40t} o]Fqj
dHEn AYPLert =2y YASAel F
et 41 37 83 fAF 24
o3 9P ¥A ok (Morris, 51989).
Fxo] EAZ HE ol FdE o9
7tA AZAF WSy dBHR7) gEA
W, HEIH FPFor YnA JAWR
(Wolff 5, 1987), 2= (Rungby 5, 1992),
AR F(ain 5, 1989) Folth FxA A

MZY f380 dANE BB LR v
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7b A, Fx FAES 5%~60%7HA TFd
MEE P4sE Ro2 HIHADyck 5,
1998). A AAFE ABAY o= FE
AME Fad 4 glon, A28 FxdA
E EE @xdA fiEY, Al1E gy @
AANE FH7120] 59 ol BANA
UehdthDyck 5, 1993; Singleton £, 2001).
UutHoz e WUt ZAFE 7
HANEE F7bste 259
Fole 50% FAA LA 8w (Pirat 7,
1978), A5 flol ABAEZAAAA o] %
& Hole ZASE XA A 100%9 F
=8z ARHFo] EAJHBruyn 5,
1970).

Ay Huge 3¢ A7 22U
o Yo g YA 8- ¢4 &
3 280 Yehis, 4782 359 o
2848 57t AL e Aoz Y
ElttiAndersen &, 1996). A28 T 9
Asole 22AZWEA 9@ 2EAd 3
S RERY 5 Q4H A o A7
4 os wE sgou, 32 a7 gau
2YA87t ARGE $A0 dstn, 29
=2 yded 233 2889 Wl 2
Aoz Yegi(Dyck &, 1997, Andersen
5, 2004). 3 Fxg Qg dRAAWZe
A1 Fwere Lrld £d3, A2
Faddres 2VIRH Ugde ZeE ¢
1A At o)z U3 Z4Fold AF, =

HAd 2U%5F F° AYHY FFY A&

wy AF9Fe

Lo ol

2wy, 792499 A%, 4239 2L
428 715307 BRI EoHAm §,
2005).

gAze U® 94 72 FPPHez

2878 o187 UAY AR o
24¢ T2 glow, oE olgde 2343
(myopathy)©o]1} 417 ¥ Z(neuropathy) .2 <l
¥ 2% 9} T2FH WF3E AFHLe=
Brlske @77 Ba Ha ick(Nielsen 5,
2000; Maurits 5, 2003; Maurits &, 2004 &
At, 2005). 255 FFFAE €9°] 44
st APs, fd=rt 1, THIE 85
o] 7}53t7] WE olE o83t AT
A% 2 45 2 984 4 47 49
thickness, = CSA(cross
pinnation angle, ¥&F%F & 4 +48d
(Ledoux &, 2001; Reid %, 2003).
Heckmatt (1980, 1982)3}
Hoeven(2003)& %S994-& o] &3 A7
A ol Al A 25 W HFH Y
BFHE H7t Ao, Jesen T(1998)E FF
A 259 AN 8 ALY 253 2@
o] Ae ZHLY FxF 9 zolE
A8 ¢ e 8T APl 3
A 2EYE o 2FHY OFF W
g3 2L ofFE ¥ A¥xFL x
w3 A BA Bl FFEFS Y
3t 9 A3} oA o FA Hole i
o] e ZHL FRAAN F o A B
ojn} ¥tAl BlckNielsen %, 2000). o]z¥
299 EAL ulgro g Pemille $(2000)
< 258 WA AL 259 Y = 2
3 o] gx Fgen, 2§ A o
¢ ARE WA B T 2 F Ao
3o Maurits 5(2003)2 o)g| @ £ & ¢
goz UAY AR JWE Fi 239
F 8As} 47N AE FReEd ¥e
& 7S ATIHL, B 4Ad Qo @

sectional  area),

van der

o o Ho
=

}

-

.
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A 2&5L AAH o2 F7HE echogenicity &
Hole Wl AF¥E W 2ge
inhomogeneityd] 715 HJAGI Yo
(Lamminen, 1991; Zuberi &, 1999).

e o3 ABZAY FHFLE £
A8s BHAA @AA 74 € 52
58S AANA AT ¢ G o7 A,
ARz &4 T A¥E xSy, B4
2 FHz3 HYL HEAA dFFE olF
A Zolg FEAE & A7) dEd ¢ F
2% o F¥e] d F Utk(Kelsey F,
1992; Tuominen %, 1999; Ann %, 2005). @
A HZ ALl HA ks e A2
Yy 2= @9 ARZY WHIE xe
94L& 5§ echogenicity, HxAH7)% &34
5 53 43 A2y TR AF
A (neuromuscular  system) $HFol o
B R a4 2A AN EAE
B7t 2 FA 8837 AT A8E AA
stux @oh a2y o] Ay dAE i
o2 e gAL4gelr] WEd A A
Aol o] oA kA A@He] AULw, A
TFAYRE gutg st FHAsTldE o#E
o] ot

ol

|. CHEXE & SAPEE

L. Tgxt

2 97E oA S0 A2 B
A 7 FHYFo| 40 mg/deold, 4% 242
g3l 160 ng/dtel ¥ 759 YOS 3
Aok & 4gel Felsl A BAAIA B
Q79 BAT PRl sl 3R 49
& ¥ 598 A

