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Post-activation depression of the lower
extremities in stroke patients with spasticity
and spastic equinovarus deformity

Depressao pbs-ativacao das extremidades inferiores de pacientes com acidente vascular
cerebral que apresentam espasticidade e deformidade equinovarus por espasticidade

Yuanbin Yang, Juan Xiao, Weiqun Song

ABSTRACT

This study aimed to investigate changes of post-activation depression in two groups of patients with or without spastic equinovarus
deformity (SED). Paired and independent t-tests were used to compare post-activation depression within and between the groups,
respectively. There was a significant positive correlation between diminished post-activation depression and spasticity severity. The
soleus and tibialis anterior (TA) post-activation depression values were significantly decreased on the affected sides of patients with SED
compared to those without. In patients without SED, the soleus post-activation depression was significantly decreased on the affected
side; however, TA post-activation depression was higher on the affected side. Both the soleus and TA become active, but the onset time may
be different. The imbalanced muscle tone between the soleus and TA in the early stage after stroke may be related to equinus deformity.
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RESUMO

O principal objetivo deste estudo é a investigacao da depressao pds-ativacdo em pacientes com deformidade equinovarus espéastica (DEE).
Os pacientes foram divididos em dois grupos. Student-t testes pareados e independentes foram utilizados para comparar a depresséo pos-
ativacao intra- e inter-grupos, respectivamente. Houve uma correlacao positiva significativa entre a diminuicao da depressao pos-ativacao
e a gravidade da espasticidade. A depressao pds-ativacdo dos musculos séleo e tibial anterior (TA) estavam significativamente diminuidas
no lado afetado dos pacientes com SEE em relagao aos membros sem SEE. Em pacientes sem SEE, a depressao pos-ativagao do musculo
s6leo encontrava-se significativamente diminuida do lado afetado. No entanto, a depresséo pés-ativacao do musculo TA era maior no lado
afetado que no lado nao afetado. Tanto o séleo quanto o TA serdo ativados, mas o tempo para isso pode ser diferente. O desequilibrio entre
o ténus dos musculos séleo e TA nos estagios iniciais pode estar relacionado a deformidade equina.

Palavras-chave: acidente vascular cerebral, espasticidade, deformidade equinovarus espéstica, hemiplegia, reabilitacao.

Spasticity is common in individuals with central nervous
system (CNS) disease’. It causes pain and reduces voluntary
movement, which can have a disabling effect on patients and
negatively affect rehabilitation outcomes. Lance’s widely used
definition of spasticity states that spasticity is a motor disor-
der characterized by a velocity-dependent increase in tonic
stretch reflexes (muscle tone) with exaggerated tendon jerks
caused by stretch reflex hyperexcitability’. A later 1994 defi-
nition described “a motor disorder characterized by a veloc-
ity-dependent increase in tonic stretch reflexes that results
from abnormal intra-spinal processing of primary afferent in-
put™. A definition published in 2005 described spasticity as

“disordered sensori-motor control, resulting from an upper
motor neuron lesion, presenting as intermittent or sustained
involuntary activation of muscles™. There is general agree-
ment that spasticity is caused by adaptations at the spinal
cord level distal to the lesion.

Changes in spinal pathways may result in spasticity in-
cluding altered muscle spindle sensitivity, presynaptic in-
hibition, recurrent (Renshaw) inhibition, Ib inhibition
and facilitation, reciprocal Ia inhibition, group II facilita-
tion, cutaneomuscular pathway changes, and post-activa-
tion depression®. The last item has been an invariant find-
ing in spasticity"®’, and whether hemiplegic or spinal, this
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abnormality correlates with the degree of spasticity” and
is not observed on the nonparetic side. Although it was re-
ported that other pathways can be changed to different ex-
tents in patients with CNS lesions, contradictory results are
published in the literature. However, most of these studies
did not report a positive correlation between the degree of
these abnormalities and spasticity severity. Therefore, it is
presumed that post-activation depression may have some
relationship with spasticity®.

