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Objective: To assess the effects of diagnostic nerve
block and selective tibial neurotomy on spasticity
and co-contractions in patients with spastic equi-
novarus foot.

Methods: Among 317 patients who underwent a
tibial neurotomy between 1997 and 2019, 46 patients
who met the inclusion criteria were retrospectively
screened. Clinical assessment was made before and
after diagnostic nerve block and within 6 months
after neurotomy. A total of 24 patients underwent a
second assessment beyond 6 months after surgery.
Muscle strength, spasticity, angle of catch (XV3),
passive (XV1) and active (XVA) ankle range of motion
were measured. The spasticity angle X (XV1-XV3)
and paresis angle Z (XV1-XVA) were calculated with
the knee in flexed and extended positions.

Results: Tibialis anterior and triceps surae strength
remained unchanged, while both Ashworth and
Tardieu scores were highly reduced after nerve
block and neurotomy at all measurement times.
XV3 and XVA increased significantly after block and
neurotomy. XV1 increased slightly after neurotomy.
Consequently, spasticity angle X and paresis angle
Z decreased after nerve block and neurotomy.
Conclusion: Tibial nerve block and neurotomy
improve active ankle dorsiflexion, probably by
reducing spastic co-contractions. The results also
confirmed a long-lasting decrease in spasticity after
neurotomy and the predictive value of nerve blocks.
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Spastic equinovarus foot has an incidence of 18%
(in France after a one year follow up cohort study)

(LAY ABSTRACT A
Selective tibial nerve neurotomy is an effective surgical tre-
atment for spastic equinovarus foot deformity after stroke.
However, its effectiveness on spastic co-contractions, defi-
ned as a disabling involuntary antagonist contraction during
an active agonist movement, is unknown. This retrospective
study evaluated the effects of tibial neurotomy on the ac-
tive ankle dorsiflexion limitation related to co-contractions.
Selective tibial neurotomy allows an immediate improve-
ment in active dorsal flexion of the ankle, probably by de-
creasing muscle co-contractions around this joint. This ef-
fect continues for the long term for the soleus muscle. This
study also confirms that reflex spasticity is permanently
reduced after neurotomy. This surgical technique therefore
seems useful in limiting impairment caused by the develop-

\ment of spasticity and co-contractions after a stroke. J

within the stroke population (1). Spastic equinovarus
foot following stroke is responsible for impairment
of static and dynamic balance, with gait instability,
leading to severe functional limitations (2, 3). Spastic
equinovarus foot results from interaction between the
tibialis anterior and lateral peronei muscles weakness
or imbalance, and overactivity and/or contracture of
the calf muscles (triceps surae and tibialis posterior).
These negative (paresis) and positive (spastic muscle
overactivity) symptoms are characteristic of upper motor
neurone syndrome (4). Spastic muscle overactivity refers
to several types of muscle hypertonia, including stretch
hyperreflexia (spasticity), spastic dystonia, spastic
co-contractions, associated reactions (e.g. overflow) and
spasms (5). Spasticity is defined as a “’velocity dependent
increase in tonic stretch reflexes [...] with exaggerated
tendon jerks” (6). Spastic dystonia is an involuntary tonic
muscle hypertonia at rest without any muscle stretch,
associated with spasticity (4). Spastic co-contractions are
characterized by an involuntary antagonist contraction
(i.e. triceps surae) during a voluntary agonist activation
(i.e. tibialis anterior), resulting in movement limitation or
inversion (4). Co-contractions are one of the main causes
of disability even more than paresis (7) and spasticity (8),
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but co-contractions are difficult to identify at the bed-
side (5). In addition, soft-tissue contracture caused by
intrinsic muscle modifications may occur, limiting both
passive and active movements (5).

In clinical routine, 2 main scales are used to assess
spasticity: the Modified Ashworth Scale (MAS) and the
Modified Tardieu Scale (MTS). In order to better evaluate
all forms of spastic muscle overactivity, Gracies et al.
also proposed a 5-step clinical assessment (9). This algo-
rithm consists of both passive (steps 1 and 2) and active
(steps 3—5) assessments, including measurement of the
active range of motion (XVA) and the MTS scores. The
MTS provides a spasticity grade and quantitative measu-
res of the passive maximal range of motion at low speed
(XV1), which enables detection of muscle contracture,
and the passive angle of catch at the fastest speed (XV3).
Using these data, 2 other angles are calculated. The dif-
ference XV1-XV3 is called the spasticity angle X and
reflects the amount of stretch hyperreflexia. The difference
XV1-XVA is the paresis angle Z, which represents the
amount of paresis and spastic co-contractions. This
last angle is of great interest, as it provides information
about the ability to perform a selected movement more
precisely than a simple active angle.

