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Gastrocnemius Muscle Length and Velocity During Gait in
Patients with Planovalgus Foot Deformity in Cerebral Palsy

Young Jin Seo, M.D.2, Kun Bo Park, M.D.?, Yoon Hae Kwak, M.D.?
Ki Seok Lee, M.D.?, Hyun Woo Kim, M.D.?

Department of Orthopaedic Surgery, Yonsei University College of Medicine, Korea®
Department of Orthopaedic Surgery, Hallym University College of Medicine, Korea?

Purpose: Patients with planovalgus show various abnormal gaits and these are affected by the different
length and velocity of the muscles around knee and ankle. The purpose of study is to compare the length and
velocity of gastrocnemius in cerebral palsy with planovalgus by ankle plantarflexion-knee extension couple.

Materials and Methods: 22 patients with spastic diplegia who have planovalgus were included. The mean
age was 12 years (5 years~18 years). Group | consisted of 7 patients with knee flexion more than 30 degrees
and Group Il consisted of 15 patients with knee flexion less than 15 degrees during mid-stance phase. Normal
groups were consisted of 15 normal children.

Results: In patients with planovalgus, ankle dorsiflexion during stance was decreased but ankle plantarflex-
ion was not different compared to normal. There is no difference in the percent length of gastrocnemius com-
pared to normal, but the velocity was decreased. The percent length of gastrocnemius was decreased in group I,
but there were no difference in the velocity.

Conclusion: The decreased velocity of gastrocnemius is the cause of disability of ankle plantarflexion-knee
extension couple and the variable length of gastrocnemiusis the cause of variability of abnormal gait.

Key Words: Planovalgus, Cerebral palsy, Musculoskeletal model, Gait analysis

TEL: 02) 2228-2187 FAX: 02) 363-1139 E-mail: pedhkim@yuhs.ac
008 8 31, AM=ZE 2008 128 9

T 2
ATE 2008 oAM|CHStL ofnfrfst wLfoiTtH|o| X[ @S got O|FO{ /&Lt

AL
FSES-TR
* =
=

717



}_o}\;}]\;]_l,S?)'

%3

7

2009

=

1=

)
[

|

oh4a+7ﬁ

Al 12

Al

+s

i

f

4

i}

<)

