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ABSTRACT      
BACKGROUND: Spastic equinus (plantar flexed) foot is a common postural pattern in patients who suffer from post-stroke spasticity. To date, 
some clinicians use the Silfverskiöld Test in their practice to differentiate between gastrocnemius and soleus muscle overactivity in patients with 
spastic equinus (plantar flexed) foot. This use of the Silfverskiöld Test goes beyond its original aim, which was to distinguish isolated gastroc-
nemius contracture in patients with equinus deformity.
AIM: The aim of this study was to investigate the Silfverskiöld Test validity for evaluating spastic equinus (plantar flexed) foot (i.e., differentia-
tion between gastrocnemius and soleus muscle overactivity) by checking its outcome against those of selective diagnostic nerve block of tibial 
motor nerve branches to the soleus, gastrocnemius and tibialis posterior muscles.
DESIGN: The design of the study was retrospective observational.
SETTING: The study was set in a university hospital.
POPULATION: Sixty-seven adult stroke patients with spastic equinus (plantar flexed) foot.
METHODS: Each patient underwent selective diagnostic nerve block of tibial motor nerve branches to the soleus, gastrocnemius and tibialis 
posterior muscles. All patients were evaluated before diagnostic nerve block by means of the Silfverskiöld Test which was considered positive 
when ankle joint passive dorsiflexion was greater with the knee flexed than extended. Furthermore, they were assessed before and after nerve 
block by means of the modified Ashworth Scale and the Tardieu Scale.
RESULTS: Our sample included 41 males and 26 females (mean age 57.6 years) suffering from spastic equinus (plantar flexed) foot due to 
chronic stroke (mean time from onset 2.4 years). Forty-eight patients out of 67 presented with positive Silfverskiöld Test. The χ2 test showed 
no association between the Silfverskiöld Test and spastic overactivity of the gastrocnemius (P=0.253), soleus (P=0.605) and tibialis posterior 
(P=0.462) muscles as evaluated by serial selective diagnostic block of the tibial nerve motor branches.
CONCLUSIONS: Our findings do not support the Silfverskiöld Test as a valid tool for evaluating spastic equinus (plantar flexed) foot to dif-
ferentiate between gastrocnemius, soleus and tibialis posterior spastic muscle overactivity in adult patients with stroke.
CLINICAL REHABILITATION IMPACT: The choice for an appropriate management of spastic equinus (plantar flexed) foot in adults with 
stroke should not be mainly defined on the base of Silfverskiöld Test.
(Cite this article as: Picelli A, Di Censo R, Angeli C, Spina S, Santamato A, Baricich A, et al. Is the Silfverskiöld Test a valid tool for evaluating calf 
muscles spastic overactivity in patients with stroke? A retrospective observational study. Eur J Phys Rehabil Med 2024;60:761-6. DOI: 10.23736/
S1973-9087.24.08153-X)
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knee flexion is supposed to indicate soleus muscle overac-
tivity. On the other hand, a marked decrease of the ankle 
dorsiflexion angle while you straighten the leg is assumed 
to imply gastrocnemius muscle overactivity.8 To the best of 
our knowledge, the Silfverskiöld Test has not been yet vali-
dated for the evaluation of calf muscles spastic overactivity 
(i.e. to distinguish between gastrocnemius muscle spastic 
overactivity vs. soleus muscle spastic overactivity). This 
is relevant from a clinical point of view, because a misin-
terpretation of the Silfverskiöld Test may lead to incorrect 
therapeutical decisions as to the management of PSS, such 
as an inaccurate selection of muscles to inject with botuli-
num toxin type A (BoNT-A).9 So, in order to improve PSS 
management by avoiding the misuse of clinical tests we 
conducted this study, which aims to investigate the validity 
of Silfverskiöld for evaluating calf muscles spastic overac-
tivity by checking its outcome against those of selective di-
agnostic nerve block (DNB) of tibial motor nerve branches 
to the calf muscles in stroke patients suffering from spastic 
equinus (plantar flexed) foot.

Materials and methods

This single center retrospective (chart review), observa-
tional study analyzed data from 67 stroke patients with 
PSS suffering from spastic equinus (plantar flexed) foot, 
who were evaluated with serial selective DNB of the tibial 
nerve motor branches to the soleus, gastrocnemius and tib-
ialis posterior muscles at our Clinical Unit, from January 
2020 to December 2022. Inclusion criteria were as follows: 
age greater than 18 years; spastic equinus (plantar flexed) 
foot consequent to first-ever unilateral ischemic or hemor-
rhagic stroke (documented by a computerized tomography 
scan or magnetic resonance imaging; subarachnoid hemor-
rhage excluded); calf muscles spasticity graded at least 1 on 
the Modified Ashworth Scale (MAS);10 at least 3 months 
since stroke onset. Exclusion criteria were as follows: 
participation in other trials; previous treatment of spastic 
equinovarus foot with neurolytic or surgical procedures; 
other neurological or orthopedic conditions involving the 
affected lower limb. All participants were outpatients. All 
patients provided written informed consent, which includ-
ed consent for data extraction from chart review as needed. 
The study was carried out according to the Declaration of 
Helsinki and approved by the local ethics committee.