Treatment of spastic equinovarus foot is multi-modal,
including botulinum toxin and selective tibial neurotomy
(STN) (10). Botulinum toxin is the first-line treatment,
with a high level of evidence in the literature (11).

STN is a neurosurgical intervention, comprising a partial
and selective section of the motor nerve fascicles or bran-
ches innervating spastic muscles. This section interrupts
both afferent (Ia and II) and efferent motor (o and y) fibres
underlying the myotatic reflex. It leads to a permanent sup-
pression of spasticity and to a transient muscle weakening,
which resolves after 8—12 months due to collateral rein-
nervation on the efferent pathway:. Its goal is to rebalance
tonicity between agonist and antagonist muscles (12).
STN has been proven to decrease spasticity in the long
term and to increase passive and active ankle dorsiflexion
(13, 14). It has also been shown that the effects of STN
on spasticity and gait kinematics can be predicted by a
diagnostic nerve block (DNB) with anaesthetics (15, 16).

The aim of this study is to investigate the effect of DNB
and STN on triceps surae spasticity, assessed by the spas-
ticity angle, and on spastic co-contractions, assessed by
the ankle dorsiflexion paresis angle. The study hypothesis
is that DNB and STN are able not only to reduce stretch
hyperreflexia, but also to reduce spastic co-contractions.

METHODS

Design

This study was retrospectively conducted in patients
treated for spastic equinovarus foot in our university
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hospital (Université catholique de Louvain, CHU UCL
Namur site Godinne, BE-5530 Yvoir, Belgium). The
study protocol was approved by the hospital ethics
committee.

Participants

The study population comprised patients who under-
went a STN between August 1997 and April 2019.
They were treated by an interdisciplinary group
and benefited from a preoperative DNB. They were
assessed before and after DNB, in the first 6 months
following surgery and, for some of them, beyond
6 months. Inclusion criteria were: age over 18 years, a
disabling spastic equinovarus foot improved after DNB
(i.e. spasticity and foot deformity reduction with better
foot stability), an active ankle dorsiflexion movement
of 10° minimum with the knee in flexion after and/
or before DNB, and a lack of associated contracture
(passive ankle dorsiflexion with the knee flexed >0°
after DNB). Exclusion criteria were: recurrence of a
central nervous system lesion during follow-up, injec-
tion of botulinum toxin in the calf muscles less than
4 months before surgery and between assessments,
absence of active ankle dorsiflexion after DNB, a ten-
don lengthening or transfer procedure associated with
STN (except a toe flexor tenotomy), and no follow-up
in the first 6 months after surgery.

Interventions and assessment

All patients underwent a selective DNB with anaesthe-
tics performed by the same physician (TD) in order
to identify the spastic muscles implicated in spastic
equinovarus foot. The motor branches of the tibial
nerve were selected in accordance with the clinical
examination. A 1-ml dose of lidocaine 2% was injected
through a conduction anaesthesia needle (23-gauge,
100-mm length) connected to an electrical stimulator
(Viking Synergy EDX, Natus-Nicolet Medical Inc.,
Middleton, WI, USA), using anatomical landmarks.
Injection was performed once an elective contraction
of the target muscle at a low intensity of stimulation
(0.01 ms, 5 mA) was found. Clinical assessment was
made 20 min later.

STN was performed by the same neurosurgeon (TG)
under general anaesthesia at the level of the motor nerve
branches targeted during DNB (13, 15). The selection of
the nerve branches to be sectioned was made during the
pre-operative interdisciplinary consultation. The tibial
nerve was dissected through a vertical skin incision
below the popliteal fossa. The motor nerve branches
of the soleus, gastrocnemius, tibialis posterior and
flexor hallucis longus muscles were identified using
electrical stimulation (12). Once isolated, the nerve
fascicles were partially sectioned over a 5-mm length
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under microscope. The degree of section (50—-80%) was
determined according to the spasticity grade. Patients
were allowed to walk on the day after surgery without
any immobilization or casting.