ch

A

TR ETMEF R T HBTIT W TR B Mo pw Moo TR RS W N E ok
o TR R RR =Ry ﬁ%gﬂxﬂmm}ﬁﬂwﬁoéﬂur%ﬂ%ﬁﬁz%o%_é d..ﬂﬂ%_sﬁ%
0 T | ; ¢ T T _ =1 o<
B P Can W%A%%MW%W%&W&%%E%ﬂ%o%ﬂnxﬂwrwf}m.mA%
M_omﬂMomﬂ&ﬁMﬁ%,_t o B F T N g %..nau&ww NHIE,__,_ﬂAH:ﬂanoLHoﬁEW T e
obﬁaa%aoa%é_aﬂ l%ﬂﬂﬂ%@@em%7m%wrﬂﬁurﬁo_aweﬂmaﬂ _ﬁzﬁai
B T gl TAETe® g s I T T hggony AP g
= DS E~e 7o_ai = Mo S 401%ﬂo1rut4u|luﬂoo_u.,|1ﬂu|:1_1oﬂzﬁiﬁll
TZOREF L B e T R NN TR R P Dy L AR
TO —, - — 7 ko] 4 el N J-Jl
K T ﬂrT%M TTEHDEG o & %%i@%%i WWWMQ%_%WOMEM%%_A%
H!ﬂﬂ,_ﬂﬂmﬂm»_uqe \Dr,mﬂuroiol mmoz.u.mﬂmﬁ uwuo#%édoA%M}ﬁaiﬁﬁfJL@PﬁWEm.xﬂez+ﬁmL
%g;alﬁMO_EWL@ﬂW%%%M%%ﬂﬂWﬁﬂ@@%%ﬂ@%J%%%%%%ﬁﬁméﬂ
I T O S i U T ol T A N - B
5 %oﬂ}%i%ﬂ%%%?Tmﬂ%WEmmmWHLHWMEE{W%OXWI%%% W B
IRy BT e ™ X _ N HW e AN e e e LA
1H | ~ e < o) %O ~ n _
w8 el T ERY T LRl R S LW E w L
ROk e Pl R R SR R L
ﬁwﬂﬁawﬂ%ﬂdmﬂﬁﬂﬂé#%ﬂﬂ%%%mﬁ&ao@ﬂdﬁ%w oﬁ_ﬂﬂgﬂ?@{wﬂ%
B e ® ey @05 o N w8 ol o e ormn o B )T g oo
. Mﬂo#aAE%d,mmﬂuﬂ,_%s .uréenﬁAUr o) T o3 on%H%]e s
BT T EE T BB & T W o M T T W o e o T ow NN Ny g 0 og
HTITTHFTRNBMIE NTHEMRT RRITTITHFMNHMIEFTTRNDTDT CESIE T o oW W
éﬂ,mﬁoﬂo%ﬂm Mﬂﬂgﬂa_dﬁoﬂ Lﬂ_dﬂi%ﬂmﬂaﬂﬂmﬁﬂ ﬂmaﬂ.%%uro;ﬁ
0 o o N v — Mo T o
BF g R R e o kT SETRILEsErEEL 2Oirlath
PpITIME o T DR e o PR N L
R m Mool Woe dy * o g R WM gy =g Wy S Wy WA T o i
G T T = RN e I B T A B TR L = N o
Lol TAas MY ot e e N o LY e N ey A
T ATl = S0 sxam ™ d KR AR N NG W o £
R P S B el = T LNl N R R I )
zéﬁwﬁ_ﬂ]ﬂo %driﬂa_ymﬂ]rMﬂw_r_ ﬂ.ﬂfr%ﬂmiﬁemoﬁbﬁe%mb_ﬂﬂﬂm%ﬂdnﬂrﬂ@ﬁ
0 - ) — o — - o )
L G LR F e WA YRS Tl WA e T
T R T L . A AT U I S T i .
_— ‘WD,M.,I ni oy J.E _.E T —_ ﬂAI.._ ~ ~ | o X D,* _.:‘_ iﬂ < El at = g
B Ao W T EFR o WY T A S W o g e N G
S KR~ B T PR PENE A m RSN e E e X o = o MR TR
GEEISEREEIEE R RRRpOs g iRl Aes e ]
MR A N T o e RO o - X = ha TR = T T
B wys oy yEeid e NT oakRiaVon ANk Enn BT
1A@&mm%gmoﬂo%émw?ﬂr i @.%xW%%ﬁeméﬁowﬁW@@ﬂﬂﬂ]i%ﬁ
o o W BEHN B TR, SN ARSI - TECCIE B R Il ¢
W o md Mot Ml S Ve g g XT RSy T m
LSRN S~ S N N - B = N A ) = d%qa_ﬁo}ﬂﬂuhko%i
R AT N o M <P BURENWT W g w W AN oA T T o "
WFEFRRTHERZUFT?EUMIATTH TTHERTT 2P FFRETN MHAIPHE



s

|40[0] 2RtolIM Bl=s29] 20| 9 S5 24

5 BagoRd $F ARIWNE Holo] Az
ol £gol B 2L A SLA AT
o1 CHAH Bty
o Tt

i
o=
N
N
olr
rol
i

-
7
=
o,
[

o4, gl 10% o]4el ghol= A9)slgiT)
% 2279 Folr} AFYgolden] ot 17

Peak extension > 30°

M:F=5:2

Age : avg 1270y1s
( 5*%yrs~18*10yrs )

o, ojolr} 5oldtt. Fhole] AP BA] Hidd
B2 1241 (5 ~184N) k. A3t 5AllA 15
Al Atole] 28l 158 tiide & 3Tt
LY SAZTT-STE AW A w2 B
ol EFE Hstd 7] A7 e A
ANAZte] &WH Z3F 0% oo A &¥H
=23 HeS Holes $holg A 1 T2 BRI
o &£¥WH 2 16% vwtewAd &3d Al
A He Holg FolE A 2 Fo = EFIIAT

rlo

o

AT
o] fol= F 7 WOoR "oyt 5 ofoprt 2%
ollem FEAH-2 1241(5:d97HE ~1841) <]
oAl 2 ] Sole ¥ 15 e® dolrt 127
ooprb 39l HHdF e TdTHE (Gd~11
d37he) 1Ak (Fig. 1).

