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ABSTRACT. Activations of the triceps surae (TS) and
tibialis anterior (TA) muscles during gait were studied
In children with spastic cerebral palsy (CP) immediate-
ly before and after 30 min of standing on a ftilt-table
with the ankle dorsiflexed to stretch the TS in the
experimental group (n=8) or after a rest period in the
control group (n=11). The EMG activity from the TS
wnd TA was recorded concomitantly with electronic
footswitch signals by a computer. Video records were
made of the sagittal gait movements. Effects of PMS
were determined by comparing change scores for se-
lected spatiotemporal and muscle activation parame-
{ers between the groups. The change scores defined for
the muscle activations were: a post-test/pre-test ratio
of the EMG activity in specific segments of the gait
tycle and a locomotor spasticity index. PMS did not
significantly (p> 0.05) affect any of the spatiotemporal
parameters nor did it alter any of the TS and most of
the TA activation parameters or the SI indexes for the
I'S and TA. Only the TA post/pre activation ratio for
the 0-16% segment of the gait cycle was smaller
(p0.01), indicating a decrease in TA activation
post-PMS.
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Prolonged muscle stretch (PMS) denotes a main-
tnined stretching of spastic muscles by manual or
imechanical means. Therapists make extensive use of
inhibiting postures and manual stretching of hyper-
lonic muscles to reduce muscle tone and subsequently
encourage active movements (5). The term “inhibi-
live cast”™ has been applied to specialized casts of
various materials used to maintain the foot, ankle and
{oes in a position thought to inhibit abnormal spastic
reactions when the child is standing or walking, In
one of the few quantitative studies, Tardieu et al. (30)
ieported an increased range of passive ankle move-
ments after three weeks in a cast. As a whole, howev-
¢r, the literature on the effects of such “inhibitive
vnsts” consists of short anecdotal reports (1, 11, 13,

29) or case studies (8, 15, 16, 36) without control
groups, in which semi-quantitative evaluation proce-
dures are used.

More recently, Watt et al. (32) on the basis of
subjective scores of gait changes from video records
reported that 3 weeks of inhibitive casting led to a
significant improvement in foot-floor contacts that
was maintained up to 2 weeks after cast removal but
was lost in retests 5 months later. In another study,
Bertoti (4), found stride length measured from foot-
print records to be significantly longer in a group of
CP children after 10 weeks of wearing a short leg cast
as compared to a control group. Lastly, in a detailed
biomechanical analysis of the use of an ankle-foot
orthosis to control knee hyperextension, Simon et al.
(27) reported that such braces corrected the knee hy-
perextension in all but one of 15 children and that in 3
the correction was maintained even after the brace
was removed. Semi-quantitative analysis of the mus-
cle activations failed to discern changes in the triceps
surae activation with and without the brace although
compensatory changes were noted in the quadriceps
and gluteus maximus muscles. It could be that the
semi-quantitative analysis procedures failed to reveal
the amplitude modulations necessary to characterize
the changes in EMG. It is also possible that the largely
preprogrammed muscle activations during gait are
less sensitive to peripheral manipulations.

Odéen & Knutsson (23) showed how prolonged
muscle stretch of spastic plantarflexor muscles of
adult paraparetic patients could diminish passive re-
straint. Furthermore, by comparing the effects of
plantarflexor stretch in the lying and standing posi-
tions with the aid of a tilt table they demonstrated the
superiority of stretch when combined to the standing
position over stretch alone. These results strongly
supported the well known beneficial clinical effects
on spasticity in paraparetic patients obtained by
standing on a tilt table or with the aid of a special
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standing apparatus (for a review see Odéen 21, 22).
One can question whether such inhibitive effects can
be expected to occur on muscle activations during
gait following PMS given the different control
mechanisms involved in the genesis of the semiauto-
matic gait activations as compared to reflex or volun-
tary activations performed in the sitting or lying posi-
tion (18).

