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Changes in the Gastrocnemius and Soleus Muscle Length during
Gait in CP Patients with an Equinus Deformity

Hayong Kim, M.D_, Jae Hoon Ahn, MD, Hang Ho Lee, MD*,
Jea Yun Koo, MD, Han Cherl Yee, Ph.D, and Won Sik Choy, M D,

Department of Orthopaedic Surgery, Eulji University College of Medicine, Daejeon,
Hongseong Medical Center*, Hongseong, Korea

Purpose: To measure the muscle length of the gastrocnemius and soleus during gait in CP patients
with an equinus deformity before and after surgery.
Materials and Methods: Twelve CP patients with an equinus deformity (17 limbs) were examined by
gait analysis preoperatively and postoperatively. The patient group was further classified into the TAL
and Strayer group according to the surgical technique. The mean age and mean follow-up periods were
14.3 years (5-25 years) and 15.3 months (12.5-18.5 months), respectively. The muscle length of the
Gastrocnemius and Soleus was measured during gait using the SIMM program linked to a gait analysis

system.

Results: The ankle ROM, knee ROM, maximal muscle length and peak-to-peak excursion during gait
improved after surgery. There was a significant difference between the preoperative and postoperative
measurements (p<0.05), but no difference between the postoperative and control groups (p>0.05). The
muscle length of the soleus was elongated during gait after the Strayer procedure.

Conclusion: Patients with an equinus deformity had a contracted triceps muscle, which was elongated
after surgery. These changes were quantified by a comparison of the preoperative and postoperative

measurements.

Key Words: Cerebral palsy, Equinus deformity, TAL, Strayer, Gait analysis
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1. A4

20059 HE 2006W71A] A2 HFOoE A uo
L dupe] 3 F 4 A, 293 £E 19 o] % (B
o+ 15,37 ¥)oll B BA HALS g o
o2 3Gk, AL AR 11, oA 1ol it
(Table 1). & Silfverskiold AAF SA4olH, &
Z WHgo| Algt 9 glA| o= Z-AFA oy AH A
A4 (TAL, Tendo Achilles Lengthening)2, Silf—
verskiold AA} FAoln | H= Wo| 451A] ¢
8 stA o= Bl & AU A& % (Strayer procedure)
o AP FApe SEMLS (Single event
multi—level surgery)? 2] 2% 0] o e} & Al
TAL ¥ Strayer&4] 2o tt& g F7HE U0
(Table 2).

LS & o et TALZ(n=9)3 Strayerw
(n=8) & EF3rt TALTS & A B3 A} A
ot A9 14.7THI(-25H), B AR 1514 cm
(102.9-178.4 cn) Rl A B3 HAF GA] B4 A
16.04(6—28Al), Hat A2 154.3 em (115.9-177.9

=
ot

Table 1. Patient Data Profiles

No Case Sex Age Side Diagnosis Surgical
(years) procedure
1 1 M 20 Rt CP spastic diplegia Strayer
2 Lt CP spastic diplegia TAL
3 2 M 20 Lt CP spastic hemiplegia TAL
4 3 M 5 Lt CP spastic diplegia TAL
5 4 M 6 Rt CP spastic diplegia Strayer
6 Lt CP spastic diplegia Strayer
7 5 M 22 Rt CP spastic diplegia Strayer
8 Lt CP spastic diplegia Strayer
9 6 M 19 Rt CP gpastic hemiplegia TAL
10 7 M 19 Rt CP spastic diplegia Strayer
11 Lt CP spastic diplegia TAL
12 8 M 5 Rt CP spastic diplegia Strayer
13 Lt CP spastic diplegia TAL
14 9 M 183 Lt CP gpastic hemiplegia TAL
15 10 M 8 Rt CP spastic hemiplegia Strayer
16 11 M 25 Rt CP spastic hemiplegia TAL
17 12 F 7 Lt CP spastic hemiplegia TAL

