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Change of gait pattern of a patient with cerebral stroke by peroneal nerve
stimulation therapy
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M Objectives  The goal of this pilot study is to observe the change of gait pattern in a patient after peroneal
nerve electrical stimulation(PNST).

H Methods We analyzed the gait pattern of stroke patient using treadmill gait analysis system before
and after PNST for seven weeks. The PNST was carried out for 20minutes every day except
Sunday. In addition, the measurement was carried out every Saturday. At the fifth week,
the PNST was not carried out to confirm whether the effect of PNST was disappeared
immediately when PNST was not applied.

H Results After PNST, while heel contact time and heel max force increased and forefoot and midfoot
max force decreased, the gait parameters such as cadence, velocity, swing phase, stance phase,
total double support, step length, stride length, step time, stride time and forefoot contact
time, were not changed.

M Conclusion Gait of a patient with cerebral stroke was changed positively after PNST.

B Keywords  Stroke, Peroneal nerve stimulation, Gait analysis
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Fig. 1. Brain CT images of hemorrhage(left), after operation(middle) and after cranioplasty surgery(right).
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Table 1. Change of Manual muscle testtMMT) and Motricity Index(MI) for Seven Weeks.

1 st znd 3rd 4th 51h 6th 7th
measure measure measure measure measure measure measure
NS =M PESN 331y = S =
X2 N N N XNEEXZT RE=F
MMT 3<4 3<4 3<4 3<4 3<4 3<4 3<4
Ml hip 25 25 25 25 25 25 25
knee 19 19 19 19 19 19 19
ankle 0 0 0 0 0 0 0
o gt

e
A 317] 21 FAke] MI(motricity index)2}
MMT(manual muscle test)S HA] =75} tH(Ta-

don, Efry] HaPEA 2= Zebris Co.Ltd
FDM-TE AR&-5ISIthH(Fig. 2). A S &5
o5k M2 AHebEE o] Foigiat A HHAE
< S, AlZH}E Sk tigk MR 12T
“*(cadence), ® 3Y<Ie (velocity), UZH7](stance
phase), +27|(swing phase), %3}A] Z|Z|7](dou-
ble support), T W& X|Zk(step time), T+ A5 AZF
(stride time), §F W& Zlo|(step length), §F A= Z

o](stride length)E =435}t

[z
%

L uhul g 2 o] A H2AIZ Hl-E (con-
tact time rate, %) 2] ¥H3}

B3 2o &= 4kS forefoot, midfoot, heel 2 L
ol AEAEE vlER HAsto] H]aLskGItH(Fig.
3). Forefoot®] A|HAHSAIZHE(%)2 A HAHE]
UAEFHAZIA] A2 94.79 +£0.36, 94.43+0.32,
94.55+0.47, 94.75+0.33, 94.66+0.27 95.20+
0.30, 95.15+0.29%2 =AE 3t} Midfoot?] A
HAGFHAITEE(%)2 AHAFE dFHA7HA
76.12+8.53, 85.52+3.89, 78.74+3.47, 8§81.94+
5.20, 79.82+3.81, 82.17+3.52, 85.93+4.162
2 SAE T Heel®] AHHZAIH]E(%) A
AR AERA7IA] AR 47.72+11.36,
57.84+£11.76, 62.12+11.67, 72.48 £3.28, 72.03 £
3.82, 72.14+7.10, 73.98 +3.582 =AE Ut}

Fig. 2. Peroneal nerve stimulation equipment(left) and treadmill gait analysis system(right).
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Fig. 3. Contact time rate(%) of three different portions in right foot during walking. Before, before peroneal
nerve stimulation treatment(Tx); 1w Tx, after Tx for 1week; 2w Tx, after Tx for 2weeks; 3w Tx, after Tx for
3weeks; 4w Tx, after Tx for 4weeks; 1w NT, after pause of Tx for Tweek; 1w RTx, after Re-Tx for Tweek.

= forefoot, midfoot, heel 2 L}
o AynhdE o] HdjghS vlalskglch(Fig. 4).

ek High(N)2 A AR
AFHA7IA] A HE 325.74+39.86, 276.05+
42.30, 311.56+32.12, 333.92+24.83, 307.22+
31.34, 306.84+31.83, 285.72+24.302 =43
t}. Midfoot®] A|HEF Zigh(N)2 F A E
AFHA7IA] AR 243.32+38.89, 251.10+