In the present study the short-term effects of a
single session of PMS of the plantarflexors were eval-
uated on activations of these same plantarflexors and
the antagonist dorsiflexors during gait in children
with spastic cerebral palsy using a control group de-
sign. The spastic plantarflexors were stretched by
standing on a tilt table for 30 min with the feet dorsi-
flexed by an adjustable footplate as described by
Knutsson & Odéen (23). In a parallel study these
same children were shown to have significantly de-
creased spastic restraint in both the stretched and
shortened muscles by this procedure and increased
capacity to voluntarily activate the plantarflexors fol-
lowing this stretching procedure (19, 20, 31). Prelimi-
nary findings were reported at the Xth World Confed-
eration for Physical Therapy Congress in Sydney (26).

METHODS

Subjects

Nineteen (19) children with spastic cerebral palsy were re-
cruited from the population of children treated at the Cardi-
nal Villeneuve Rehabilitation Centre in Quebec City. The
children (12 diplegics and 7 hemiplegics), aged 3 to 13 vears
old, met the following inclusion criteria: absence of surgery to
the legs, clinical evidence of spasticity in the plantarflexors,
capable of walking 10 M unassisted and mentally capable of
participating in the tests. They were divided into an experi-
mental (EXP) and a control group (CTL). These groups are
unbalanced, however, because random allocation of the sub-
jects, made for a parallel study (31) that included non-walkers
was not made in predetermined blocks stratified for disabil-
ity. The effects of the unequal number of diplegics and hemi-
plegics on the results were statistically evaluated. Prior to
acceptance into the study, the children were evaluated by a
neuropediatrician to confirm the diagnosis and then parental
or guardian informed consent was obtained. Subject charac-
teristics are given in Table 1.

Procedures

1. Recording of gait movements and muscle activations. To
record muscle activations, surface electrodes were placed on
the triceps surae (TS) and tibialis anterior (TA) muscles of
one leg. Movement artifacts were reduced by connecting
short electrode leads to miniature preamplifiers which were
connected to a battery and an electrode box carried at the
waist, and then by means of a 10 m shielded cable to the
electrode selector unit of a Grass (Grass Corporation, Quin-
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Table 1. Subject characteristics
D =diplegia, H=hemiplegia

Age Height Weight Dia-
Case (yrs) Sex {cm) (kg) gnosis
Expermental group (n=8)

1 7 F 117 18 D

2 5 F 112 17 D

3 7 M 123 26 D

4 11 F 115 20 D

5 6 F 119 25 D

6 9 F 130 24 D

7 4 M 104 17 H

8 3 F 90 12 H
Mean+SD 7+3¢ 114+12 20+5
Control group (n=11)

9 L) M 97 14 D
10 8 F 127 28 D
11 5 M 108 19 D
12 13 M 139 29 D
13 5 F 106 19 H
14 8 F 121 23 H
15 3 F 85 12 H
16 9 M 127 28 H
17 4 F 103 16 D
18 9 F 127 27 H
19 4 M 114 23 D

Mean+8D 7+3 l14+16 22+6

“ Values give mean+1 SD.

¢y, Mass., USA) polygraph. The myosignals were amplifi
and recorded to check for movement artifacts prior to bei
rectified, time averaged (time constant 20 ms) and fed o |
PDP 11/23 Plus Digital (Digital Equipment Corporatiol
Maynard, Ma 0174, USA) computer for recording (sampli|
frequency = 100 Hz) and analysis. The EMG activity wil
synchronized to the gait cycle by electronic footswitches il
tached to the heel, midfoot and toe of each shoe. The childrg
were requested to walk along an 8 m walkway at free speed
Sampling of EMG and footswitch signals was automaticall
started and stopped as the child interrupted beams froy
photeelectric cells placed 4 m apart. Concomitant video 1l
cords were made of the sagittal gait movements. Gait recordl
were taken twice: a pre-test just prior to the treatment and |
post-test made about 5 min after the treatment. At least I
gait cycles were recorded for each test.