M, male; F, female; Rt, right; Lt, left; TAL, Z-plasty tendo-achilles
lengthening,
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em) At} Strayerd-S 424 A 23 AAF PA] HiE A
13.241(5—22H)), S+t ﬂ%% 14 4 em (102,9-172.5
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I ZAS el 71 =44 ] Aglo] glelel A7t
21y, 243174, n=24)& 7L
AR} 3R] HAFO] HhAA A

X Hrtz 4 Z3(plantar
flexion)?} &3 AZgE Y1A]9F 90% =33t 3]0
K] Zulf Z3(dorsiflexion) ] A=E SA8I3h 5
2 HkA} F A 2K passive reflective marker)= Helen—
Hayes ¥A)#} H2HH (Helen— Hayes marker set)ol 2
o F-2fstlar, Bl ZloA Hest £ 8 xS
3F3Iet, motion capturew 6tH9] 7H|2k= 4% Eagle
7H2} A AEl(Eagle system, Motion Analysis®, CA,
USA)E o]&3atsict A79] A2l= EvaRT (Motion—
Analysis®, CA, USA)9} Orthotrak (MotionAnaly—
sis®, Santa Rosa, CA, USA), SIMM (Software for
Interactive Musculoskeletal Modeling, Motion—
Analysis”, Santa Rosa, CA, USA)S 0|43ttt 1
& 2L Sl 92 HolH § &3 AR 4=
Zo] BhE &2 AollA EAsEITE

o _l

3. 289 Lo| &
HE £F sl ujE] o2 245 9,
sAe) Ha B ARE SIMMEF 581, 28 =Y

Table 2. Associated Procedures

Procedure N (limbs)

Psoas lengthening 4
Adductor tenotomy

Rectus transfer
Semitendinosus transfer

Distal hamstring release
Calcaneal lengthening

Femoral derotational osteotomy
Tibial derotational osteotomy

NOT 00 Wr~Oo
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(Fig. 1) AAstqitt. o] & BdS o] §sto], H3Y
S AR & 7| H(SOL, Soleus) ¥ WEMGAS,
Medial Gastrocnemius) ¥ 21Z(LGAS, Lateral Gas—
trocnemius) H|E22] Zo] WskE Z4sI9ic), Aike=
T 709 SARHTALR:, Strayerw)@} dFLEe] ko] Al
doon, FATLE & A 39 (55 77 Fot

Ak

2slE - oHE - 0[5 9f 32

4. X122 XM2| U M

A3 WA 77k Sl E B F 259] 4o
BSE7E A Ao &5 Ak Lot At wA|7L
Aogleh= 714 stof, E3A AN T 57 A
of sfgsl= Al7|(al, a2, a3, a5, ab)ol AZH 159
ZolE 7 7k vlasklth(Fig, 2). #HAke] Aol &
59| Zo] Hlao] PP F = 9 oHR Ao <5t Y

Q1212 B3] 913l Loan SV0] AlAE B AW (nor—

Fig. 1. Muscle modeling using
SIMM, Muscle model was made
for the lateral head of gastro-
cnemius (LGAS), medial head
of gastrocnemius (MGAS), and
soleus (SOL), The changes of
muscle lengths during gait were
measured with these muscle
models.

Points of Measurements

Knee-Flexion
Ankle-Dorsiflexion

Peak knee flexion

a5
@]

(@)
a4 O Ankle

Fig. 2. Ankle and knee kine-

1
60 80 100 matic curve and points (a1-a5)
Check points of knee and ankle kinematics during one gait cycle:

at which the muscle length was

(a1, a2, a3, a4,a5)  measured,
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malization)& ol sto] B3 F ST 89| Ho]
(dynamic muscle length)S 7|¥ A] Zo]|(static mu—
scle length)o] th3gt v 2 $HAFSF cHNormalized mu—
scle length=Dynamic muscle length during gait/
Static muscle length). Z+ #7t9] H|@E paired
t—test= 0]510} I 89428 p<0.052 39t 3

Aol S 5 vl shxplae] Sofd Aol v
W+ Wilcoxon signed rank testE ©]-8st%aL, 49
%2 p<0.05& 3}%ch

