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LAY ABSTRACT
Spasticity is prevalent in many neurological conditions 
in adults. Accurate assessment of spasticity is important 
in order to inform clinical decision-making and treat-
ment options. Testing speed is a key component of the 
spasticity assessment process, but the reliability of how 
quickly the modified Tardieu Scale is performed has 
not been reported. This study found that the reliabi-
lity of testing speed varied between lower-limb muscle 
groups, and variability was twice as great for inter-rater 
reliability as it was for intra-rater reliability. These fin-
dings have implications for the accurate identification 
of lower-limb spasticity, and its contribution to mobility 
limitations.

Objective: To establish the variability of fast testing 
velocity and joint range of motion and position when 
assessing lower-limb spasticity in individuals follo-
wing neurological injury.
Design: Observational study of people with lower-
limb spasticity.
Subjects: Patients with an upper motor neurone le-
sion (n = 35) and clinicians experienced in spasticity 
assessment (n = 34) were included.
Methods: The Modified Tardieu scale (MTS) was com-
pleted on the quadriceps, hamstrings (2 positions), 
gastrocnemius and soleus for each participant’s 
more affected lower limb by 3 assessors. Mean ab-
solute differences (MADs) were used to calculate va-
riability as a measure of reliability.
Results: Variability of peak testing velocity was 
greater at the ankle joint compared with the knee 
joint. The greatest MAD for V3 (fast) inter-rater tes-
ting velocity was 119°/s in the soleus, representing 
29.4% of the mean variable value, and least for the 
quadriceps (64.3°/s; 18.5%). Inter-rater variability 
was higher than intra-rater variability for all testing 
parameters. The MAD for joint end angle ranged 
from 2.6° to 10.7° and joint start angle from 1.2° 
to 14.4°.
Conclusion: There was a large degree of inter- and 
intra-rater variability in V3 testing velocity when 
using the MTS to assess lower limb spasticity. The 
inter-rater variability was approximately double the 
intra-rater variability.
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system diseases; reproducibility of results; muscle spasticity; 
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Neurological injuries, such as stroke, traumatic 
brain injury and multiple sclerosis, are highly 

prevalent and place a large burden on the healthcare 
system (1, 2). Due to the high prevalence of spasticity 
(3–6), the financial strain it places on the healthcare 
sector (7, 8), and the impact it has on patient outcomes 
and quality of life (5, 9), the accurate assessment and 

management of spasticity has become a major focus 
of neurological rehabilitation. Clinical measures of 
spasticity, such as the Modified Ashworth Scale (MAS) 
and the Modified Tardieu Scale (MTS) are quick and 
easy to perform with minimal equipment and are used 
to guide clinical decision-making for interventions 
such as botulinum neurotoxin A (BoNT-A) injections 
(10–12). The international consensus statements for the 
management of disorders of tone recommend the use of 
the MTS over the MAS as the MTS can more accura-
tely differentiate spasticity from hypertonia (13, 14). 

When using the MTS, it has been recommended 
that the following 3 factors are required to rate the 
intensity of a spastic response: (i) the strength and 
duration of the stretch reflex (i.e. X value); (ii) the 
angle at which the stretch reflex is activated (i.e. R1); 
and (iii) the velocity necessary to trigger the stretch 
reflex (15, 16). Studies investigating the reliability 
of the Tardieu Scale or MTS have primarily reported 
the inter-rater and intra-rater reliability of the R1, R2 
and spasticity angles, with some studies reporting the 
reliability of the X value (17–22). In comparison, the 
testing velocity has received little attention and the 
psychometric properties of the testing velocity during 
the MTS remain unknown. 