2. ayyd

E d7dAMe dAAEY HEZ(gastro-
cnemius)¥} A7 ZZ(tibialis anterior)?] &
o F3E gs53AeH, vSAEH A2
39 A% A4 2 $FNRAESEE
g 43

Al

EAZY UAE GFEHE A% 259
P4 FRL A8 239 G4 A (Aloka
Co., Ltd, SSD-1700 Japan, )& A}43t}.
o] X9 Fu& WX W 35~75 Meo]
1 gaing] WHE 20~900]t). 2 A4S
o AHEE &5 WEVE 75 M AEY
Z2}(linear probe)o]n, gain(G75)3} dynamic
range(CO4)= LAY o2 EE ZHAMIA
FYIA A& . 3L wz v A
HelA wB2e &9 8 3 10 on, WA
2L AEZ4 Y 5 aelAM A
ZRFAE AY3 /A A% F&4
Hog RA & F A8 Atk

H
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289 JARNNE Y537 4L £4S
&7] 918t T EAF 45(Adobe, USA)S ©] &
dgon, gAE UAEs AU F I =
2aYoez A ooy 2 oy RIt E
A4 F=S Fost] B} she Hl
BZ, 34329 4HES AH4E 2ge=
ZZ3 9 Maurits 5, 2003). dAE JA

2X4e 98 ImagePro Plus 4.5(Media

Cybernetics, USA)E A48t
Echogenicity& #7437 93] Bd= £4

< o839 EH&se, %4

echogenicity & A %3} 3}7]91s) Hegd F

o PAsta $& 78t Yx(density)E 7§
sk Ad @ it #5% B
%29 B2 grey scale®] BFgto] 00 g
3, &5 FMolA HEgheo] 2557 Aot

2) MFIIsEM
() 333 2224
AR 279

monofilament(North  Coast

Z%3&  von Frey
Medical Inc,
Touch-Test Sensory Evaluator System, USA)
& AH3tem, 4 monofilament?] $4¥-&
1656~6.66 go2 20 TF9 FHE Az
Ak AN 27 2Re F& E3 )
290 FuTVAY = 92w By
2 AAEE F99AA AASAS SEY
< von Frey monofilament?] & &A% 9
o 7HiA AEAE W 74 f - F& “o-o}
yers ZAEstd 80% ode] “o” \hgol
YElE monofilament?] 48 @92 7z
dx2 FA s HMueller, 199).

(2) £FAFAE AA

ARAEEEE 37 3d Jg 2
A 7)(Cadwell, Sierra I, USA)E A}43}5
o EFAAAEEEY FFxPL WA
(gain)7} 5,000 wV/division, A%1& X (sweep
speed)7} 20 ms/divisiono|t. &5 A<
Nge 98 2AE AL ALY

2oz HFAAY ZAA 71EA
& 23358 & A] Al 2 (extensor
digitorum brevis)?] &, FuAFL 99
7 3 5F wiXg F AVASL S84
Hro MBS RN ATHAG. FA2
A7RY J1EAFLE BHATE dFAS2
(flexor hallucis brevis)9] ZE&o|, FnHAF&
A 2o WAR ¥ 538 Yae U3
BEt €94FE F99 FESAE FAR
AelX A7125 3t (Mynark and Koceja,
2002).

A7NAFL U R 4F(supra-maximal
stimulation leve)22 EgL2F BFAY7}
o) JFd| =28 "7tA] AR A7)
AFe2 e TFHAY AFL JAA
(baseline)?} & 94 A (negative phase
peak) Aole] 271§ FA3oH, 949
e #Hx & B¥He AFRA NS
Z334t 3L A W 9B F3 g
< A3 Ax&EEe AVATE & 9
A% 29X A"E 2HsY A2
o}.