O .?. =1d=3]

[ od

FA%e H7tE A TekscanAtel F-
scan(Foot scan, Tekscan High Resolution
Pressure Assessment System: Tekscan

Group I

Peak extension < 15°
M:F=12:3
Age : avg 7Vyrs
( 5*0yrs~11*3yrs )

Fig. 1. Groups by knee range of motion; Group | consisted of 7 patients with knee flexion more than 30 degrees and
Group |1 consisted of 15 patients with knee flexion |ess than 15 degrees during mid-stance phase.

igi



thiergedeluieirelolnl Al 12 2 M 1= 20094

, South Boston, MA, U.S.A)& &3t A FTFZ Alold Fastant. AAE A 108 2
04 "45}4 A 7152 At gote] & ole] BrE £ At A st AdxeE B
FASE S5 WA mE zolE B 8l & FEstia HAkele B9 HA 1034 B
AA FH-AIRE AEre] o FHe] 7 Fio] P Almste] AT SEshA A%
AR sk W&<l ¥lE =218 (relative vertical £ EE 3t #AA e A JEHe=
impulse, RVI.)S FA], Al 1 $F3FF, A4l 2 Ad dhgoz =21 o] 53 Fdo] =
THEET A 34 FFEF AL TFEF UWS WEE Y BHER 7|5HII
THE, S FFF S T=, 95 =29 9 HPFy] Bt Nty nwd S@d S84,
Fo A S sk R 25 TH Wglel 59ty Wsle
A ANA FAste] FAISHA

Hale A BEPEA7IQ Vicon 370 AW, #E4H, I
Motion Analysis System (Oxford Metrics ©. &% x
Inc., Oxford, U.K.)& o]&3dt] AlFHA] 2 SHHJCH 5
AE, SEFINA AR L 2B ARE N m/kgo® Z3HEL

vasar. 1349 4% BAAE 44 A 1A 259 o9 £% St 349 BB
G5 AY BT AHE AW T4 A 2ol $EIYA AR ABOR Poly-
; -

v,

9

Fig. 2. Three dimensional musculo-skeletal model was made by kinetic and kinematic analysis of gait analysis. And
muscle length was calcuated and measured at 2% intervals through the gait cycle.

Table 1. Comparison of parameters of kinematics

Parameters Planovalgus Normal Pvalue
Knee (degrees) Peak flexion during swing* 60.85+11.63 64.61+4.57 0.04

Peak extension during stance 13.28+15.98 11.00+4.46 0.35
Ankle&foot (degrees)  Peak dorsiflexion during stance* 13.72+7.10 18.66+3.58 0.01

Peak plantarflexion during stance -11.11+12.91 -12.21+6.31 0.57

Values are mean + standard deviation.
* P<0.05; Pvaue: Planovalgus versus Normal
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Table 2. Comparison of sagittal parameters of kinetics during stance phase
Planovalgus Normal Pvalue
Hip Peak extension 0.79+0.49 0.81+£0.30 0.75
Peak flexion* -0.36+0.22 -0.51+0.14 0.01
Knee Peak extension* 0.34+0.21 0.41+0.19 0.03
Peak flexion -0.31+0.29 -0.28+0.07 0.48
Ankle Peak dorsiflexion* 0.92+0.46 1.22+0.17 0.01
Peak plantarflexion -0.04+0.08 -0.02+0.01 0.44

Values are mean + standard deviation.
P value: Planovalgus versus Normal, * p < 0.05

Table 3. Comparison of parameters of percent muscle length and velocities (Ratio) between planovalgus and normal