2. Experimental and control treatments. Following compli
tion of the gait pre-tests, the EMG electrodes and fool
switches were left in place and the children received either
EXP or CTL treatment for 30 min. Children in the EX!
group stood upright with the help of a modified tilt table. Hij
and knee positions were controlled by special supports a I
stretch of the plantarflexors was maintained at a comfortabll
level by keeping the ankle in maximal dorsiflexion by mean
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Mitae (TS) and tibialis anterior (TA) muscles during gait in a
A yeur-old diplegic child and a normal child of the same age

ul an adjustable footplate. While standing, the children in the
I XI" group were engaged in educational activities. Between
{vits, children in the CTL group were seated and also engaged
Ih educational activities.

\. ‘Inalysis. Temporal parameters were derived from the
lintswitch signals and computed by the computer program as
Wiis the average gait velocity. For each subject, mean muscle
Mtivation profiles obtained during the pre- and post-tests
weie praphically represented as the amplitude of the EMG in
wv at cach 2% of the gait cycle. Mean activation profiles were
lhen caleulated for each group. The gait movement patterns
wore qualitatively analyzed by visual appraisal of the video
IWtords by experienced evaluators. Movement changes were
ed to help interpret the data but were not considered pri-
Wiary outcome variables.

Ircatment effects between the groups were defined by com-
frine change scores for selected gait parameters. Selected
Apitiotemporal parameters were: cycle duration, % stance
lie, average velocity and cadence. The muscle activation
poliles were statistically analyzed in two ways. First the
gilivation profiles were divided into 6 segments: 0-16%,
1050 %, 18—60%, 60-70%, 62-80% and 84-100% of the
Wit cyele (Fig. 1 A). The area under the activation profile for
wich of these segments became a specific EMG parameter for
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[ty 1 Comparison of mean activation profiles of the triceps Lo illustrate: A) analysis of specific segments of the activation

profile and B) subdivision of the activation profile for calcu-
lation of the locomotor spasticity index.

the statistical analysis. EMG change scores were defined by
post/pre EMG ratios for each segment.

Secondly, the spastic locomotor disorder index (SI) pro-
posed by Fung & Barbeau (12) was calculated for the TS and
TA (see Fig. | B). The gait cycle is divided into two equal
parts representing periods when the muscle is activated
(“on™) and relatively non-activated (“off”*); thus for the TS
and TA the gait cycle is subdivided into periods bl (0-20%),
b2 (20-70% and b3 (70-100%). The area (a) under the mus-
cle activation profile for each of these periods is calculated to
give al, a2 and a3. The SI is defined as the ratio of the EMG
area in the “off” periods to that in the “on” periods. Thus for
the TS the SI = (al+a3)/a2 and for the TA the
SI=a2/(al +a3). Fung & Barbeau (12) reported SI values of
0.12+40.04 (n=>5) and 0.20+0.05 (n=5) for the medial gas-
trocnemius and TA, respectively, in adult normal subjects.
The SI indexes for the activation profiles illustrated in Fig. 1
are 0.99 (spastic) and 0.22 (normal) for the TS and 0.87
(spastic) and 0.37 (normal) for the TA. For the statistical
analysis the SI change score was equal to the difference in SI
between pre- and post-tests.

Differences between the groups for the spatiotemporal and
EMG change scores were statistically evaluated by the Mann-
Whitney U test with the significance level set at p<0.05.
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RESULTS

1. Spatiotemporal parameters

Table II gives the spatiotemporal parameters for the
pre- and post-tests as well as the change scores. Com-
parison of the change scores for the different parame-
ters failed to reveal statistically significant (p>0.05)
differences.

2. Gait movements

Eight of the 12 diplegic children initiated the stance
phase with forefoot (midfoot and toe footswitches)
contact. Of these, 8 had foot equinus throughout the
stance phase accompanied by knee hyperextension in
3 cases and by excessive knee flexion in 3 other cases.
Those with knee hyperextension had foot drag in the
swing phase. In 3 of the diplegic children the gait
dysfunction was less severe; the stance phase was
initiated with heel contact and relatively minor ab-
normalities occurred in the ankle and knee move-
ments throughout the gait cycle. Six of the 7 hemiple-
gic children initiated the stance phase with forefoot
contact while only 1 had heel contact. In the stance
phase, knee hyperextension was observed in 3 (ac-
companied by foot equinus throughout stance in |
child) and excessive knee flexion during stance in 1,
while toe drag during swing occurred in 6 of the
hemiplegic children.