All clinical assessments were performed by the same
physician (TD) on a standard examination table. Each
evaluation was carried out as follows: firstly, with the
patient sitting, the strength of the dorsiflexor muscles
was evaluated manually using the Medical Research
Council (MRC) scale. Secondly, the patient lay supine
on the table and the affected lower limb was placed in a
flexed position with the hip at 45°, the knee at 90° and
the ankle at 60° (assuming Tardieu’s 0° is the foot in line
with the tibia). The soleus spasticity grade was evaluated
using the MAS and MTS. XV1, XV3 and XVA were
measured using a goniometer with the centre of the heel
and the first metatarsophalangeal joint as landmarks.
Evaluation was conducted again with the knee exten-
ded to test the soleus-gastrocnemius complex. Primary
outcome was the paresis angle Z calculated from XV1
and XVA. Secondary outcomes were the spasticity angle
X calculated from XV1 and XV3, MRC score and the
spasticity grade (MAS and MTS).

Data processing

Due to the retrospective nature of the study, some
secondary outcomes data were missing. The number of
measures (N) used were noted beneath the outcome in
the corresponding tables. For the MAS, the 1+ grade
was transformed into 1,5 to preserve the rankings.

Statistical analysis

Normality for quantitative data was evaluated using a
Kolmogorov—Smirnov test. As normality was not accep-
table, all data were analysed using a Friedman test. If it
was significant, 2-by-2 comparisons were made, using a
Bonferroni correction for the multi-analyses. A Kruskal—
Wallis test was used at the different measurement times
to detect an influence of a toe flexor tenotomy or the
type of neurotomy. All tests were 2-tailed and were per-
formed using SPSS 26.0 software (SPSS Inc., Chicago,
IL, USA). Results were displayed as median [p25; p75]
or mean+ SD (range). Only those p-values considered
significant (p<0.05) were displayed.

RESULTS

Between August 1997 and April 2019, 317 patients
underwent a STN. A total of 46 patients met the inclu-
sion criteria and had at least an assessment in the first 6
months after surgery (T1). Among them, 24 had a second
assessment between the seventh and the nineteenth month
after STN (T2). These 2 samples were independently
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analysed. One patient had a bilateral surgery leading
to 2 measurements in both analyses. Details of patient
selection are shown in Fig. 1. Patient characteristics are
summarized in Table 1. In all analyses, there was no
significant difference between DNB and T1 or T2 in all
measurements. All significant differences were between
baseline and the measurement times.

Primary outcome

With the knee in a flexed position, XVA increased
after DNB and more significantly after STN at T1
and T2 (Table II). On the other hand, XV1 was only
slightly increased at T1. As a result, the paresis angle
Z (XV1-XVA) was significantly reduced after STN at
both measurement times, while the difference was not
significant after DNB.

With the knee in an extended position, XVA also
increased significantly after DNB and STN at T1
(Table II), while XV1 slightly increased at T1. Con-
sequently, the paresis angle Z decreased significantly
after DNB and STN at T1. However, changes in XVA
and Z angle were no longer significant at T2. Notably,
at baseline, the Z angle was higher when the knee
was in extension. There was no influence of flexor
digitorum flexor tenotomy or the type of neurotomy.

Secondary outcomes

Regardless of the knee position, a significant increase
in the catch angle XV3 was found after DNB and STN
at'T1 and T2, with a resulting decrease in the spasticity
angle X (XV1-XV3) which became zero in the flexed

G
5 Patients identified from database
g (n=317)
N
)
Exclusion:
e recurrence of central nervous system
2 lesion,
s ¢ no active ankle dorsiflexion after DNB,
E e calf lengthening procedure or tendon
@ transfer associated with STN,
* no surgery follow-up before 6 months,
e botulinum toxin in the calf muscles Recurrence of stroke (n = 4)
less than 4 months before surgery. No active ankle dorsiflexion
- (n=197)
Calf lengthening procedure
(n=30)
No follow-up data (n = 32)
No follow-up before 6 months
Patients included in first analysis (n = 46) (n=8)
Botulinum toxin (n = 0)
°
] Second exclusion: no follow-up after 6
3 months
=
No follow-up > 6 months
(n=22)
Patients included in sub-analysis (n = 24)
S

Fig. 1. Data selection flowchart. DNB: diagnostic nerve block; STN:
selective tibial neurotomy.
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position (Table I1I). Spasticity grades (MAS and MTS)
also decreased to zero at all measurement times.

