The mathematical evaluation method using a
linear expression (y=ax+b)

This method is based on the
interrelationship of ROM between a knee joint
and an ankle joint expressed by the pentagon

shown on Fig.1la.
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interrelationship between a knee joint and an

The pentagon expressing the
ankle joint. A gastrocnemii are maximally
stretched on the side from the point 1-2 to the

point 1-3.

An ankle joint is fully dorsiflexed and a
knee joint is fully flexed passively at the point
1-1.  On the other hand, an ankle joint is fully
plantarflexed and a knee joint is fully extended
passively at the point 2-1. By extending a
knee joint passivel$ from the point 1-1, a
gastrocnemii becomes to be strained gradually,
and further extension of a knee joint cannot to
be achieved at the point 1-2. Similarly, by
dorsiflexing an ankle joint passively from the

point 2-1, a gastrocnemii becomes to be

strained gradually, and further dorsiflexion of
an ankle joint cannot to be achieved at the point
1-3. The pathway from the point 1-2 to the
point 1-3 may be a non-linear curve
determined by the anatomical bony
configuration of a knee and an ankle joint.
But, we express this pathway linear for
convenience. Any points on the line
connecting the point 1-2 and 1-3 represents a
pair of knec joint angle and ankle joint angle
when a gastrocnemii are maximally stretched.
The sides of the pentagon represent
length of a gastrocnemii, maximal dorsiflexion
of an ankle joint, maximal flexion of a knee
joint, maximal plantartlexion of an ankle joint
and maximal extension of a knee joint.
Shifting of the side A in the direction of the
arrow indicates contracture of a gastrocnemii.
And shifting of the side B in the direction of the
arrow indicates contracture of a soleus muscle
and, or the other soft tissue surrounding an

ankle joint such as joint capsule (Fig.1b).
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the arrows indicates existing of contracture of a

Shifting of the side A and B toward
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gastrocnemii and a soleus muscle respectively.

The side A can be expressed as y=ax+b
by linear expression. The “ y” and “ x” are
the variables of angle of an ankle joint and a
knee joint respectively. The “ a” and “b” of
this equation are the constants. The “a” is
the inclination of the side A and the “ b” isthe
y-intercept. Weuse these “ a” and “ b” asthe
parameters. 1f the parameter a is always
normal, the parameter b can be used as the
index which represents existence of
The

The “ ¢” is

contracture of a gastrocnemii(Fig.2).
side B can be expressed as y=c.
the constant, too. The parameter ¢ can be

used as the index which represents existence of
contracture of a soleus muscle and, or the other

soft tissue surrounding an ankle joint.

y=ax+b y=ax+b
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Fig.2

y=ax+b by linear expression. When a

Left: The side A is expressed as

gastrocnemii are contracted, the parameter
b(y-intercept) ruduces like b’.
Right: The side B is expressed as y=c. The

parameter ¢ is the index of maximal
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dorsiflexion of the ankle joint.

Experimental methods

Subjects

Seventeen lower limbs from nine boys with
spastic cerebral palsy aged from 7.2 to 14.4
years (10.4 2.2 years) and fifty five lower
limbs from fifty five normal boys aged from

7.4 to 14.1 years (10.7 £2.0) for the control

All of the
The

one limb of the child with spastic cerebral palsy

group were analyzed in this study.

subjects gave their informed consent.

was excluded because of severe varus
deformity. Eight children whose lower limbs
was examined bilaterally showed no systematic
assymmetry between ROM in the two limbs.
The three children with spastic cerebral palsy
could walk independently, whereas the six
children with spastic cerebral palsy could not
walk. None of the children with spastic
cerebral palsy had achieved any surgical
procedure in their limbs. The normal
children were confirmed not to have any

history of trauma and disease.

Procedure

Photographical analysis was undertaken for
measuring angle of knee and ankle joints. A
35mm still camera with an 85mm
telephotographic lens took the picture of each
posture as shown in Fig.1la. The camera was 4.
Sm apart from the subject. In order to
determine the axes of a thigh and a leg, four
black rounded markers were placed on the skin
surface at the following anatomical landmarks:
a great trochanter, a lateral femoral condyle, a
lateral tibial condyle and a lateral malleolus of
an ankle joint. A flatboard was fixed to a foot

sole tightly enough by belts. This board was



used as the axis of the foot. Angle of a knee
joint and an ankle joint of the picture was

measured based on the thigh, the leg, the foot
axes and the other additional lines by using a
Macintosh personal computer with NIH image

1. 55 (Fig.3).
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Fig.3

skin surface at a great trochanter, a lateral

Rounded markers were placed on the

femoral condyle, a lateral tibial condyle and a
A flat board was
This board

lateral malleolus of an ankle.
fixed to adhere with a foot sole.

was used as the axis of the foot.

o 1: Thigh axis(from a great trochanter to
a lateral femoral condyle)

o' 2: Legaxis(from a lateral tibial condyle
to a lateral malleolus)

o 3: Foot axis(a flat board attached to a

foot sole)

o 4: Additional line perpendicular to leg
axis( o 2)
a: Knee joint angle

B: Ankle joint angle

The parameters a, b, and ¢ was calculated
mathematically analyzing the side A and B of
the pentagon as shown on Fig.2.