Visual inspection of the video records did not re-
veal systematic changes between the tests although
minor changes were noted in some children. Further-
more, it was not possible to define systematic differ-

EMG (1V)

800
600
400-

200

TA

(shaded area=
indicate mean

GAIT CYCLE (%)

Fig. 2. Comparison of the muscle activation profiles

+1 SD, n=20 gait cycles) and post- (squ
and vertical bars+ 1 SD, n=20 gait cycles)

min of muscle stretch in a 4-year-old diplegic child.

amplitude (in

uv) of the muscle activations in the tric

surae (TS) and tibialis anterior (TA) on the Y-axis is gi\

relative to the
178 steps/min

gait cycle on the X-axis. Cadence = 163
in pre- and post-tests, respectively. A

indicate end of stance phase.

Table I1. Spatiotemporal gait parameters obtained in pre- and post-tests for both groups of CP children

Experimental group (n=8)

Control group (n=11)

Change Change

Pre-test Post-test score” Pre-test Post-test score

Stride length 66" 67 2 78 79 2
(cm) (12) (12) (4) (13) (18) (11)
Cycle duration 1033 995 -39 1095 1035 -6l
(ms) (187) (265) (113) (158) (141) (145)
Cadence 122 132 10 112 118 6
(steps/min) (24) (32) (12) (17) (17) (16)
Velocity 65 72 7 77 77 5
9 (12) (8) (15) (16) (7

% Stance 60 61 -1 61 62 1
(8) (8) (8) (5) (5) (2)

4 Change score: difference between pre- and post-test scores.
b Values give mean+ 1 SD.
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Iy ¢ Comparison of muscle activation profiles during gait
Ui the 2 groups of subjects in pre- and post-tests. EMG ampli-
{ide (in uv) on the Y-axis is given relative to the gait cycle
[ Vuxis) for the triceps surae (TS) and tibialis anterior (TA)

pnces between the tests from analysis of the computer
printouts of the footswitch contacts.

|\ Muscle activations

lo 1llustrate the individual results, the activation pro-
liles of the TS during gait of one of the children in the
!XT’ group are illustrated in Fig. 2. This diplegic child
wilked with flexed knees and initiated the gait cycle
with forefoot contact. As can be seen in the figure, the
mean activation profiles of the TS and TA post-PMS
yoncrally fall within the dispersion of pre-test values
uid in this case the variability of the EMG measures
wis less in the TS during swing and in the TA during
munce post-PMS. The SI for the TS was 0.99 in the
pre-test and 0.95 in the post-test while for the TA it
wis 0.87 and 0.67 in the pre-test and post-test, re-
apectively.

Iig. 3 gives the EXP and CTL group mean activa-
lion profiles during gait for the TS and TA in pre- and
post-tests. Only minor changes can be discerned in
jost-test activation profiles of the CTL group. In the
I'XP group, the mean TS activation is slightly higher

100 O 20 40 60 80

100
GAIT CYCLE (%)

muscles. Values give mean+ 1 SD, n=8 for the experimental
group and n=11 for the control group. Arrows indicate end
of stance phase.

in early stance and lower in late stance in the post-test
but these changes are within the dispersion of the
pre-test values. In the TA, the mean stance and swing
phase activation level is lower in the post-tests but
again within the dispersion of pre-test values. To ver-
ify the statistical significance of these small changes,
EMG post/pre ratios for specific segments under the
activation curves were compared (see Methods).
These EMG post/pre ratios are given in Table ITI. The
only significant difference between the respective
post/pre ratios (change scores) between the EXP and
CTL groups was the smaller ratio (p<0.01) for the TA
from 0-16% of the gait cycle, indicating a decrease in
EMG activity in this part of the gait cycle post-PMS.
Examination of individual values revealed that 7 of
the 8 children in the EXP group (in comparison to 3
of 11 in the CTL group) had a post/pre EMG ra-
tio= < 1.0 for the TA in this segment of the gait cycle.