If one H-reflex is induced in a resting state subject,
then later stimulation will produce reflexes with lower am-
plitudes at intervals of up to 10 s. Amplitude depression is
termed post-activation depression or homosynaptic depres-
sion®'*12 The degree of depression depends on the inter-
stimulus time: the shorter the time, the more obvious the
depression®®. H-reflex depression is striking at short breaks
(1-2 s between two successive stimulations). In contrast, the
depression is not obvious when the stimulation intervals are
8 s or longer’. Decreased synaptic neurotransmitter release
may be responsible for the depression, which is most obvious
in resting individuals and is weak or absent when the tested
muscle is voluntarily activated®'.

To date, most reports have only measured flexor car-
pi radialis (FCR) and soleus post-activation depression. To
our knowledge, there is no report on post-activation de-
pression of the tibialis anterior (TA). The TA may also be-
come spastic in post-stroke hemiplegia patients, which is
one of the reasons for spastic equinovarus deformity (SED).
Therefore, the first aim of this study was to investigate so-
leus and TA post-activation depression changes in pa-
tients with SED. Our second aim was to demonstrate that
TA post-activation depression impairment can also reflect
spasticity severity. We also confirmed the previously re-
ported finding that reduced soleus post-activation depres-
sion is related to spasticity.

METHOD

Patients

This study was carried out in the Department of
Rehabilitation, Xuanwu Hospital of Capital Medical
University. All patients had suffered a first stroke. Cerebral le-
sions were visualized on brain computed tomography (CT)
or magnetic resonance imaging (MRI). All the patients and
their guardians provided written informed consent for the
experimental procedure, and the hospital ethics committee
approved this study.

To investigate the relationship between post-activation
depression and spasticity, we assessed 33 stroke patients
(6 females and 27 males) aged 25-65 (48.94 + 9.87 years).
The time since the stroke ranged from 11 to 190 days
(85.97 £ 67.45). Abnormal muscle tone was assessed with the
composite spasticity index (CSI). The maximum possible CSI
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score are 16". The assessment was performed by a profes-
sional physiotherapist who was blinded to the post-activa-
tion depression findings.

To investigate changes in both TA and soleus post-acti-
vation depression in patients with or without SED following
stroke, the subjects were divided into two groups: I, hemiple-
gia patients with SED after stroke (n = 15) and II, hemiple-
gia patients without SED after stroke (n = 18). There was no
significant difference between the two groups with regard to
age, sex, paretic side, or diagnosis.

H-reflex test

The subjects were instructed to lie in a comfortable su-
pine position. The soleus and TA H-reflexes were induced and
recorded using a VikingQuest device (Nicolet Biomedical,
Madison, WI, USA). We used self-adhesive Ag-AgCl elec-
trodes (1.0 cm diameter) to record surface electromyogra-
phy signals. The recording electrodes were fixed to the cor-
responding skin over the muscle bellies, and the reference
electrode was secured to the skin over the muscle tendon.
The ground electrode was secured between the recording
and reference electrodes.

The tibial nerve and common fibular nerve were stimu-
lated by a surface bipolar electrode (active cathode in the
proximal part, anode in the distal part) using 1-s percuta-
neous electrical pulses. The stimulation intensity started at
0 mA and increased in 2-mA steps at a frequency of 0.2 Hz
until the H-reflex disappeared. The magnitude of the re-
sponse was measured as the peak-to-peak amplitude of the
reflex. Figure 1 shows the wiring diagram to measure soleus
and TA H-reflex pathways.

Post-activation depression of the H-reflex

To determine post-activation depression, the stimulation
intensity was set to the level that elicited H-reflex amplitudes
at the size of Hmax/2. M-waves were present in all subjects at
this intensity. Sixteen consecutive H-reflexes were acquired
at 0.1 and 1 Hz, and again at 0.1 Hz. The stability of M-wave
size was thoroughly monitored in each session. The second
train of 0.1 Hz was administered to confirm that the H-reflex
recovered to its original size after the 0.1-Hz stimulation had
ended and to guarantee that activation remained unchanged
throughout the sessions. The amount of post-activation de-
pression was computed in each patient by normalizing the
mean size of 1-Hz-induced H-reflex to the mean size of the
0.1-Hz condition after elimination of the first wave'®. This is
called the 1/10s ratio, and a greater value indicates less post-
activation depression. Special attention was paid to ensure
that the tested muscle was at complete rest because post-ac-
tivation depression is reduced when the muscle is voluntarily
contracted’. Post-activation depression was determined bi-
laterally. Figures 2 and 3 show the changes of soleus and TA
H-reflex amplitudes with different electrical stimulus rates in
hemiplegia patients with lower-extremity spasticity.
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Figure 1. Wiring diagram of pathways of soleus (A) and TA (B) H-reflexes. MN: motoneuron. Sol: soleus.