Clinical evaluation procedures

As a part of our clinical routine, all patients were evalu-
ated by means of the Silfverskiöld Test before serial selec-

Stroke is a leading cause of disability worldwide.1 Spas-
ticity is a main sequela of stroke, which manifests “as 

velocity- and muscle length-dependent increase in resis-
tance to externally imposed muscle stretch”. From a patho-
physiological point of view “it results from hyperexcitable 
descending excitatory brainstem pathways and from the re-
sultant exaggerated stretch reflex responses”. From a clini-
cal point of view “other related motor impairments, includ-
ing abnormal synergies, inappropriate muscle activation, 
and anomalous muscle coactivation, coexist with spasticity 
and share similar pathophysiological origins.”2 The preva-
lence of post-stroke spasticity (PSS) is 4-27% within the 
first 6 weeks, 19% at 3 months, 21.7-42.6% between 4 and 
6 months, and 17-38% at 12 months from onset.3 Spastic 
equinus (plantar flexed) foot is a common postural pattern 
in patients who suffer from PSS.4 It may be due to several 
conditions, including calf muscles spastic overactivity, calf 
muscle-tendon shortening (i.e. equinus contracture defor-
mity), ankle dorsiflexor muscles weakness or imbalance.5 
In line with his clinical experience, Nils Silfverskiöld de-
scribed two types of equinus contracture deformity. The 
first one consisted of equinus that is essentially inflexible 
with the knee fully extended, but capable of being cor-
rected passively when the knee is flexed. As to this clinical 
presentation, the gastrocnemius muscle was supposed to 
be the primary deforming factor. The second type of de-
formity defined by Nils Silfverskiöld consisted of persis-
tent equinus, whether the knee is extended or flexed. This 
condition was assumed to involve the calf and ankle as a 
whole by including calf muscles contracture, ankle joint 
posterior capsule retraction or bony deformities, such as 
anterior bony block or talus deformation.6, 7 Accordingly, 
in 1924, Nils Silfverskiöld proposed a clinical test based 
on knee flexion in order to distinguish between isolated 
gastrocnemius contracture vs. combined shortening of 
the gastro-soleus complex, ankle joint capsule retraction 
and bony deformity.7 So, if the equinus is mainly due to 
an isolated gastrocnemius contracture, it can be overcome 
by flexing the knee and consequently, relaxing the gastroc-
nemius (positive test).6, 7 If this is not the case (negative 
test), the entire “calf and ankle mechanism” is involved.7 
Unfortunately, over-time the use of Silfverskiöld Test has 
gone beyond its original aim.7 So, to date some clinicians 
use this test in their real-life practice not to distinguish the 
clinical presentations of equinus contracture deformity but 
to differentiate between gastrocnemius and soleus mus-
cle overactivity in patients with spastic equinus (plantar 
flexed) foot instead.8 According to this way of thinking, if 
no change occurs to the ankle joint position in response to 
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100% consensus for injection into the soleus and gas-
trocnemius muscles as well as 50% consensus for injec-
tion into the tibialis posterior muscle.9 Patients laid in the 
prone position during the whole procedure. A 22-gauge, 
80 mm, ultrasound faceted tip echogenic needle for nerve 
block (SonoPlex STIM, Pajunk, Geisingen, Germany) was 
guided to the motor branches of tibial nerve by means of 
ultrasound (MyLab 70 XVision, Esaote, Genoa, Italy) and 
electrical nerve stimulation (Plexygon,Vygon, Padua, Ita-
ly). Anatomic landmarks were used for linear transducer 
(scanning frequency of 15 MHz) and needle tip position-
ing.15 Once the tibial nerve motor branches were identified 
by ultrasound, following elicitation of appropriate muscu-
lar response to a 1 Hz, 100 μs, 0.5 mA electrical stimu-
lus, 1-2 mL of lidocaine 2% was injected (aspiration was 
done before injection to ensure the absence of vessels at 
the needle tip).