42.80, 218.10+20.95, 164.20+16.82, 187.46+
19.50, 173.50 £ 13.74, 221.04+32.262 =45
ot Heel®] A\ bl HYigiN)e A
B AEHA7IA] AR 55.13+38.06, 104.46+
38.74, 95.23+38.17, 107.55+36.12, 121.84+
44.87, 113.32+28.71, 139.01 +30.530.2 =A x|
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= S o, SR AL 45 A mTRE
= ARE FABHAY A 5E AAIste| = vl=%h
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Fig. 4. Max force(N) of three different portions in right foot during walking. Before, before peroneal nerve
stimulation treatment(Tx); 1w Tx, after Tx for Tweek; 2w Tx, after Tx for 2weeks; 3w Tx, after Tx for 3weeks;
4w Tx, after Tx for 4weeks; 1w NT, after pause of Tx for Tweek; 1w RTx, after Re-Tx for 1week.
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Fig. 5. Step length of both foot and stride length during walking. Before, before peroneal nerve stimulation
treatment(Tx); 1w Tx, after Tx for Tweek; 2w Tx, after Tx for 2weeks; 3w Tx, after Tx for 3weeks; 4w Tx, af-
ter Tx for 4weeks; 1w NT, after pause of Tx for Tweek; 1w RTx, after Re-Tx for Tweek.

2 dol(em)= AWAFE AEFHA7EA] A=
26.96+2.80, 28.11+2.14, 29.04+1.79, 31.38+
1.78, 32.23+1.82, 30.17+1.63, 29.39+1.65
2 S BupHE & o g I 2
ol(cm)+= —1.31+2.04, —3.55+2.69, —3.65+%
2.59, —5.65+£2.44, —7.09+£2.16, —2.29+3.17,
—203+247%2 Z—JHQOM;]. ?‘;} 7451 710](0111)3:
AHAFE AFHAZIA] =M= 25.72+2.72,
24.50+2.92, 25.44+2.43, 25.71+2.42, 25.20+
1.98, 27.82+3.35, 26.42+2.56 2.2 =T},
uhubul g 2 umh S2b7)el| 4] J5kA) 2ot A
Ao Welse = 271 dzol vhold 2 gk
o7 é"éﬂ‘i’i‘:}.

4. g+ W& X 7k(step time, second) ¥} g+ 4
& X]ZH(stride time, second) 2] H3}
3y Foll &5 T o A Axt 3 A Al
H 15} th(Fig. 6). HHH|E & the] o] gF i
Al7H(second)> AHAFE AFHAA7IA] A2
1.02+0.06, 1.00+0.04, 1.02+0.05, 1.02+0.06,
1.01+£0.04, 1.06+0.06, 0.99+0.04= =A%t
HjuHH] g = ok o oF W A 7k(second)-> 0.67 +
0.05, 0.63+0.04, 0.66+0.06, 0.67£0.04, 0.67 +
0.04, 0.75+0.04, 0.76+0.052 &A=} g+ 4
o AlZH(second)> ARAFE U HA7IA] A
=2 1.69+0.07, 1.62+0.05, 1.68+0.09, 1.69+
0.08, 1.67+0.05, 1.81+£0.07, 1.74+£0.060.2 =
et g AE dol= AMARE A7
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Fig. 6. Step time of both foot and stride time during walking. Before, before peroneal nerve stimulation treat-
ment(Tx); 1w Tx, after Tx for Tweek; 2w Tx, after Tx for 2weeks; 3w Tx, after Tx for 3weeks; 4w Tx, after Tx
for 4weeks; Tw NT, after pause of Tx for Tweek; 1w RTx, after Re-Tx for Tweek.
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Fig. 7. Stance phase and swing phase of affected lower limb, total double support of gait cycle during walk-
ing. Before, before peroneal nerve stimulation treatment(Tx); 1w Tx, after Tx for Tweek; 2w Tx, after Tx for
2weeks; 3w Tx, after Tx for 3weeks; 4w Tx, after Tx for 4weeks; 1w NT, after pause of Tx for Tweek; 1w RTX,

after Re-Tx for Tweek.

SA YR 25.7242.72, 24.50+2.92, 25.44+2.43,
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25602 SA= ol vhube]E & gl #4719
A ARISEA] S8kl Al Akl WiHss Fd= B
7] Wiz mpojul & gro 2 Al
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= HWSFATHFig. 7). d471(%)= AHARE o
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30 7 mLload response, %, right

meingle support, %, right

54.90+3.02, 56.57+1.64, 55.95+1.87, 57.88+
1.78, 59.47+1.712 ZAEct. S27](%)=
42.99+2.66, 44.50+2.14, 45.10+3.02, 43.43+
1.64, 44.05+1.87, 42.12+1.78, 40.53+1.712
SAE AT FSHA AR (%)= 35.31£2.92,
38.18+2.47, 37.30+3.04, 40.48 £2.07, 41.49+
2.41,41.70+2.18, 39.20+1.91 02 A=}