It is reasonable to suggest that the velocity of assess-
ment may impact the stretch reflex (18); however, the 
application of the test in relation to velocity appears to 
be inconsistent and is likely to vary, depending on the 
instructions provided to the assessors, the assessor’s 

http://crossmark.crossref.org/dialog/?doi=10.2340/16501977-2496&domain=pdf
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55Reliability of spasticity assessment

strength, the weight or size of the patient limb being 
tested and the properties of the individual muscle. Ve-
locity is a key component of the definition of spasticity, 
and the recommended instruction is to move the limb “as 
fast as possible” during the V3 (fast) component of the 
assessment. There is no defined or recommended testing 
speed when testing the major lower-limb muscles, and 
the most appropriate testing speed during a V3 move-
ment is unknown. The variability surrounding testing 
speed is also currently unknown, so it seems reasonable 
to suggest that further research needs to be conducted 
to investigate the variability of testing velocity using 
the MTS. The primary aim of this study was therefore 
to establish the inter- and intra-rater variability of the 
V3 peak testing velocity when assessing for lower limb 
spasticity using the MTS in adults who have an acquired 
brain injury. The secondary aim was to establish the 
inter- and intra-rater variability of the joint start ang-
les, end angles and total range of motion (ROM) at V1 
(slow) and V3, as well as the V1 peak testing velocity 
when assessing for lower limb spasticity using the MTS.

METHODS
This study was approved by the Epworth HealthCare Human 
Research Ethics Committee (HREC 681-15) and the University 
of Sunshine Coast HREC (S/17/1011). All participants provided 
written informed consent prior to assessment.

Participants

Two groups were recruited to participate in this study: (i) adults 
with an acquired brain injury or neurological condition; and (ii) 
clinicians experienced in the assessment of lower limb spasticity. 

Group 1: Patients with a neurological condition. A convenience 
sample of 35 individuals with a neurological condition was re-
cruited to participate in this study. This exceeds the sample size 
used in previously published studies examining the reliability 
of other components of the MTS (17, 19–22). Each participant 
attended a single assessment session, lasting approximately 
1.5 h. The inclusion criteria were: (i) diagnosed with a neuro-
logical condition, (ii) identified by their treating therapist or 
rehabilitation consultant as having 2 confirming features of the 
upper-motor neurological syndrome (radiological or clinical), 
(iii) attending physiotherapy for mobility deficits related to their 
neurological condition, (iv) able to have the MTS completed 
on their affected lower limb, and (v) adults (> 18 years of age) 
who were able to provide informed consent. The exclusion 
criteria were concurrent diagnosis of a congenital neurological 
or peripheral nervous system condition.

Group 2: Clinicians experienced in spasticity assessment. 
Physiotherapists, rehabilitation consultants and rehabilitation 
registrars were recruited as assessors from a range of healthcare 
networks. The assessors were eligible for inclusion if they had 
at least 3 years’ experience in neurological clinical practice and 
regularly assessed and treated spasticity within their clinical 
practice. Each assessor attended an assessment session lasting 
4–6 h. Assessors were asked to complete the assessment protocol 
on 2, 3 or 4 participants pending their availability. This figure 

was chosen in consultation with a biostatistician and enabled a 
large, representative group of assessors to be recruited. It was 
planned that assessors were available to complete a minimum 
of 3 patient assessments. However, the option of 2 was included 
to enable the recruitment of several highly-specialised clinicians 
who were unable to commit to 6 h of testing.

Data collection

The MTS involves stretching the relevant muscle through its 
entire ROM at a slow velocity (V1) and then a fast velocity 
(V3) (18, 23). The end angle during the V1 movement, or full 
passive ROM, is referred to as R2 and the angle of muscle reac-
tion during the V3 movement is referred to as R1. The spasticity 
angle refers to the difference between R2 and R1, with a larger 
spasticity angle indicating a larger degree of velocity dependent 
spasticity (23). A 5-point scale (see Appendix I) is used to rate 
the type of muscle reaction (X value) which occurs during the 
V3 movement, ranging from no resistance through to infatigua-
ble clonus. The MTS was completed on the more affected lower 
limb of each participant for the gastrocnemius (supine, leg ex-
tended), soleus (supine, hip and knee flexed to 90°), hamstrings 
at 40° hip flexion (supine, full knee flexion), hamstrings at 90° 
hip flexion (supine, full knee flexion) and quadriceps (prone, leg 
extended) using standardized testing positions (20, 23). Three 
V1 and 3 V3 trials were performed for each muscle group by 
3 different assessors on each participant, totalling 90 trials per 
participant (i.e. 3 slow movements and 3 fast movements per 
assessor for each of the 5 muscle groups tested).