Statistical analysis

Statistical analysis was carried out by means of the Statisti-
cal Package for Social Science for Macintosh, version 26.0 
(SPSS Inc, Armonk, NY, USA). Descriptive statistics were 
used for demographic and clinical features of our sample. 
From a statistical analysis perspective, the Silfverskiöld 
Test was considered as positive or negative according to 
the description above. Also, the outcome of DNB was con-
sidered in a dichotomic way as relief (i.e., reduction of at 
least one point of the MAS Score and/or reduction of at 
least one point of the TS grade and/or reduction of at least 
18 degrees of the TS angle) or scant (i.e., reduction of the 
TS angle less than 18 degrees) / no relief (i.e., no change of 
the MAS Score, TS grade and TS angle) of spastic muscle 
overactivity.16, 17 The paired sample t-test was performed 
to compare the outcome of DNB evaluation with baseline 
condition. To assess the association between these two cat-
egorical variables we used the χ2 test. The alpha level for 
significance was set at P<0.05.

Results

Demographic and clinical features of patients are reported 
in Table I. At the end of DNB evaluation, significant im-
provements were observed as to the MAS (P=0.001), the 
TS grade (P<0.001) and the TS angle (P<0.001). See Ta-
ble I for further details about the baseline and post-DNB 
conditions. As to the χ2 test, no association was found be-
tween the Silfverskiöld Test and the spastic overactivity 
of gastrocnemius (P=0.253), soleus (P=0.605) and tibialis 

tive DNB assessment. It was performed with the patient in 
supine position using the “two-hand technique” (one hand 
neutralizes and locks the subtalar joint, while the other 
stabilized the talonavicular joint and forefoot to isolate 
the ankle joint motion).11 The maximal degree of ankle 
passive dorsiflexion was measured at slow speed with the 
knee extended and flexed at 90° using a handheld goni-
ometer. The test was considered positive when ankle joint 
dorsiflexion was greater with the knee flexed than extend-
ed.8 Considering the minimal detectable change defined 
for this methodology at 7.7°12 and the current literature 
about its clinical use,11 the sensitivity of the measure-
ment was set at 10°. The dorsiflexion angle was defined 
as positive and the plantar flexion angle as negative, tak-
ing 0° as the neutral position of the joint.13 Furthermore, 
all patients, were evaluated before and after DNB assess-
ment considering the MAS10 and the Tardieu Scale (TS).14 
Patients remained in the supine position with their knees 
extended during these evaluations. The MAS was used 
to evaluate spastic calf muscles tone. Is a 6-point scale 
grading the resistance of a relaxed limb to rapid passive 
stretch (0 = no increase in muscle tone; 1 = slight increase 
in muscle tone at the end of the range of motion; 1+ = 
slight increase in muscle tone through less than half of 
the range of motion; 2 = more marked increase in muscle 
tone through most of the range of motion; 3 = consider-
able increase in muscle tone; 4 = joint is rigid).10 The TS 
was used to evaluate spastic calf muscle tone according to 
the spasticity grade, which measures the gain in muscle 
reaction to fast stretch in dorsiflexion from (0 – no resis-
tance throughout passive movement; 1 – slight resistance 
throughout passive movement; 2 – clear catch at a precise 
angle, interruption of the passive movement, followed 
by release; 3 – unsustained clonus occurring at a precise 
angle; 4 – sustained clonus occurring at a precise angle), 
and the spasticity angle, which measures the difference 
(R2-R1) between the ankle dorsiflexion passive range of 
motion (R2) and ankle dorsiflexion angle at which the re-
action to fastest stretch (i.e., angle of catch) occurs (R1).14