4

1. O|&H™ ZAL

ole}a] HA 4 SO A ZafjEato] Fasto] 919l
th 4% A TALES ot ADKF (ankle dorsiflexion
with the knee in flexed position, &34 23 Aol A
Fuj2a) —131%(—30%—0%), B ADKE (ankle
dorsiflexion with the knee in extended position, &3
4 A7 Aol He] ZMFZ) —17.3%(—40% 5
%), Strayer#-2 ADKF —8, 85(—205—0E) ADKE
—11.3% (25 ——5&:)4tt & T TALFE ADKF
18, 1% (+5%—+30%), ADKE 11.9%=(0%—+20%),
Strayer#-2 ADKF 20.6=(+10%—+30%), ADKE
13.8%(+5%—+20%)8 ZHjE59 e 35
A

A
STRAYER GROUP
Kinematics-Knee
Preoperative Postoperative
120 1
100 -
. 804
X 60 -
E‘:;< 40
i 28- ¢l Vi AN
_o0 e
-40 — — —
0 20 40 60 80 100 0 20 40 60 80 100
Kinematics-Ankle
Preoperative Postoperative
40 1
30
20
ch’ 18-“. o PN e _,3 PX Vi
& -0~ \j . 2 e
_20-
_30-
-40 —— — —
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Strayertt(Fig. 3A)2 4% %, 3 ASHolA A
2 W lE(second rocker)o] F£A] =L Zog H9
(shift)sl oS Hela, 27d Ao
plantar flexion—knee extension couple @A &
o %4 ¥ oleiat WAk QoI Al ke
FAsH AE Bk TALZ(Fig. 3B %
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3. 2§ Z0|9 H3|
1) H = (Table 3, Fig. 4)
w3 % 71ul2e) 7o) WiskFg, 4AK: A4 A

J:I

S &5 U 2 =(Fig. 4D)9} Ut W3t B
€ HAnh vlE2e) B-(Fig. 4B, C) d47]ole Hla
A o] 5 AT Tz SUY FHE HAA
T f47]0ls FE3] dolrh solvte FHIE B £
W 5 YT 2z AolE A Al 295

(second rocker)®] & A (ad)ollA HHEL o Sl

B
TAL GROUP
Kinematics-Knee
Preoperative Postoperative
110 - 110
90 90
w 707 « 70
o 50 ] L 50
%30 £ 301 \
Y10 ¥l 410 | e
-10 4 o -10 4 5
-30 —— -30 — —
0 20 40 60 80 100 0 20 40 60 80 100
Kinematics-Ankle
Preoperative Postoperative
351 40
25 30
15 1 20 ‘
5 5 5 10 4
T -5 —_ G 0 = -
a —151 a -10
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Fig. 3. The changes of ankle and knee kinematics after the operation in Strayer and TAL group,
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Table 3. Results of Mean Muscle Length and Ankle Joint Kinematics of Control and Patient Group
Preoperative gait Postoperative gait
Muscle length Joint ROM Muscle lenath Joint ROM
(mm (% of height)) (degree) 9 (degree)
Point MGAS LGAS SOL Knee Ankle MGAS LGAS SOL Knee Ankle
Control at 4129 3924 2655 2.0 0.0
247%) (235%) (15.9%)
a2 406.8 386.6 2623 48 —59
(243%) (23.1%) (15.7%)
a3 4193 3989 2717 278 117
(25.1%)  (239%) (16.3%)
a4 3847 3647 2493 278 —203
(23.0%) (21.8%) (14.9%)
ab 4076 3871 266.3 251 0.4
244%) (232%) (15.9%)
Strayer at 3453 3429 2234 18.0 07 3653 3631 236.0 126 28
(24.4%) (243%) (15.8%) (25.0%) (24.8%) (16.1%)
a2 3441 3417 2222 156 —14 360.2 3577 2334 135 —13
243%) (242%) (15.7%) (246%) (24.4%) (16.0%)
a3 3504 3483 2268 275 57 3729 370.7 2400 18.2 105
(248%) (246%) (16.0%) (26.5%) (25.3%) (16.4%)
ad 330.8 3278 2159 261 —117 3481 3451 2260 178 —107
(23.4%) (232%) (15.3%) (238%) (23.6%) (15.4%)
ab 339.9 3372 2232 38.0 —08 359.9 3571 2361 371 3.3
(24.0%) (23.8%) (15.8%) (246%) (24.4%) (16.1%)
TAL at 3701 367.7 2346 6.8 —147 3974 3951 2545 73 20
(244%) (243%) (15.5%) (25.8%) (256%) (16.5%)
368.0 3653 2342 82 —155 3913 388.9 2501 6.6 —52
(241%) (15.5%) (25.4%) (252%) (16.2%)
2393 220 —59 4037 401 4 2599 230 11,1
(26.2%) (26.0%) (16.8%)
—236 3795 376.3 2463 230 —938
(246%) (244%) (16.0%)
3879 254 4 301 14
(16.5%)