3. 117 84

EE 5Ae 959284 SPSS 100 =g
AL o) 83}AeH, AAYE & - 5o g
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D237 2 echogenicity Wl
Mann-Whitney a5, G2 AR5 3%
echogenicity ¢] A#BA = Pearson’s

correlationg o] 83t ¥4tk FAGH
F4FL 0=0052 A4t

i, 2

L. Tdxte] 8%

YR Qud 4L EAE dde o
g3 2o dAle] WEARE 589135784,

e 60.87+11.04, YA} A FL 69.058.83,
Azte 57.8417480|%it}. B HH e
Z7F 90945581, Azt7t 6.00£3.783 02 &
A7 o Aen, FEFLE Gy BHF
I ARPFe wusE vwdy Wgkon,
AZRWE, 1L 50%01 3oz Wi ¥

AZBS BANEE GAo] 249(55.8%),
oido] 179(53.1%)e2 FAdAN EHoy,
AA SHRIEE 4YE4L7%) 22 =4 U
stth(Table 1).

Table 1. The results of incidence in neuropathy.

Men

Women Total

incidence 24(55.8%)

17(53.1%) 41(54.7%)

3. UFPT & - 2ol GE 2P ¥

44 MBAAE<00D)T FAEA(P<001)
AA el Aol Uehith FFH 22A
Al HBAAC WY 2SN fo% 2
o} LFEHATHp<.05)(Table 2).

...“8_



Table 2. The results of peripheral nerve function evaluation in diabetic group with

neuropathy and non-neuropathy.

Men Women
Neuropathy Non-neuropathy Neuropathy  Non-neuropathy

Motor NCV(M/S)

Peroneal nerve 3649(333)  43.33(2.32)™ 35.22(255)  43.23(1.47)™

Tibial nerve 4272(49%5)  4545(4.71) 39.64(262)  48.09(3.74)™
QST (score)

Sural nerve 2.90(.77) 3.41(63)° 2.72(53) 3.08(47)°

Peroneal nerve 2.85(.64) 2.87(.58) 2.64(.26) 2.82(.30)

All value are showed mean(+SD).
*P<05 P01

MNCV: motor nerve conduction velocity
QST: quantitative sensory test

4. MFEF & 2o TE echogenicity
1

A W AFES A AFWF
obd #zte] AAESZ, vlEZ9 echogenicity
€ 94 EF A3¥EFol =4 Jgwg
(Table 3). A HEZ(p<.05)& EF oA
A Fd@E Aolg dehien, AAF2L
@ o7t giIey F40AM WS

#49] echogenicity7} #A3] L Ao
e}t oh(Figure 1).

ARHE  F-Fd wWE G-y
echogenicity BN EE ZHoA Ao
=4 YelxtthTable 3). A73¥35 #ale )
E2(p<001)o] g Ao]& Yelyon, A
AYFo] gle e ARIZAA w98
ZFo)7b A A cHp<.05)(Figure 2).
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Table 3. The results of echogenisity in diabetic group with neuropathy and
non-neuropathy.

Men Women

Neuropathy =~ Non-neuropathy =~ Neuropathy = Non-neuropathy

TA 59.42(10.02) 50.71(9.21) 63.93(9.07) 60.65(8.12)
GM 52.79(7.43) 54.78(8.20) 65.22(7.93) 57.26(9.96)
All value are showed meanSD.

TA: tibialis anterior muscle
GM: gastrocnemius muscle

80

70 1

60

50 1

40 | ON
ENN

30 r

20
10 |

TA GM TA GM

Men Women

Figure 1. Comparison between neuropathy and non-neuropathy in
echogenisity with men and women.
p<05

N: neuropathy
NN: non-neuropathy
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Figure 2. Comparison of echogenisity between men and women in
neuropathy and non-neuropathy.

*p.<05 ""p<.001
N: neuropathy
NN: non-neuropathy

5. YxMAJ)%53 Echogenicity 29| 4
by

Echogenicity$} 2247715 9] 4@
AE 248 27 9o Zoi(Table 4).

BAE
TEAAA HIEFANH(r=-420, p<01), F3Z
A7 (r=-342, p<01)& HAEZ echogenicity

g &9 ARBAE Hehidg. HEAER
B E(r=-264, p<05)L &9 FFBAE Y
Bt AR wEAARFG uEZ
(r=-236, p<05)2 &9 FA#AE YEAA
oo, AMEFAAHR ¥EI(r=-346, p<01)T}
T 29 4BFAE Jedch

Table 4. The results of correlation between peripheral nerve function and

echogenicity.
TA GM
Peroneal nerve(motor) - 420™ -.262°
Tibial nerve(motor) -.342" -.139
Sural nerve(sensory) -214 -236
Peroneal nerve(sensory) -072 -346"

*p<.05 p<.01
TA: tibialis anterior muscle
GM: gastrocnemius muscle
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V.1 &