Statistical differences in the data between
normal children and children with spastic
cerebral palsy, and between children with
spastic cerebral palsy with and without walking
ability were tested using analysis of variance
(ANOVA).

level.

Significant level was set at 0.05

To determine consistency in
measurements, three normal children were
examined three times on different days.
Averaged standard deviations were 2.18, 2.17,
2.03 and 3.13 for the maximal extension of
knee joints, maximal flexion of knee joints,
maximal plantarflexion of ankle joints and
maximal dorsiflexion of ankle joints
respectively. These standard deviations were
considerably low(1, 4).

The test-retest reliability was determined
for all children with spastic cerebral palsy.
Two measurements were made on different
days. The significant difference was not

found between measuremts(Table 1).

Table 1. Test-Retest Reliability of the Children with Spastic Cerebral Palsy

1st Trial 2nd Trial
Maximal Flexion of Knee Joints Mean=170.3 Mean=172.6
S.D.=3.1 $.D.=5.0
Maximal Extension of Knee Joints Mean=6.8 Mean=12.4
S.D.=11.2 $.D=113
Maximal Dorsiflexion of Ankle Joints Mean=39.9 Mean=51.6
$.D.=16.4 S$.D.=12.0
Maximal Plantarflexion of Ankle Joints Mean=62.1 Mean=55.4
§.D.=122 S.D.=129




Results

The parameters a, b and ¢ of the children with
spastic cerebral palsy are plotted versus age in
Fig 4. Age related changes of these
parameters were not found in normal children.
The solid lines represent the mean values of
The +2 or -2 SD (standard

deviation) is represented by the dotted lines as

normal children.
the limit of normal values.  Age related
changes of these parameters were not found

among the children with spastic cerebral palsy.
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Fig. 4
children with spastic cerebral palsy.

The parameters a, b and ¢ of the

Upper: All of the children who could walk

and ten of eleven who could not walk were
involved in the normal range of the parameter
a.

Middle: The value of the parameter b of
the children with spastic cerebral palsy was
significantly reduced.

Lower: The value of the parameter ¢ of
the children with spastic cerebral palsy wasnot
reduced.

Solid lines: Mean values:

Dotted lines: +2 or -2 SD (normal range):

Circle: Cerebral palsied child who could
walk

Cross: Cerebral palsied child who could

not walk

All of the children who could walk and

ten of eleven who could not walk were involved
in the normal range of the parameter a (1.1%

1.6).
children with spastic cerebral palsy was

The value of the parameter b of the
significantly reduced. Five of six who could

walk were involved in the normal range of the

parameter b(20.314.4). On the other hand,

the value of the parameter b wasreduced in six
of eleven who could not walk. Significant
difference was not found between the children
who could and could not walk.  The value of
the parameter ¢ of the children with spastic
cerebral palsy was not reduced. Five of six

who could walk were involved in the normal

range of the parameter ¢(45.4+£17.2). The

value of the parameter ¢ was reduced in only
one child who could walk. The value of the
parameter ¢ was rather increased than reduced
in the children who could not walk. The value
of the parameter ¢ of the children who could

not walk was significantly larger than that of



children who could walk.

Discussion

As the value of the parameter a of the children
with spastic cerebral palsy were mostly
involved in the normal range, the parameter b
could be employed as the index of contracture
of a gastrocnemii. It is very simple to derive the
parameters from angle of a knee and an ankle
joint of the pentagon shown on Fig.1la. By
using this mathematical evaluation method,
you can evaluate contracture of a gastrocnemii
quantitatively even if knee flexion contracture
exists. Therefore, this evaluation method will
be useful when a surgical operation such as
lengthening of tendo-Achilles is considered
for children with spastic cerebral palsy.  But, if
the parameter a is out of the normal range for
some reason or other, you cannot use the
parameter b as the index of contracture of a
gastrocnemii. It is always necessary to check
the parameter a as well as the parameter b.
You also have to give special attention to
contraction of a gastrocnemii. The parameter
b would change casily by voluntary or
involuntary contraction of a gastrocnemii.
The ROM measurement is reliable only when
total absence of contraction is definitely
ascertained. Therefore, the use of general
anesthesia, nerve block with local anestehtic,
and technique of ischemia are required to
avoid contraction (6). But, we can not use
these techniques in the routine measurements
of ROM. Wedid not use any techniques to
suppress contraction in this study. For that
reason, errors in measurements must be
unavoidable. However, our results discussing
below are still meaningful to speculate about a
pathophysiology of the contracture of triceps

surae in spastic cerebral palsied children.