Participants were asked to remain relaxed throughout the 
assessment and the following instructions were provided to 
the assessors: 
•	 R2: the assessor was asked to move the joint slowly through 

its full available ROM. 
•	 R1: the assessor was asked to move the joint through its 

full available ROM as quickly as possible. Assessors were 
instructed to stop at the “point of muscle reaction” during V3. 
Therefore, R1 reflected the angle of muscle reaction during 
the V3 movement. No further guidance regarding velocity of 
assessment was provided. 
The assessors were blinded to each other’s assessment to 

avoid adjustment of testing velocity or joint position based on 
observing other assessor’s movements. The order of the 3 as-
sessors was randomized for each of the muscle groups tested 
for each participant to minimise any bias caused by repeated 
stretching applied by the same therapist. 

For each trial, the relevant movement was recorded using 
a 13-camera 3-dimensional motion analysis (3DMA) system, 
Optitrack. This system uses small, light-reflective markers 
which are monitored at a speed of 120 Hz to accurately record 
joint movement. For each muscle group the markers were 
placed on specific anatomical landmarks of the lower limb 
which have been outlined in Table I. Motive Body software, 

Table I. Anatomical landmarks for marker placement

Label Landmark Trials to be used for

GT Greater trochanter Quadriceps
ADD Proximal adductor Hamstrings
MKNE Medial epicondyle of knee Gastrocnemius, soleus, hamstrings
LKNE Lateral epicondyle of knee Quadriceps
MMAL Medial malleolus Gastrocnemius, soleus, hamstrings
LMAL Lateral malleolus Quadriceps
MCALC Medial calcaneus Gastrocnemius, soleus
MTH1 Metatarsal head 1 Gastrocnemius, soleus

J Rehabil Med 51, 2019
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version 1.8.0 (NaturalPoint, Inc., Corvallis, OR, USA) was 
used to capture the data and label the markers. Data was then 
exported into a customised programme designed for this pro-
ject using LabVIEW 2014 (National Instruments, Austin, TX 
USA) software. This software enabled the start- and end-point 
of the trial to be selected and was able to quantify joint angles 
and the velocity of movement using trigonometry. The testing 
velocity was quantified using joint angular velocity in degrees 
per second. Once saved, the peak angular velocity, joint start 
angle, joint end angle and total ROM for each joint movement 
was exported into a database to be used for analysis. 

Statistical analysis

To assess absolute inter-rater variability, the mean absolute 
differences (MADs) between any 2 measurements of joint start 
angle, joint end angle, total ROM and peak testing velocity 
which were obtained by the different assessors were calculated. 
To assess absolute intra-rater variability, the MADs between any 
2 measurements of joint start angle, joint end angle, total ROM 
and peak testing velocity which were obtained by the same as-
sessor were calculated (24). Hence, all estimates of the MADs 
were expressed in the same units as the measurement-of-interest. 
To compute 95% confidence interval (95% CI) for all MADs, a 
percentile bootstrapping technique over 500 iterations was used 
(25). All inter- and intra-rater variability analyses were done 
in R, version 3.4.4 (R Foundation, Vienna, Austria), using the 
functions written by Zhouwen Liu (available at http://biostat.
mc.vanderbilt.edu/wiki/Main/AnalysisOfObserverVariability). 

In addition, the MAD expressed as a percentage difference of 
the mean variable value was calculated for each muscle group 
for the primary testing parameter, peak testing velocity. This 
enabled further reporting of the variability in testing speeds 
between muscle groups. The MAD expressed as a percentage 
difference of the mean variable value was not calculated for joint 
angles, as each muscle group had a distinctly different start- and 
end-point, which did not enable comparison. For example, if 
the gastrocnemius has a mean end angle of 10° dorsiflexion and 
a MAD of 5°, the MAD would correspond 50% of the mean 
variable value. Whereas, if the quadriceps also had a MAD of 
5°, but a mean end angle of 130° knee flexion, the MAD would 
correspond to only 3.8% of the mean variable value. As such, 
the percentages for joint angles would not be representative of 
true variability when comparing the muscle groups. 