6. kvl E & o9 AFHAL7](loading
response, %), ©3}A| Z|X]|7](single sup-
port, %), A+2}+7] (pre-swing, %)<2] H3}
WY F7)oA nhH|E & t2]9 7] F AT

A7), @ebA] AA)7], A72717F AR 6k &

O Pre-swirg), %, right
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Fig. 8. Loading response and single support, pre-swing of affected lower limb during stance phase. Before,
before peroneal nerve stimulation treatment(Tx); 1w Tx, after Tx for Tweek; 2w Tx, after Tx for 2weeks; 3w
Tx, after Tx for 3weeks; 4w Tx, after Tx for 4weeks; 1w NT, after pause of Tx for Tweek; 1w RTx, after Re-Tx

for Tweek.
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Fig. 9. Loading response and single support, pre-swing of unaffected lower limb during stance phase. Before,
before peroneal nerve stimulation treatment(Tx); 1w Tx, after Tx for 1week; 2w Tx, after Tx for 2weeks; 3w
Tx, after Tx for 3weeks; 4w Tx, after Tx for 4weeks; 1w NT, after pause of Tx for Tweek; 1w RTx, after Re-Tx
for Tweek.

< H|WFSItHFig. 8). AFHL7(%)= AMAE 7. vjup¥|®E = t}2]9] AFAE7](loading
g AFHA7A] A2 17.93+1.90, 21.37+ response, %), T3}A] Z|A]7](single sup-
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AR 17.3642.04, 16.84+£1.84, 15.60£2.61,  16.26+2.58, 16.07+1.660.2 =t tha}
16.75+1.88, 16.24£2.18, 16.23+2.54, 16.12 £ A AR 7)(%)= AR RE ATHA7IA] A2
1.680.2 S4 = Slct. 43.06£2.50, 44.62+2.03, 45.45+3.10, 43.36
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Fig. 10. Cadence and velocity during walking. Before, before peroneal nerve stimulation treatment(Tx); Tw
Tx, after Tx for 1week; 2w Tx, after Tx for 2weeks; 3w Tx, after Tx for 3weeks; 4w Tx, after Tx for 4weeks;
1w NT, after pause of Tx for Tweek; 1w RTx, after Re-Tx for Tweek.
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AE AT ARFA71(%)= AWHATE SEAA7EA] & A A9 A= anE wtefshr] ffs vis 2
AR 17.9442.00, 21.35+1.96, 21.74+2.39, 3 248 AABIch A 45 F2 15 63)(Y8
]

23.65+1.47, 25.25+1.77, 25.50+2.36, 23.13+ & A9]) vjd 2084 v|Z AAHL =6}, (=
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8. 153 ¥ 3} 4=(cadence, steps/min)2} X ol (2 AT, TR B

3) 4 (velocity, km/h) 2] ¥is} =

w3 2y pof W) Sof Wiske vluEkdtt 4 wao) o olely
(Fig. 10). 129 B35(steps/min) AARE A moov (ng ney 2 0y 25 9)717] ujea}
THAZIA YR 71.0843.14, 74072236, 0717] ujs. obsin] 2|47
71.56+3.40, 71.15+3.30, 71.57+2.29, 66.32 +
2.50, 68.88+£2.5602 A=) Bl &= (km/
h)y= A RE AFAAZIA] AR 0.555  upey
0.06, 0.54+0.06, 0.55+0.05, 0.55+0.04, 0.54 + 71

Wl 1EG B S B S5, Uz] v

0.04, 0.55+0.07, 0.55+0.050.%2 24 =|3lc). &3} 9717 u|&, st 2|A|7], 3 2k A7k}
3 28 AR B % Polo} 3 AL Qo] mE 2

anE U A= Bisb7} gloiek. who] AHe] g FE-S forefoot,
YEZ2 & gHopug ole) £l 2AFS Wol  midfoot, heel2 Wrdls wf 2-5HeHE W &
SRl 65 B HlZ A A3 At b AE HEARE S heele] Bakgiel SIS,

Table 2. Change of Gait Parameters by Peroneal Nerve Stimulation during 6 Weeks.

Gait analysis procedure 1st 7th
Temporal Cadence - -
gait parameter Velocity - -

Stance phase - -

Swing phase - -

Double support - -

Step time - -

Stride time - -

Spatial Step length - -
gait parameter Stride length - -
Kinetic parameter  Forefoot contact time - -

Midfoot contact time - -

Heel contact time 1 1
Forefoot max force ! |
Midfoot max force | |
Heel max force 1 1

I (or 1), Relative decrease(or increase) of gait events compared to previous measurement. -, no change of gait events
compared with previous measurement.
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