In the sub-group comparisons, X angle with the knee
in the extended position was significantly lower at T1
after a soleus and gastrocnemius neurotomy (p<0.05)
than after a soleus neurotomy alone. There was no
influence of the flexor digitorum tenotomy.

A slight reduction in plantar flexor muscle strength
was detected after DNB (p<0.05) and early after sur-
gery (NS). At T2, the plantar flexor muscle strength
returned to baseline values. No change was found in

dorsiflexor strength (Table I1I).

DISCUSSION

This is the first study specifically investigating the
effects of DNB and STN on spasticity assessed

Table I. Patients’ characteristics

T1 analysis, N=46 T2 analysis, N=24

Sex, n (%)
Male 26 (57) 14 (58.33)
Female 20 (43) 10 (41.67)
Age, years, mean+SD 46.04+13.76 47.50+16.13
(range) (20-79) (20-79)
Onset to intervention, months, 88.43+126.65 96.38+125.597
mean +SD (range) (5-605) (14-539)
E Intervention to first follow-up, 76.54+31.00 70.17+£21.6
days, mean=SD (range) (13-184) (13-139)
m Intervention to second follow-up, 332.71£76.22
days, mean£SD (range) (204-555)
ﬁ Brain injury, n (%)
Stroke 30 (65) 13 (54.17)
Traumatic 6 (13) 4 (16.67)
Traumatic + stroke 3(7) 3 (12.50)
Hypoxia 1(2)
Other 6 (13) 4 (16.67)
Interventions side, n (%)
Right 22 (48) 13 (54.17)
Left 23 (50) 10 (41.67)
Both sides 1(2) 1(4.17)
Root interventions, n (%)
Soleus 34 (72.34) 15 (60)
Soleus + gastrocnemius 13 (27.66) 10 (40)
Associated TP motor root 34 (72.34) 18 (72.00)
Associated tenotomy 10 (21.28) 4 (16.00)

SD: standard deviation; TP: Tibialis Posterior.
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by means of the spasticity angle and on spastic
co-contractions assessed by means of the paresis angle.

Spasticity

A drastic reduction was observed in MAS and MTS
scores after DNB and STN, consistent with the lite-
rature data demonstrating a permanent suppression
of triceps surae spasticity (13—15, 17-24). This effect
was confirmed by the decrease in XV3, a reliable,
accurate and objective measure of spasticity contri-
bution (25, 26). In addition, the spasticity angle X
has a similar evolution to XV3. This angle provides a
precise evaluation of stretch hyperreflexia irrespective
of muscle contracture (27) and is a simple way to as-
sess impairment caused by spasticity alone. Spasticity
angle X could easily be integrated into the routine
clinical examination.

Active ankle dorsiflexion

The literature provides limited and heterogeneous data
on the effect of STN on active ankle dorsiflexion. Six
studies evaluated the effects of STN on dorsiflexor
muscle strength using the MRC scale (13-15, 20,
22, 28) and demonstrated no improvement (28), a
short-term improvement (14, 20, 22) or a long-term
improvement after STN (13, 15). These discrepancies
can be explained by the fact that baseline MRC scores
were relatively different between the studies, which
included patients without voluntary muscle contrac-
tion. Moreover, the MRC scale does not consider the
range of movement or the influence of the antagonist
muscle overactivity or contracture.

Three studies showed a significant improvement in
active range of motion at short- and long-term after
STN (14, 17, 22). Bollens et al. (28) also described a
significant increase in the maximal ankle dorsiflexion
during the stance and the swing phase at 6 months
following STN, using instrumented gait analysis.

Table II. Active range of motion (XVA), passive maximal range of motion (XV1) and paresis angle Z before and after diagnostic nerve
block (DNB), within 6 months and beyond 6 months after selective tibial neurotomy (STN) in both knee positions