A2y Fu@are] ABWFY wANEE
JAdo] 55.8%, Aol 531% e, A 2
AREE 547%2 £A Jehd 2RAZEF
o] el Fo FEF Fo FuzE 4
Bttt @4 A73HEY gANEY 3
& & 48A UA Zoy Pirat(1978)=
440089 2 F AF I=H AT A ¥
8%, 25 Folle 50% olAeolA TRAZHE
o] HAETL 3t Y ojgr|3te] 4
T& 22A3HEF FHE FEle A
02 JEnth £ Fu BadAe Ndd
5(1983)9] AFAE 1d mge e 9.3%,
5d  olgteldE  154%, 108 ol3tdNe
302%, 100d o]l E 61.9%F o]g7|zto]
Z2ojAFE FHEC] 7S BHidty 2
A7 HxT 2HE e Ao

ARBF F - 5 ©9E Hue ¢
A=Ee AAA F33A739 A=
A9 ARHgAey, wFAARL
Ade] Yeigth. ABWE K-
echogenicity Hlno|A HAAZIZI HEZo
-y BF ARHFE /M 8350 EA
Uehten, & -y HadMe ZEg 28
A Aol EA Jetstth Maurits 5(2003)2

3

(o]

253 JFEHE T AFEIH 25

Z A9 echogenicity ¥l A Al7ZH Z o
A ol Buaty zols}t UAEH, ©f
T x4 AL I8 T 9% 34 A
7385l ul3te e Yol Hu|dtA HH
3 dojur] ffel AFHzY Aol ¥
A9 Fd §3 2L $F9 AAHFEG

€ 243 % §5& sl A4
3% ZA$7t dF-EojtiAnn F, 2005). we}
A o] AFAME BT FFARAES
7t ARG R AHHe FE9 B
ojg AZWFol uiFEo]oA
g 9% FA gL ez
echogenicity’} Z713 A& Iz QA3 2
AR el7E B 2A A&7 WEd AL
2 AZgd. ole Bxo AT 2 Aoy
gl oidte FaEHI A AAEHE
AYEo &7 2 AAZNE deddn &
Thomas$} Tomlinson(1992)¢] X w9}, ZH<}
3}e} A =950 Yehdoe
Dolman(1963)¢] R1u2 M= o] Ak T3
Echogenicity9} 217715 2t A@aA
qx FFANZY ¥EAATF F BIFAA
FB4E deEden, AAAZBY HENT
4 A ESARFAT & 4] 3 7
A9 dAPRelst £ zFdT WIE
7t e Aol ol Ax9 Aol UATH
A73-2o] M2 FANE 7HA ¥t
4& ¢ F AN

ol A A2y Fiel o TEAZWA
o] AP FFY A} FFHZ AL
Zase 2 AR7t 9% € 533 Hy, 2
Z3Zo] Aol g Az oz ARy
o] A FHZ JP=E 25 WA
EE 9 echogenicityg ZF7HN7]e Ao
Uetgtth 53 A28 gx@edMe &R
A ARSI 2ANF] Ty, o2
A% TFATF] FTYTE AFAA 98 7}
A oAy ARB-2-FFHA
musculo-skeletal lesion)g& TS0} ¥ £ 9l
O IHEE FaASAA F7HA Tx

rr
>
=

¥ (neuro-
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) 242 %he B 27 9n
NA-=-2AA9 P9F

& wsl o, Basol ool AT :}

AgdAE 37 £4¢ WASE PES @

¥ze Y AHAL 4 e FA Z=

3
a3l gasit

AR/ 2
AAENA=

o] A7 Al 28 FHo] 3 AAFZA
FHZ9 dug AXNE A% EXEY 9
244 dg J9¥H A EE B}
2 FA Z2aPEL vl A4 ARE
A Fsanx A2y F2 NE T 40t
80th el Bzl 75HE UALE 2N
E4& 53 echogenicitys} AZAEEE W
AFH 7444 5& 53 oo 2L 2

8¢ 4tk =Ty ARWF AT
£ gAdo] 55.8%, HAd9] 53.1%0121.9.01, A
A SPNEE 547%2 )¢ EA JeERgTh
A738%F #A9] echogenicity?} #J8A F
7FE1 8.9, echogenicitys} &547F ¥ 7%
AR AABAE =A Yelstc

uebA A28 Fadate] Ui A3
A B2ANFNT € A2 FHE 5 A
ZA2AY @HFY A A, o2 A
F7b €48 ¥Ase Wl U F4 =
2aYo] Hasiy, e ARWEH
ZEHS e Ot 474y Aoz o3
& FIste PAEOe AR-Z-TFAY
W3S XBFHA AZA Hrstn £
EF HgdoF & Ao J4dn
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AAG : 289 94 9 ¥4 2AE XS
ol &% A A2 A%F Wk FAY
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