4. Spastic locomotor disorder index (SI)

Table IV gives the mean values and dispersions of the
spasticity locomotor disorder index (SI) calculated in
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pre- and post-tests as well as the change scores for
each group. In the EXP group the SI for the TS in the
pre-test ranged from 0.50 to 1.05 while in the CTL
group it ranged from 0.38 to 1.66. Although not statis-
tically different (p>0.05), the SI index was higher and
more variable in the CTL group in the pre-tests. Only
small changes occurred in the SI index in post-tests
and the change scores were similar in both groups
(p>0.05). The mean SI index for the TA was re-
markably similar in both groups (range in EXP
group=0.59-1.00 and in CTL group=0.42-1.65) al-
though its variability was larger in the CTL group.
The SI change scores between pre- and post-tests for
both groups were similar (p> 0.05).

5. Effect of disability

Because the groups were not evenly matched for dis-
ability (hemi or diplegia), the effect of disability on
the different parameters was examined. This analysis
revealed that the area under the EMG segment from
50-70% of the gait cycle was greater (p<0.01) in the

Table II1. Mean postipre EMG ratios calculated for different segments of the activation profiles during gait forl
triceps surae (TS) and tibialis anterior (TA) muscles of both groups of CP children

group of diplegic children in pre-tests. No other sp
tiotemporal or EMG parameter differed with disahi
ity in pre-tests. Analysis of the effect of disability &
change scores again pointed to the 50-70% segmen
revealing lower (p<0.02) post/pre EMG ratios for {l
diplegic group thus suggesting that the prolonged |4
stance TS activation is reduced after PMS.

DISCUSSION

In this study the effects of a single session of pr
longed stretch of the plantarflexors on activations|
these same muscles and their antagonists during g
were studied in children with spastic CP. Despll
in-depth analysis of the EMG activation profiles,
only significant finding was a lower TA actival
from 0-16% of the gait cycle post-stretch. This 1o}
early stance TA activation post-stretch did not, hal
ever, alter the SI index (12), possibly reflecting its ld
of sensitivity. Since prolonged stretch of the TS §
duced spastic restraint during passive ankle moy

Segment of gait cycle 0-16% 16=50% 18-60% 50-70% 62-80% 84-100%
TS
EXP (n=8) 1.14¢ 1.07 0.91 - 1.06
CTL (n=11) 1.12 1.16 1.12 - 1.11
TA
EXP (n=8) 0.79* - 0.88 - 1.02 0.90
CTL (n=11) 1.04 - 0.97 - 1.10 1.01

? Values give mean post/pre EMG ratio for each segment.
*p<.01; Mann-Whitney U-test.

~ Table IV. Comparison of the mean locomotor spasticity index calculated for the triceps surae and tibialis anterl
muscles in pre- and post-tests for both groups of CP children

Experimental group (n=8)

Control group (n=11)

Change Statistical Change
Pre-test Post-test score” comparison® Pre-test Post-test score
Triceps 0.74% 0.79 0.05 NS 0.82 0.76 —0.06
surae (0.20) (0.23) (0.13) (0.39) (0.26) (0.18)
Tibialis 0.78 0.76 —-0.02 NS 0.77 0.71 —0.06
anterior (0.13) (0.17) 0.17) (0.32) (0.23) (0.15)

9 Values give mean=+ 1 SD for spasticity index calculated as defined by Fung & Barbeau (1989).

b Change score: difference between pre- and post-tests.

¢ Differences between change scores were not significant; p>0.05 (Mann-Whitney U-test).
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ments in the same children (31), it was also expected
I reduce spasticity during walking. Indeed, on the
lusis of gait studies in adult spastic patients (6, 9, 17,
¥, 33) and in CP children (2, 3, 17, 26, 27), dimi-
nished spasticity could be expected to affect the tim-
Wip and amplitude of the TS activation.