Diagnostic nerve block procedures

All patients included in this retrospective observational 
study underwent a serial selective DNB evaluation, which 
started by blocking the tibial nerve motor branch for the 
soleus muscle, followed by selective DNB of the tibial 
nerve branches to the gastrocnemius (medialis and late-
ralis) and tibialis posterior muscles. This is based on the 
current expert opinion about the management of spastic 
equinus (plantar flexed) foot with BoNT-A, which reached 
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flexed; and 2) equinus foot that persists whether the knee 
is extended or flexed.6 He suggested to treat the first clini-
cal presentation (i.e., equinus foot passively correctable 
when the knee is flexed) by transferring the gastrocne-
mius heads (muscle origin) from the femoral condyles to 
the tibia (below the knee joint level) (the so-called “Sil-
fverskiöld’s operation”). On the other hand, the second 
clinical presentation (i.e., persistent equinus foot) should 
receive Achilles tendon lengthening.7 Consistently, Nils 
Silfverskiöld developed a clinical test that aims to evalu-
ate equinus contracture deformity and differentiate its 
clinical presentations (i.e., to distinguish between isolated 
gastrocnemius contracture vs. combined shortening of the 
gastro-soleus complex, ankle joint capsule retraction and 
bony deformity) on a surgical approach perspective.6, 7 
The triceps surae is a structure made of the soleus (i.e., 
one-joint muscle crossing the ankle joint) and the (medial 
and lateral) gastrocnemius muscles (i.e., two-joint muscle 
crossing both the knee and ankle joints).18 As a whole, its 
contraction induces foot plantar flexion and stabilization 
of the ankle joint. In particular, the soleus muscle mainly 
assists ankle plantar flexion (i.e., pushing down the foot) 
when the knee is bent. Instead, considering it is bi-artic-
ular, the gastrocnemius muscle plantar flexes the ankle 
and assists in flexing leg at the knee joint. So, in order to 
critically discuss its use in PSS patients without equinus 
contracture deformity (i.e., to distinguish between gas-
trocnemius and soleus spastic muscle overactivity), from 
a functional anatomy perspective the Silfverskiöld Test 
may not reflect an altered interaction between the triceps 
muscles affected by spastic overactivity considering that 
a simultaneous activation of both soleus and gastrocne-
mius muscles were found in patients with spastic equi-
nus (plantar flexed) foot evaluated by means of electro-
myography.19 Furthermore, from an architectural point 
of view, the triceps surae muscle complex assessed using 
ultrasonography was found altered in hemiplegic patients 
with spastic equinus (plantar flexed) foot.20-22 In particu-
lar, during the extended knee condition of Silfverskiöld 
Test, the fascicle length was found longer in the lateral 
gastrocnemius, unmodified in the medial gastrocnemius 
and shorter in the soleus muscles when compared to the 
healthy (not affected) leg. Moreover, the pennation angle 
was found smaller in the (medial and lateral) gastrocne-
mius and unmodified in the soleus.20 On the other hand, 
during the flexed knee condition of the Silfverskiöld Test, 
the fascicle length was found increased and the pennation 
angle decreased in the soleus muscle. Opposite findings 
were observed in the (medial and lateral) gastrocnemius 

posterior (P=0.462) muscles as evaluated by serial DNB 
of the tibial nerve motor branches. Changes in the con-
dition of patients after selective DNB are also shown in 
Figure 1.

Discussion

This observational study was based on a chart review 
and aimed to retrospectively investigate the Silfverskiöld 
Test validity for differentiating gastrocnemius from so-
leus spastic muscle overactivity. The results showed no 
association between the outcomes of Silfverskiöld Test 
and those of tibial motor nerve branches selective DNB 
to the gastrocnemius, soleus and tibialis posterior muscles 
in stroke patients suffering from spastic equinus (plan-
tar flexed) foot. Nils Silfverskiöld defined two clinical 
presentations of the equinus contracture deformity: 1) 
equinus foot that is essentially inflexible with the knee 
fully extended but passively correctable when the knee is 

Table I.—��Demographic and clinical features of patients.
Variables Values
Age (years), mean (SD) 57.6 (12.3)
Gender (N.), male/female 41/26
Time since stroke onset (years), mean (SD) 2.6 (1.4)
Silfverskiöld Test (N.), positive/negative 48/19
Calf muscles spastic overactivity at baseline

MAS (0-5), median (IQR) 2.0 (2.0; 3.0)
TS grade (0-4), median (IQR) 2.0 (2.0; 4.0)
TS angle (°), mean (SD) 13.4 (8.1)

Calf muscles spastic overactivity after DNB evaluation
MAS (0-5), median (IQR) 1.0 (1.0; 3.0)
TS grade (0-4), median (IQR) 1.0 (1.0; 2.0)
TS angle (°), mean (SD) 2.8 (3.1)

SD: standard deviation; N.: number; PROM: passive range of motion; MAS: 
Modified Ashworth Scale; TS: Tardieu Scale; IQR: interquartile range; DNB: 
diagnostic nerve block.

Figure 1.—Changes in the condition of patients after selective DNB.
DNB: diagnostic nerve block.
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Conclusions

Our findings do not support the Silfverskiöld Test as a val-
id tool for evaluating spastic equinus (plantar flexed) foot 
in order to differentiate between gastrocnemius, soleus 
and tibialis posterior spastic muscle overactivity in adult 
patients with stroke. On this line, a use of the Silfverskiöld 
Test that goes beyond its original aims (i.e., to distinguish 
between isolated gastrocnemius contracture vs. combined 
shortening of the gastro-soleus complex, ankle joint cap-
sule retraction and bony deformity) should be discouraged 
to avoid the misinterpretation of clinical condition in PSS 
patients. So, the choice of an appropriate management of 
spastic equinus (plantar flexed) foot in adults with stroke 
should not be defined mainly on the base of the Silfver-
skiöld Test. Future larger prospective studies on this issue 
are needed, considering (and overcoming) the limitations 
reported above.
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