Although the value of the parameter b of
the children with spastic cerebral palsy was
significantly reduced, the value of the
parameter ¢ was not reduced. From this
finding, contracture of a gastrocnemii seemed
to be dominant in contracture of a triceps surae
of a child with spastic cerebral palsy. In
general, the mechanism of contracture of a
spastic muscle of a child was thought to be
growth reduction by failure to be stretched to
its full-length (3). The muscle length is
depending upon the number of sarcomeres.
So, stretching of the muscle contribute to keep
the number of sarcomeres of the muscle and to
prevent contracture (5, 7,8). Stretching of a
monoarticular muscle such as a soleus muscle
is very simple. However, in case of stretching
a biarticular (gastrocnemii) muscle, one joint (a
knee or an ankle joint) should be extended
while the other joint (an ankle or a knee joint) is
kept to be fully extended. There would be
less chances for hypoactive children with
spastic cerebral palsy undergo activity which
make biarticular muscles to be stretched.
Therefore, contracture of a gastrocnemii are
likely to be occurred in comparison with a
soleus muscle. Furthermore, the value of the
parameter ¢ was rather increased than reduced
in the children who could not walk. This
finding showed a tendency of a soleus muscle
to loosen in children who could not walk.
Asthe

sample used in this study is relatively small, we

This looseness may come from disuse.

agree that the further investigation is necessary

to draw conclusions.
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INTRODUCTION

Children with spastic diplegia (CP children) often preferordinal shoes to plastic short leg braces.  On the other
hand, gastrocnemii are strained while standing on a ascending inclined plane. And we found that the strain on
gastrocnemii caused the hip joints to become flexed while standing on a ascending inclined plane (1).  Therefore, energy
cost of ambulation may increase as muscles participating in ambulation possibly increase when gastrocnemii are strained.
As plastic short leg braces well correct feet with spastic cquinus, gastrocnemii are thought likely to bestrained. The
purpose of this study is to detcrmine whether plastic short leg braces really have functional advantage for CP children.

METHODS

Six CP children (13.2£1.9 years) walked on a treadmill at relative speeds that ranged from slow to fast {or three
minutes at each speed.  While walking with and withoul plastic shortleg braces, oxygen uptake (VO,) was measured.
The VO, divided by walking speed, defined as an encrgy expenditureindex (EEI) was calculated. A curve EEI - walking
speed relationship was approximaled to a parabola. The lowest value of EEI as an economical EEI was calculated.

RESULTS AND DISCUSSION

In fourof the six CP children, the EEI while walking with plastic short leg braces were larger than without braces
(Fig.1). Thc cconomical EEI while walking with and without plastic short leg braces was 0.56+£0.26 ml/kg/m and
0.421+0.14ml/kg/m respectively. The ambulation with plastic short leg braces required more energy than without braces
(p<0.05). Corcoran et al.(2) reported that both plastic and metal short leg braces reduced energy during walking in
hemiparetic paticnts. They used some criteria for selection of patients.  For examplc," those were the absence of a
combination of gastrenemius - soleus spasticity and contracture as indicated by clonus sustained 5 seconds or more in two
out of threetrials. In this study, we examined diplegic patients. They were not special, foundin everywhere. From
our results, plastic short leg braces are not good for diplegic patients,and may not be good {or spastic paticnts.
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Fig.1 The curves EEI - walking speed relationship while walking with and without plastic short leg braces.
Open circle: without plastic short leg braces.  Closed circle: with plastic short leg braces.
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THHEBITEY, EAZ42205BUEDTF— 5% a v
Ea—&—-RTAEL, ik, I, BESHOF
#) pattern ¥ L1, F— s MBekirs, BR
BT R B IR E DT HEEL 2.5m OHTED
EAAEEXRERID L5 L i, REF —
2 OB E CIi BTG L IBU LA LEE
LEcBfTImA-TuwWAZ ExFERAIE LA

X, 0.6x3m OFEROLYBASBTEIR, HE
T8 (EEORIKRE, TR=RY, ARE
%, KBR—HED) *REFECEH L, FI phasic /s pat-
tern DFENF, EHERPLYEE L.