a2
(24.3%)
a3 3772 3745
249%) (247%) (15.8%)
ad 356.9 3532 2287 216
(236%) (233%) (15.1%)
ab 366.2 3632 2344 233 —159 390.7
242%) (240%) (15.5%) (26.3%) (25.1%)
al, anle joint at IC (initial contact); a3, ankle at the end of second rocker (Lmax); a4, ankle at the end of third rocker (Lmin); a5, ankle
at its maximum dorsiflexion during swing phase; MGAS, medial head of gastrocnemius; LGAS, lateral head of gastrocnemius; SOL, soleus
a3 (maximum length)ol <F 102%

10
(101.5—102.6%), a4 (minimum length)®] 93% (92.9

=
For ARE

=3o] B, ot AR o= 7Y Aottt A
3 FE(third rocker)2] 2|8 ()M £HEL o .5—102.6%),
A =L, o1E ALY dol= 71 Fobslth 3 —94.3%) 9] Ao] ¥WzkE Bt
o A1AFo] 167.1 cm (154.0—183.4 cm) 2l AAF¢lo] 7]
2] A|(Table 3)o] MGAS7} 412.9+35.2 mm, LGAS7} 2) &tz (Table 3, Fig. 5)
24 (1) & ® 28 Zolo| w3}
Strayera-(B4 A& 141.4 cm)< 713 Al(al)ol
345.3+64.3 mm, LGASE 342 9+63.8

T Al
392.4£94.3 mm, SOL 265.5+22,6 mm& %735
At 7P Aol7h dofAle a3 Al7|eMe MGAS7H
419.3+36.3 mm, LGAS7} 398.9+96.1 mm, SOL> MGAS+ )
271.7+23.0 mm=Z SHE L, 7H Zol7} GotA| mm, SOLE 223,4+22.6 mm%ith(Table 3). & 24
ad A7l A= MGAS7} 384.7+36.7 mm, LGAS7} o7} 7H Zoj A= a3 (maximum length) o] MGAS=
364.7+89.2 mm, SOLL 249.3+24.0 mm= S4 5| 350.4+71.5 mm, LGAS+ 348.3+71.5 mm, SOL
° Y 57 226.8+47.4 mmo|ith, & Zo|7} 71 FoAl=

AAsHnormalization) 5, 3

=de]
UE2

Ak ©]



HZ S R Syoj| SAe BY S H|=2 7ixoj29 20| HE 175

A Soleus B Medial head of c Lateral head of
Gastrocnemius Gastrocnemius
430 410 -
280 -
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380 -
260 -
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D Knee Joint Kinematics E Ankle Joint Kinematics
90 1 40 1
75 A 30 4
60 20
& 45 10
¥ 30- / 0 I\ 55
12' [ :;g / Fig. 4. The changes of muscle
15 30 length during gait in control
0 20 40 60 80 100 0 20 40 60 80 100 group,
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Strayer group
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2904 o ggg \ "o igg ! o
1 [ 101 o 1i i
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2709 [ 288 i [ 2(1)8 i [
IR ! ] ‘ 11 i
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M—N__—~ B N~ BN N
2301 | ~ 3501 | I~ 3501 | ~
2017 Preop | N MO Freon | N M0 TN —
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i i 3207 i 3207 | i
200 +———————— 310 ———————————— 3 +—-H-r——r
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
[2}¥e) n O (2] [2}¥e) »n O (%3] [2}¥e) »n O n
z 5 Ik i x5 Tk i x5 Ik i
B
TAL group
Soleus Gastrocnemius-medial head Gastrocnemius-lateral head
2904 A 4404 Vo 4301 v
2804 i i 2:258 ! . 4201 i Post .
; | [ 4104 1 ostop | |
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] [ 1N
[ i