Statistical analysis

All analyses were performed with SPSS (version 13;
SPSS Inc., Chicago, IL, USA). Kolmogorov-Smirnov and
equality of variances tests were used to check normali-
ty for data in each group. Paired ¢-tests were applied to
compare soleus post-activation depression between the
unaffected and affected sides (patients with SED and pa-
tients without SED, respectively). Comparisons of the TA
post-activation depression between the unaffected and
affected sides also used paired #-tests (patients with and
without SED, respectively). Independent #-tests were per-
formed to compare soleus post-activation depression
between patients with and without SED (affected and
unaffected sides, respectively). Comparisons of the TA
post-activation depression between patients with SED
and patients without SED were made using paired ¢-tests
(affected and unaffected sides, respectively). Spearman’s
correlation coefficient tests were used to explore the re-
lationship between spasticity severity and the decrease in
post-activation depression. For all tests, p < 0.05 was con-
sidered statistically significant.

RESULTS

Spearman’s coefficients were used to investigate the re-
lationship between post-activation depression (1/10s ratio)
and spasticity severity (CSI) (Figure 4). Both the reduced
post-activation depression (implied by an increase of the
1/10s ratio) of soleus (r = 0.676, p < 0.001) and TA (r = 0.743,
p < 0.001) were significantly positively correlated with CSL.
In other words, the larger the decrease in post-activation de-
pression, the greater the degree of spasticity.

The 1/10s ratios of the soleus and TA were assessed in
stroke patients and were significantly increased on the af-
fected side of patients with SED compared with the affected
side in patients without SED (soleus, p = 0.001; TA, p < 0.001).
In patients with SED, the 1/10s ratios of both the soleus and
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Figure 2. The changes of soleus H-reflex amplitude with
different electrical stimulus rate in a hemiplegia patient
with lower extremity spasticity. We can see that when
high-frequency (1-Hz) electrical stimulus was applied, the
second and later H-reflex amplitude decreased significantly
compared to the first H-reflex on the unaffected side.
However, on the affected side, the second and later H-reflex
amplitude also decreased, but to a much lesser extent
compared to the unaffected side, and the post-activation
depression of the affected side is impaired. When
low-frequency (0.1-Hz) electrical stimulus was applied,

the H-reflex amplitude of both the unaffected side and the
affected side did not decrease significantly.

TA were significantly increased on the affected side com-
pared to the unaffected side (soleus, p < 0.001; TA, p < 0.001).
In patients without SED, the 1/10s ratio of the soleus was
significantly increased on the affected side compared to the
unaffected side (p = 0.001). However, the 1/10s ratio of the
TA was lower on the affected side compared to the unaffect-
ed side (p < 0.001).

We also compared the time since stroke between the
two groups using an independent ¢-test. In patients with and
without SED, the mean times were 123.73 and 25.87 days, re-
spectively. The time difference between the two groups was
significant (p < 0.001).
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Figure 3. The changes of TA H-reflex amplitude with different
electrical stimulus rate on the unaffected side of a hemiplegia
patient. We can see that when high-frequency (1-Hz) electrical
stimulus was applied, the second and later H-reflex amplitude
decreased significantly compared to the first H-reflex. When
low-frequency (0.1-Hz) electrical stimulus was applied, the
H-reflex amplitude did not decrease significantly.