A : Fig la CREFERAOKRNERSS DOFH

o

HTEBE IFU L - ThrbDF — 2 2 RAl &
LoDk, SHITHAHE 3 S TERE LIcHTiis
LHELHLRTWAI LI LAY, KEFEEOBE,
—B I AL bIEE D BUSHITEHB LT
HLBXHI9BELELR, LT LL ZORKA
T EST, 2.5mySHLURNTHEERT S &
OHEIBEE S HoTo. ORIy — AL, %<
DFBERBIED »Th, DI W BFTOREEN 7
N—=TFTHh, BELDKIBTERENLE LT
FALNINBIEDBVREREYBAGTHZ &N
MIEDDAPLALIES>TULAE LD THS. KRHIT
VEBEEERILOIBECIEERATTHTETLT
b7 — g btk L.

(KRR )

RKERANOERF*EFPROFERBYRDO LA
w7/ m oy, P LTHRE L. ERDROBEIEENR
R ATHEEL F0 SD OEYRL, WHEE - A
HRERATRERMOETHEXERL, THARKRT
KA.

[0} 3CH

MBS ST, B FX,) MR hE <,
e F(Xy) BEfER L &, BRI
wohEW, X, HBE CRB~0BTERT
TXy) txmfeh BRI h, HElOE 2
TX,) LEIEEMzHBT5 (Fig. 2a).

fFHS L, BLTKELS, BEEORHG-FER

pattern #*/R$. REIEREOLE TEHLEH
e B DS, HEI—5ONHRMA100% & LIck
HETHh, X XS H, YRWUATH, Zi13E
BEahThs. X, Y, Z, 4Bfo -2, X,
Y, Z, BEHIO €~ 2 &RT. Xo (LHBEIND
BB ~OTHRE, Yo ikY, & Y, Lo H 58,
Zy BZ, & Z, LoMos (HEDHR) ¥RT.
T( )RE[ACKTHPHEME, F(O . )ittt oF
BRFHTH5.

¥ ¢z, 518 step length 7¢ & DRIEILKBIKRK D
HoBEF - s BHRUEFOOHARCESVWTE
Zls ot T b center of pressure X b step
length, gait cycle # K%, cadence==60 x 2/gait cy-
cle time, ﬁﬁﬁﬁ walking velosity =cadence x
step length TEE L7 (Fig. 1b).
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1. BEPAEF i T(Y) »EEHEHck
L. ERIe B ONTHABELIED LTV
Evk7cys (Fig. 2b). ,

B/BEIF DT, KEHLOMSTHE F(Z)),
F(Zp) »vhaL, HEMxFRbT F(Z) »NIEXNH
Brehbh, WERDEINIWEAF ¢, 7 cBh2
KR HHBITTHHE LR BT S (Fig. 2c). B
MR F TARD EH O BMIIc L 5 TH 5.

mEEO—fx R+ (Fig. 2d). 8&TR. BE
KR TEESBE, SBELRELTVD0, B
ENCLKESEES N EBNHCEILLSOZE
L E,

B

fEahTl, $BH FX) Rac—8oF
ke, F(X) L RERMIEL, B
By -7 TX) BRI hEDiIZ
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DfEM eV (Fig. 3a).
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Teronfl BN e AERH B (Fig.

3b).
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Fig. 3a Sagettal component (Hemiplegia)



4
F(Y1) |
25 l
1
¥ . T(Y))
20 4 | | 40
) )
| ""“ |
154 . o I 30
, : ?
:I Eé ) f:‘?‘ !
10] ! 6 oy 20 i:
(o) 6? &
%
5 { ié 0
0#3 4 5 & 8 g 10 A 0%13 4 5 6 7 B 10 A
T(Y2)
F(Y1) % %0 ?
! - i
I5 Q = 0 0 v
* = ‘?(i {Q i'
Q - , !
LY ; ool Tt } L@
1o % ¥ = by F Q
LA Ty g g Pl B0
PS5 ) =Y= 3 1 "/\‘\‘ > | l; *
S 4 ! é Oib I&’ § 71(,, A *
)% !
1x o)
OH_//:J 4 5 & 8 9 1O A ﬁ/l‘ 4 5 B8 7 8 10 A
T(Yo)
50
F(Yo)
15
& v
P¥ P
? e ® i hi % tLls
N S 50 ﬂ?% * » S A
L’? B3 F 2o LY o~ 9
I3 < I S ! ' “ 2,%
’ o og)l% [¥3 b ¥ e
i J’- BO-V
= ~ A,
0%3 4 s & 8 9 10 A L%:‘:‘ 4 5 &6 7 8 3 © A

Fig. 3b Lateral component (Hemiplegia)