L i 1 i 1 i
gjg' : P 3801 | i %?S-V—\L/
E i 1 I
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| |
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| | I
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2104 i P 3307 | i 3307 i
i P 3201 ! i 3207 | i
200 — T 310 — 310 —
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i r - 3 O r - 3 i ¥ - 3

Fig. 5. The changes of muscle length during gait in patient group at preoperative and postoperative gait analysis,
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a4 (minimum length)o] MGAS+= 330.8+68.1 mm,
LGASE 327.8+67.9 mm, SOL2 215.9+45.7 mm
o|9tt, TALw(H+t A% 151.4 cm) 71H Alal)e]
MGAS+= 370.1+79.2 mm, LGAS+= 367.6%+79.1
mm, SOLZ 234,650, 1 mm$IcHTable 3), & 2
o7} 71 Ao &= a3 (maximum length) o] MGASE
377.2+ 81.9 mm, LGASE 374,5+81.8 mm, SOL
239.3+ 52,1 mm¥lt}, <& Zo|7F 7H HolA = ad
(minimum length)o]l MGAS: 356,9+78.2 mm,
LGAS 353.2+77.8 mm, SOL 228.7+50.6 mm%it,

(2) = T 25 Z0|9 Ha}

Strayerw-(Fat A% 146.3 cm) 7]¥ Al(al)dl
MGAS+ 365.3%+53.5 mm, LGAS+ 363.1%£53.3
mm, SOLE 236.0+33.5 mm%tHTable 3). &< 2
o7} 71 Ao &= a3 (maximum length) o] MGASE
372.9+55,7 mm, LGAS+ 370,7+55,5 mm, SOL-
240.0£35.8 mmo|tt, & Zo|7t 7 HolA| = ad
(minimum length)o] MGASE 348.1+52.5 mm,
LGASE= 3451+ 52.3 mm, SOL 226.0+34.1 mm
it ol AmE & 5 Strayerwoll Al 7HAFu|
oF 11-14 mm, HJEZLE 18-22 mm9| F71S 2t
(Table 3, Fig. 5). a3°llA] H]&E2e] do] 57 AT
7FAu 29 F7F Aol vt FAH R [fo5kA
th(p<0.05).

TALZH(H A% 154.3 cm)2 713 Al(al)oll MGAS
= 397.4+64.2 mm, LGASE 395,1+64.2 mm, SOL
& 954.5+40.5 mm%tHTable 3). &< Zo|7} 714
ZojA)= a3 (maximum length)ol] MGASE 4037+
63.6 mm, LGASE 401,4+63,4 mm, SOL2 259.9+
41.1 mm¥lty, &5 Zo|7t 7 BolAl= ad (mini—
mum length)ol MGASE 379.5+61.0 mm, LGAS
376.3+60.7 mm, SOL 246.3+40.0 mm%rt} & &
TALZoll A& 7HRpo] & oF 18—-20 mm H] 522 21—
27 mm9| F7Hs Eth(Table 3, Fig, 5). a3olA vl
b 7P| 2 Ao vigte] 2zt BAH R #2
SHA Zo|7F EolHAINL, F 8 It FAZLE {9
gk ztol= §lsltkp>0.05).

AL S B BF 159 do] Hgle %
-3, e A-g23 7t AR FAXHCE &

olgt Aol BALp<0,05), 44 F-rj= Aol

1o

0]

2318 - ol - 085 9| 39!