Planovalgus Normal Pvaue
Semimembranosus Maximum length 1.08+0.07 1.11+0.04 0.08
Minimum length* 0.93+£0.05 0.90+0.03 0.01
Maximum velocity* 0.00004-0.00005 0.27867-+0.04890 0.01
Minimum velocity* -0.00002+0.00004 -0.19167+0.03550 0.01
Medial gastrocnemius Maximum length 1.26+0.09 1.26+0.04 0.99
Minimum length 1.07+0.07 1.09+0.03 0.52
Maximum velocity* 0.00000-£0.00000 0.37000--0.10000 0.01
Minimum velocity* 0.00000-£0.00000 -0.34000+0.08000 0.01
Lateral gastrocnemius Maximum length 1.26+0.09 1.26+0.04 0.97
Minimum length 1.11+0.07 1.10+0.03 041
Maximum velocity * 0.00000-£0.00000 0.29000-£0.08000 0.01
Minimum velocity * 0.00000-£0.00000 -0.32000+0.07000 0.01

Values are mean + standard deviation.
P value: Planovalgus versus Normal

* p<0.05
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Fig. 3. Comparison of percent muscle length and velocities between planovalgus and normal.

Table 4. Comparison of relative vertical impulse

Group | Group Il P value
Hallux 23.8%+11.6% 20.7%=+10.8% 0.63
1st metatarsal head 16.0%=+6.8% 18.4%+8.1% 0.26
2nd metatarsal head 17.6%+7.1% 19.5%+6.6% 0.29
3-4th metatarsal head 14.2%+5.7% 12.4%+6.4% 0.27
5th metatarsal head 6.5%+3.5% 6.1%+5.0% 0.55
Lateral midfoot 4.9%+5.8% 3.6%+4.5% 0.37
Media midfoot 6.9%+4.9% 9.5%+7.5% 0.27
Latera calcaneus 4.6%+5.2% 4.2%+4.2% 0.99
Media calcaneus 5.5%+6.8% 5.6%+5.7% 0.86

Values are mean + standard deviation.
P value: Group | versus Group Il
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Group | Group Il P value
Candence (steps/min) 107.28+25.89 101.97+41.11 0.71
Walking speed (m/s) 0.70+£0.22 0.57+0.29 0.10
Step length (m) 0.39+0.13 0.31+0.13 0.08
Step time (s) 0.58+0.16 0.78+£0.59 0.68
Step width (m) 0.23+0.07 0.24+0.17 031
Stride length (m) 0.79+£0.24 0.64+0.26 0.60
Stride time (s) 1.19+0.32 3.32+9.69 0.83
Opposite foot contact (%) 51.31+2.49 48.37+6.98 0.06
Opposite foot off (%) 17.91+7.10 21.37+£13.53 0.81
Foot off (%) 68.10+7.18 69.62+10.74 0.91
Values are mean + standard deviation.
P value: Group | versus Group |1
Table 6. Comparison of parameters of percent muscle length and velocities (Ratio) between groups
Group | Group Il Pvaue
Semimembranosus Maximum length 1.06+0.05 1.10+0.07 0.71
Minimum length 0.92+£0.04 0.94+0.05 0.45
Maximum velocity 0.00004-+0.00005 0.00004-+0.00005 0.86
Minimum velocity -0.00001+0.00004 -0.00003+0.00004 0.36
Medial gastrocnemius Maximum length* 1.20+0.06 1.29+0.09 0.01
Minimum length* 1.04+0.05 1.09+0.07 0.02
Maximum velocity 0.00068-+0.00022 0.00067+0.00024 0.93
Minimum velocity -0.00074+0.00016 -0.00069-+0.00026 0.48
Lateral gastrocnemius Maximum length* 1.19+0.06 1.29+0.09 0.01
Minimum length* 1.08+0.05 1.13+0.07 0.01
Maximum velocity 0.00050-+0.00018 0.00049-+0.00019 0.96
Minimum velocity -0.00054+0.00010 -0.00053+0.00021 0.87

Vaues are mean + standard deviation.
P value: Group | versus Group |1

* p<0.05
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Fig. 5. Comparison of percent muscle length and vel ocities between group | and group I1.
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