The present findings clearly show that the response
il semiautomatic gait muscle activations (14) do not
fewpond in the same way as reflex and voluntary acti-
vitions to prolonged muscle stretch. These CP chil-
ilien had significantly decreased resistance to passive
movements and lower reflex EMG activations as well
i improved voluntary activation of the TS immedi-
ulely alter and up to 35 min after receiving prolonged
sictch to the plantarflexors by similar methods on a
dilferent day (31). This disparate response suggests
(it inhibitory effects of the stretching procedure may
I\ specific to the type of activation or behavior (re-
llex, voluntary or semi-automatic). It could be postu-
luled . for instance, that descending excitatory influ-
shices during gait implicate a different neuronal cir-
(uitry that bypasses the pathway through which the
Inhibitory influence of stretching is exerted. Indirect
sipport for this postulate comes from the presence of
spasticity in a given muscle during passive move-
Wents but not during gait (18, 27).

On the basis ol the present results, it is not possible
1 ascertain if the spasticity during gait was altered.
Uine way to answer this question would be to measure
the 1 or stretch reflex during gait (7, 28, 35). It is
pissible, however, that prolonged stretch led to a
lecrease in spasticity but that it did not induce func-
tonal changes during gait. In fact, given the high
iesistance of abnormal gait in spastic CP children to
- pharmacological therapy (17), likely because of the
- pieponderance of excessive coactivation of antago-
nist muscles (2, 17, 18), it is possible that one 30 min
wiston s insufficient to modify muscle activations
liring gait in spastic CP. In support of this view is the
finding that improvements in ankle movements or
spatiotemporal gait parameters induced by an ankle
loot orthosis are time dependent and can take a few
weeks to appear (4, 27, 29, 32). Lastly, it can be
arpued that even if spasticity was reduced, muscle
autivation profiles during gait may never be changed
ur normalized in spastic CP given the underlying
lesion in an immature brain. Two observations made
I our laboratory, however, indicate otherwise. First,
ihe linding that the use of a walker in a spastic diple-
¢ child allowed a more normal activation pattern of
ihe TS and TA to emerge (25) and second, the remod-
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elling of the TS activation profile during gait of a
3-year-old hemiplegic girl after wearing an ankle foot
orthosis for 3 months (10).

The predicted beneficial effect on the TA, short-
ened by the procedure, was increased early stance and
late swing phase activation. Not only did this not
occur but in fact the only significant finding post-
stretch was a decreased TA early stance phase activa-
tion. It is known that the TA activation burst in early
stance becomes more prominent with maturation as
normal infants acquire a definite heclstrike (24). It is
thus not surprizing to see an even lower TA activation
burst in spastic CP who lack dorsiflexion at the end of
the swing phase and initiate the gait cycle with full
foot or toe contact (34). On the other hand, it is more
difficult to explain the further decrease in this activa-
tion burst post-stretch. Could the lower activation
level be a response of the usually elongated TA (by the
action of the spastic plantarflexors) to the unaccus-
tomed shortened position held for 30 min while the
TS is being stretched? This change in muscle length
may affect the sensitivity of the muscle receptors so
that the excitability of the TA is much reduced, result-
ing in a still lower activation level in early stance.

Since the control group had proportionally more
hemiplegic cases than the experimental group, one
can argue that the disability level may have skewed
the response to the inhibitory procedure. This may
have been the case for the 50—70% segment of the TS
activation profile and it is possible that a larger pro-
portion of diplegics may have led to significant
changes for this EMG segment. In general, however,
statistical evaluation of the effects of disability level
on the changes in the parameters chosen to represent
the effects of the stretching procedure showed that
disability per se was not the determining factor in the
differences in group results.

In summary, the results of the present study
clearly indicate that a single session of TS stretching
in the upright position does not produce a functional
improvement in the gait pattern. These findings do
not mean that long-term muscle stretch cannot affect
muscle activations during gait but only that 30 min is
not enough. Further studies are needed to determine
the intensity and duration of the minimal effective
stretching stimulus since casts and ankle orthoses
which apply a stretch over longer periods can induce
change. The results also demonstrate the stability or
reproducibility of the gait activations in spastic CP
when the recording electrodes are left in place. Final-
ly, the present study emphasizes the importance of a

Scand J Rehab Med 23



110

C. L. Richards et al.

control group and the use of “change™ scores in the
statistical analysis. The interpretation of the effects of
the stretching procedure can be quite different when
comparing pre- and post-test results within groups or
when looking only at the experimental group.
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