Outcome measures N Baseline DNB T1 <6 months T2 >6 months
Knee flexed (soleus)
XVA (degrees) 47 90 [80-95] 90 [90-100]* 100 [90-100]**
25 90 [80-90] 90 [90-95] 100 [90-100]* 100 [90-100]*
XV1 (degrees) 47 100 [95-100] 100 [95-100] 100 [100-102,5]*
25 100 [95-100] 100 [95-100] 100 [100-105] 100 [95-100]
Paresis Z angle (degrees) 47 10 [2.5-12,5] 5[0-10] 0 [0-10]*
25 10 [5-10] 5[0-10] 0 [0-10]* 0 [0-5]*
Knee extended (soleus-gastrocnemius complex)
XVA (degrees) 47 70 [70-80] 85 [70-90]** 80 [70-90]*
25 70 [70-80] 85 [80-90]* 80 [70-90]* 80 [70-90]
XV1 (degrees) 47 90 [90-95] 90 [90-100] 95 [90-1007*
2 25 92.5 [90-100] 95 [90-100] 95 [90-100] 92.5 [90-100]
Paresis Z angle (degrees) 47 20 [10-27,50] 10 [5-20]* 10 [5-25]
m 25 20 [15-25] 10 [5-20]* 10 [5-20]* 10 [10-30]
ﬂ Results are displayed as median [p25; p75]. p-values not displayed are not significant. *p <0.05 vs baseline. **p <0.001 vs baseline.
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Table III. Evolution of dorsiflexors and plantar flexors strength, angle of catch (XV3), spasticity angle X, Ashworth and Tardieu scores
before and after diagnostic nerve block (DNB), within 6 months and beyond 6 months after selective tibial neurotomy (STN) in both

knee positions

Outcome measures N Baseline DNB T1 < 6 months T2 > 6 months
MRC
Plantar flexion 44 4 [2-4] 3[1-4]* 3[1-4]

22 4 [3-4] 4 [1-4] 3[1-4] 4 [3-4]
Dorsiflexion [Knee flexed] 45 4 [4-4] 4 [4-4] 4 [4-4]

24 4 [4-4] 4 [4-4] 4 [4-4] 4 [4-4]
Knee flexed (soleus)
XV3 (degrees) 40 70 [60-77.5] 100 [90-100]** 100 [100-100]**

22 70 [65-80] 100 [90-100]** 100 [100-105]** 100 [90-100]**
Spasticity X angle (degrees) 40 30 [20-32.5] 0 [0-2.5]** 0 [0-0]**

22 25 [20-30] 0 [0-5]** 0 [0-0]** 0 [0-0]**
Ashworth score 40 2 [2-3] 0 [0-0]** 0 [0-0]**

22 2 [2-3] 0 [0-0]** 0 [0-0]** 0 [0-0]**
Tardieu score 40 3[3-4] 0 [0-0]** 0 [0-0]**

22 3[3-4] 0 [0-0]** 0 [0-0]** 0 [0-0]**
Knee extended (soleus-gastrocnemius complex)
XV3 (degrees) 40 60 [60-70] 90 [80-90]** 80 [70-95]**

22 65 [60-70] 90 [80-90]** 80 [70-95]** 80 [70-90]*
Spasticity X angle (degrees) 40 30 [20-35] 10 [2.5-12.5]** 17.5 [0-20]**

22 27.5 [20-35] 10 [0-10]** 12.5 [0-20]** 15 [0-20]*
Ashworth score 45 3[3-3] 1 [1-2]** 1 [0-2]**

24 3[3-3] 1[0-1.5]** 1.5 [0-2]** 2 [0-2]**
Tardieu score 41 3[3-3] 1[1-2]%* 1 [0-2]**

23 3[2-3] 2 [0-2]** 2 [0-2]** 2 [0-2]**

Results are displayed as median [p25; p75]. p-values not displayed are not significant. *p <0.05 vs baseline. **p <0.001 vs baseline.

As voluntary activation of dorsiflexor muscles is a
prerequisite to demonstrate an improvement in ankle
dorsiflexion consecutive to a reduction in triceps co-
contractions after STN, the current study included only
patients who had an active dorsiflexion movement
of a minimum 10° at baseline. In addition, patients
presenting a triceps surae contracture were excluded
from the study.

After DNB and STN, an increase in active dorsiflex-
ion was observed, which was not correlated with an
improvement in dorsiflexor muscle strength but with
a reduction in the paresis Z angle. Indeed, immediate
changes, the strengthening of dorsiflexors cannot be
explained by rehabilitation as it will take much longer
to be observed. This suggests that triceps surae spastic
co-contractions participate in the limitation of active
dorsiflexion and that STN is able to reduce them.