Table 4. Normalization Values of Muscle Length Changes

Normalization (%) a3 (%) ad (%)
Control MGAS 10156 932
LGAS 1015 929
SOL 1025 943
Strayer MGAS
Preoperative 1000 946
Postoperative 101 1 948
LGAS
Preoperative 999 943
Postoperative 1011 945
SOL
Preoperative 1006 96.0
Postoperative 1018 96.4
TAL MGAS
Preoperative 100.0 946
Postoperative 1013 946
LGAS
Preoperative 1000 943
Postoperative 1013 943
SOL
Preoperative 1005 96.0
Postoperative 102.2 96.4
= TAALE FY37 2polE HolA] ¢roKp>0.05),
% ol S F A M BB o 4 9l

A
|

(3) 2 Zole| 2F(Table 4)

&5 o7k 7P AojAlE a3ollA tixE 101.5%
AL, olo] Hlate] Strayerw-& MGASE 1.5%, LGAS
+ 1.6%, SOL& 1.9% W& ©% =tk TALwS
MGASE= 1.5%, LGASE 1.5%, SOL& 2, 1%4H @&
b 7 $ofl TALZo| &3

Hol2 24 A3 4
5 2o Jrg uli

ATelAE 2 B4 o gol SIMME o] 3] A4
3t gfzol ] el % v|Ea) Fpxjulze) Zo] wisks
AgHoR 24sgt, B Aold 248 28 o]

R =
7t 3kl AA| 280) Lol g 4B WsheA|L t=ghol
gloele ALzglch ofsto] B4 A AZe] 2371 Ay
T oA A YA, T8E ThRE ALol 28
Ao B4} SRE Egoz <), "2ee] ol
HO|RE o] 92 4 ol 28-& TAo|A, 7
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fjo

A Hdop| gxtel B F vlS2nt Jixjfo|2e| Zol Hat

(rigid body)7} o™, AR 4] 8- A 9] 9%}
Szl w2} Zols} A WERT, w3 o2 A 714
3o} BARE J}x0), Aol §158kA Wol(normal
anatomic variation)7} $ltt,

SIMM A} AJele] MRI AHRE 7|dho & Hj&kE =
i:l%ul.?)p_i’ Zo]z B3l B4 21522 o]La}o] 1
o] AT} 289 WAF Y, Yok AR S oA
Yz 32 ofulo]d FEE AF 710]
3% 9, o

s}, 299
el H(point)ak

=) _11N' I nﬁ [l

M e g

(wrapping), 128]1 o]59] 4% FAZ Azl A=
(path)E ZAAsHA Hch, SIMMZZIHo] A

(accuracy)®ll gt A= Arnold SV¢]| 9J3to] B g
Act. Arnold 5 1E9] Aa 3 Lo djst
of, MRL, A, SIMMZ 23302 24% A5 v
ato], SIMMO.Z Z4H & 2o 9 X error)= 4
mm HFEO 2 B uslelet AR & Ao A, 3
Halro s Bxlel HOE A gAOR o1A] ke ¢
o= bone deformation editor®= 314 o @
2k W9l o] wiste] A oe)el AtmH)

2 A7E Bl B =5 259 Zo] ¥gk: 53

/3)51 x]_gg} Ul}H‘o‘]— o:]JﬂLo] ol%% %_L 104,;} E}U]_
HELe G7b7lol 4] A 95 FAFsE Tl 2
ol E‘ﬁ%ﬁ], ol H|&ELo] o]FA T&(two joint

muscle) 0.2 §717]19] &34 | Z2H(peak knee
flexion)o]] HF& W= o2 ARHLE & ATofA
Ao B wF 59| o] H3kE SAste], ofu]
def7l & HE BaS sl Sholl A Zhbu] Lt vlE
o] grEgo} glu* “‘14), T4 AL B 259
Zol7k solu Al ME BS ¢ 4 9%, 1
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Foot complex

Preoperative

Foot complex

After strayer procedure
The tension on the soleus also
decreases as the tight gastrocnemius
is recessed proximally

Fig. 6. Schematic relationships of gastrocnemius and soleus
muscle after Strayer procedure,
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