RESULTS

Demographics
Group 1: Patients with a neurological condition. Table 
II outlines the demographics of the 35 patients with a 
neurological condition who were recruited to partici-
pate in this study. 
Group 2: Experienced assessors. Thirty-four ex-
perienced assessors were recruited, including re-
habilitation physiotherapists (n = 26), rehabilitation 
consultants (n = 5), acute physiotherapists (n = 2) and 
a rehabilitation registrar (n = 1). The assessors had a 
mean of 14.3 (range 4–40) years of experience. Thirty 
assessors reported the Tardieu Scale or MTS as their 
most frequently used clinical scale of spasticity. The 

remaining 4 assessors reported using the MAS as their 
most frequently used clinical scale of spasticity. 

Inter-rater and intra-rater variability
Table III outlines the mean value across all 35 par-
ticipants, the MADs with 95% CIs and the MAD 
as a percentage of the mean variable value for each 
muscle group, testing speed (V1 and V3) and testing 
parameter (start angle, end angle, total ROM and peak 
testing velocity) as a measure of both intra-rater and 
inter-rater variability. 

Variability of testing velocity. For all measurements the 
inter-rater MAD was greater than the intra-rater MAD. 
These results (Table III) highlight the large variability 
in V3 testing velocity across a cohort of experienced 
assessors, especially at the ankle joint. However, as 
clinical decision-making is primarily based on the 
results of the V3 trials, the V1 results do not have the 
same degree of clinical importance as the V3 findings. 

Variability of joint end angle. Joint end angle during 
V3 represented the R1 value, or the angle of muscle 
reaction when the affected limb was moved “as fast 
as possible”. As this is an important component of a 
clinical spasticity assessment it was considered the 
focus of the secondary aim. Similar to peak testing 
velocity, the inter-rater variability was higher than 
the intra-rater variability across all 5 muscle groups 
for joint end angle. 

Variability of joint start angle. When analysing joint 
start angle, results were similar for both the V1 and 
V3 trials. Unlike testing velocity and joint end angle, 
there was only a small difference between inter- and 
intra-rater variability for gastrocnemius, soleus and 
quadriceps trials. However, the hamstrings trials at 
both 40° and 90° hip flexion demonstrated a similar 
pattern to testing velocity and end angle, with the inter-

Table II. Participant demographics

Patients (n = 35)

Diagnosis, n
Stroke 15
Traumatic brain injury 13
Central nervous system tumour 4
Multiple sclerosis 2
Cerebro-vasculitis 1

Age, years mean (range) 51.2 (19–85)
Sex, n
Male 22
Female 13

Height, cm, mean (SD) 169.8 (9.3)
Weight, kg, mean (SD) 79.4 (13.76)
Lower limb assessed, n
Left 18
Right 17

Months since diagnosis, mean (range) 69.9 (1–380)

www.medicaljournals.se/jrm
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57Reliability of spasticity assessment

rater variability almost double that of the intra-rater 
variability across the V1 and V3 trials. 

Variability of total joint ROM. The quadriceps had 
the greatest inter- and intra-rater variability when 
analysing total joint ROM. The MAD for intra-rater 
variability of joint ROM during the V3 quadriceps 
assessment was 5.7° and the MAD for inter-rater varia-
bility was 9.2°. The other muscle groups demonstrated 
greater inter- and intra-rater variability, with no clear 
pattern regarding which muscles were assessed with 
greater consistency. 

DISCUSSION

To our knowledge this is the first study to examine the 
variability of testing velocity when assessing for lower 
limb spasticity in individuals following a neurological 
injury. When examining the primary aim of variability 

of peak testing velocity during the V3 (fast) movement, 
the inter-rater variability was almost double that of the 
intra-rater variability across all of the muscle groups. 
In a clinical setting it is preferable that one clinician 
completes all spasticity measures on a particular patient 
within and between sessions; however, this is often not 
feasible (20). The findings from this study may have 
important implications for previously published stu-
dies examining the reliability of the MTS, which have 
reported variable results in regards to the reliability of 
X scores, R1 values and spasticity angles.