DISCUSSION

There were five major findings of this study. (i) The most in-
teresting finding is that in patients without SED, soleus post-
activation depression decreased on the affected side com-
pared to the unaffected side; conversely, TA post-activation
depression was higher on the affected side compared to
the unaffected side. (ii) Post-activation depression was de-
creased on the affected side compared to the unaffected in
patients with SED, and post-activation depression (both so-
leus and TA) was decreased in patients with SED compared
to patients without SED on the affected side. (iii) Most pa-
tients with SED were in the subacute or chronic stage, while
patients without SED were in the early stage or had mild
hemiplegia. (iv) Significant positive correlations were found
between both diminished soleus/TA post-activation depres-
sion and spasticity severity.

Previous studies have revealed a significant positive cor-
relation between reduced post-activation depression and
spasticity severity®’. Our results provide additional evidence
for this relationship. A longitudinal observation of one pa-
tient with spinal cord injury (SCI) showed that the decrease
of post-activation depression developed with the transi-
tion from flaccid to spastic paralysis'®. After CNS lesions,
post-activation depression gradually lessens as patients
transition from the acute to chronic state, which mimics
the evolution of spasticity'”'®. Although there is no defini-
tive proof, previous studies and our findings indicate that re-
duced post-activation depression is one of the mechanisms
underlying spasticity. Most reports only measured FCR and
soleus post-activation depression; we have not seen any re-
ports studying TA post-activation depression. The TA may
also become spastic in post-stroke hemiplegia patients. We
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Figure 4. Correlation between the post-activation depression
size and CSI. The amount of post-activation depression was
indicated by the 1/10s ratios. The greater the 1/10s ratio,

the smaller the post-activation depression. Left: soleus,
data from 33 participants. Right: TA, data from 33 patients.
Each small circle represents one patient. The lines in the
charts are the regression lines. The correlation coefficient of
the Spearman rank tests was 0.676 and 0.743, respectively
(significant at the 0.001 level).

found that TA post-activation depression also correlated
with spasticity severity as assessed by CSI.

SED is a common pattern of neurological impairment
that limits patients’ ability to walk. This deformity is reported
in 18% of stroke patients'. SED includes equinus, varus, and
claw toe deformities. Equinus deformity is caused by imbal-
anced muscle tone of the plantar flexor (higher) and dorsal
flexor (lower), while varus deformity is associated with im-
balanced muscle tone of the inversion (higher) and evertor
muscles (lower). After cerebral lesioning, the prolonged in-
creased muscle tone of the hemiplegic extremity would cause
triceps shortening and tendon and soft tissue contracture,
which are related to SED.



The inversion muscles of the foot include the TA and tibi-
alis posterior, while the main evertor muscle is the peroneal
muscle. The dorsal flexion muscles include the TA, extensor
hallucis longus, and extensor digitorum longus. The plantar
flexors comprise the peroneal muscle, triceps, flexor digito-
rum longus, tibialis posterior, and flexor hallucis longus. The
TA is the main dorsal flexion and inversion muscle, while the
soleus is one of the most important plantar flexion muscles.
The volumes of the two muscles are large and their locations
are superficial, making them easy to assess. Therefore, this
study only measured the two muscles.

Based on our studies and clinical experience, SED is more
likely to appear in subacute and chronic stage patients, while
most patients without SED have had a recent stroke. Several
studies have found that post-activation depression impair-
ments do not appear immediately after the lesion but a few
weeks later, indicating that the reduction of post-activation
depression occurs gradually over time’. The decrease of
post-activation depression observed in spastic patients and
the temporal changes in the depression in the months after
SCI mimic spasticity progress®. Spasticity, SED, and impaired
post-activation depression appear gradually rather than im-
mediately after CNS lesion. These changes take time to de-
velop and thus may be due to lesion-induced changes in su-
praspinal controls and plastic changes in the spinal cord that
are secondary to the loss of the supraspinal drive disrupted by
the CNS lesion’. Impaired post-activation depression may be
one of the important plastic changes at the spinal cord level.
Based on the above arguments, it is likely that SED is related to
muscle spasticity resulting from spinal cord plasticity (such as
post-activation depression changes), and this change in plas-
ticity requires a certain amount of time after CNS damage.

Interestingly, in patients SED,
post-activation depression significantly diminished on the
affected side compared to the unaffected side. Conversely, TA

without soleus
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