Physiopathology of spastic co-contractions

Clinically, limitation of active ankle dorsiflexion is
probably much more related to co-contractions than
to an overactive response to phasic stretch of plantar
flexors. Physiopathological mechanisms of spastic
co-contractions seem more complex. On a spinal level,
they could be induced either by a lack of increase in
Ia reciprocal inhibition and pre-synaptic inhibition of
motor neurones of antagonist muscles at the onset of
dorsiflexion (29) or by a decrease in Ib inhibition in the
antagonist during an agonist contraction (30). These
spinal inhibitory mechanisms are under the control of
descending pathways. Another suggested mechanism
is a misdirected command at the supraspinal level

(31). Recently, a direct link was identified between
electroencephalogram (EEG) activity in the B-band
and spastic co-contractions in a stroke population
(32), providing further evidence for the role of the
supraspinal centres. The amount of co-contraction was
also found to increase with the degree of antagonist
stretching and was higher with the knee extended (33).
Similar observations were made in the current study,
the Z angle being larger in this knee position.

STN acts mainly on stretch hyperreflexia through
interruption of the afferent fibres Ia. Section of afferent
fibres Ib and II could also modify inhibitory regulation
at the spinal level. Therefore, it could be assumed that
STN can reduce the spastic stretch-sensitive com-
ponent of co-contractions. On the other hand, STN
implies a partial section of efferent motor fibres a,
leading to a transient triceps surae muscle weakening
that recovers after several months through collateral
reinnervation. This action on the efferent pathway
might also explain the temporary effectiveness of STN
on co-contractions by rebalancing the tone of agonist
and antagonist muscles. Recently, it was suggested
that co-contractions may be related to poor coping
strategies to erroneous somato-sensory information
with a decrease in the signal-to-noise ratio (34). STN,
through attenuation of the sensory signal, could help
to reduce the amount of noise induced by spasticity
and could therefore limit maladaptive co-contractions
around the ankle.

Finally, a more modest effect of STN on the paresis
Z angle was observed when the knee was extended.
This might be explained by the above hypothesis of
stretch-sensitive co-contractions, but also by the study
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design. All patients benefited from a soleus neurotomy,
whereas only a quarter had a gastrocnemius neurotomy.
Indeed, the soleus muscle is mainly responsible for
clonic spasticity (35, 36) and additional section of the
gastrocnemius nerves could weaken foot propulsion
during gait. However, the gastrocnemius muscle seems
more involved in spastic co-contractions than the
soleus (33). Therefore, the effects on active range of
motion and Z angle of an extended STN to gastrocne-
mius nerves could merit further investigation.

Diagnostic nerve block usefulness

As demonstrated in the literature (15, 19, 20), DNB is
a valuable screening tool to predict the effects of STN
on spasticity, evaluated both by the spasticity angle and
by MAS and MTS. However, the predictivity of DNB
regarding the effect of surgery on the paresis angle,
co-contractions and active function is much lower,
especially in the long term.

Study limitations

This study has several limitations, many of which are
related to its retrospective nature. Some data were
missing in the patients’ files and only a small group
of patients were followed up after 6 months. Evolu-
tion of techniques over time has also to be considered,
e.g. gastrocnemius neurotomy was performed more
frequently at the beginning of the study period. The
study nonetheless conforms to clinical reality.

Secondly, the co-contraction index was not calcula-
ted using electromyography. In this study, the effect of
surgery on co-contractions was inferred indirectly from
the paresis angle. Without electromyography, it is also
difficult to rule out a contribution of spastic dystonia
in the reduction of active ankle dorsiflexion. Lack of
instrumented gait analysis is another limitation.

Finally, angles were measured with a goniometer,
which induces a margin of error. Moreover, X angle
reliability varies in the literature: from “good to excel-
lent” inter- and intra-rater after training in children
(26) to “acceptable” for the ankle of brain-injured
adults (25). Some authors do not recommend spasti-
city angle (X angle), as it sums measurement errors,
but rather suggest using XV3 variations in clinical
practice (25). Reliability of the paresis Z angle was
never documented.

CONCLUSION

STN enables an immediate improvement in active ankle
dorsiflexion and the angle of paresis, independent of the
knee position. This effect is probably achieved by redu-
cing co-contractions around this joint. The effect remains
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in the long term for the soleus muscle, but tends to decline
over time for the soleus-gastrocnemius complex.

As expected, reflex spasticity is also permanently
reduced after STN, whatever the assessment method
used (MAS, MTS or the spasticity angle). In parallel,
DNB is a valuable tool to predict the effect of STN on
spasticity, but its usefulness in estimating postoperative
active ankle dorsiflexion is less clear.

Prospective studies including electromyography and
instrumented gait analyses are needed to confirm the
action of STN on spastic co-contractions.
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