The magnitude of the variability in peak testing 
velocity appeared to be associated with the muscle 
group tested. Greater variability occurred during 
the V3 movements at the ankle joint (gastrocnemius 
and soleus) compared with the hamstrings, and the 
lowest variability in testing velocity occurring in the 
quadriceps muscle. This is potentially problematic as 
the gastrocnemius and soleus muscles tend to have 

Table III. Mean absolute differences (MAD) (95% CI) and percentage difference from mean for intra-observer and inter-observer variability

Muscle group Testing variable Mean value 
Intra-observer variability 
MAD (95% CI)

Percentage difference 
from mean (%)

Inter-observer variability 
MAD (95% CI)

Percentage difference 
from mean (%)

V1 gastrocnemius Start angle (°) 29.5 PF 3.6 (2.9–4.2) – 3.9 (3.1–4.9) –
End angle (°) 1.6 DF 3.1 (2.5–3.8) – 4.7 (4.0–5.4) –
Total ROM (°) 31.1 4.3 (3.5–5.1) – 5.6 (4.8–6.3) –
Peak velocity (°/sec) 37.7 14.9 (12.5–17.8) 39.5 17.9 (15.2–21.5) 47.5

V3 gastrocnemius Start angle (°) 29.3 PF 2.8 (2.1–3.6) – 3.8 (3.2–4.5) –
End angle (°) 6.9 DF 2.8 (2.2–3.5) – 4.4 (3.7–5.2) –
Total ROM (°) 22.4 3.4 (2.9–4.0) – 4.9 (4.1–5.7) –
Peak velocity (°/sec) 347.4 63.7 (55.6–72.7) 18.3 105.4 (92.1–119.0) 30.3

V1 soleus Start angle (°) 32.4 PF 3.5 (2.8–4.3) – 3.8 (3.0–4.6) –
End angle (°) 3.8 DF 2.6 (2.2–3.0) – 4.2 (3.5–4.9) –
Total ROM (°) 36.2 4.2 (3.4–5.1) – 5.9 (5.1–6.7) –
Peak velocity (°/sec) 44.3 14.5 (11.7–17.7) 32.7 20.1 (16.1–24.5) 45.4

V3 soleus Start angle (°) 32.2 PF 3.0 (2.5–3.5) – 4.3 (3.6–5.0) –
End angle (°) 5.3 DF 2.6 (2.2–3.1) – 4.4 (3.8–5.1) –
Total ROM (°) 26.8 3.6 (3.2–4.1) – 5.8 (5.0–6.5) –
Peak velocity (°/sec) 404.4 74.1 (64.6–84.4) 18.3 119.0 (104.0–134.1) 29.4

V1 hamstrings at 
40° hip flexion

Start angle (°) 55.3 KF 9.1 (7.9–10.3) – 12.8 (11.2–14.9) –
End angle (°) –4.2 KE 3.4 (2.7–4.3) – 4.5 (3.7–5.2) –
Total ROM (°) 59.5 9.1 (8.3–10.0) – 12.4 (10.9–14.0) –
Peak velocity (°/sec) 56.2 16.2 (12.8–21.1) 28.8 24.8 (19.0–30.5) 44.1

V3 hamstrings at 
40° hip flexion

Start angle (°) 53.7 KF 6.0 (5.2–6.8) – 12.7 (10.8–15.1) –
End angle (°) 0.0 KE 4.7 (3.8–5.9) – 7.4 (5.8–9.0) –
Total ROM (°) 53.7 6.2 (5.4–7.0) – 12.0 (10.5–13.6) –
Peak velocity (°/s) 319.7 51.6 (45.2–57.8) 16.1 90.3 (77.7–105.1) 28.2

V1 hamstrings at 
90° hip flexion

Start angle (°) 92.1 KF 7.8 (6.8–8.8) – 14.4 (12.4–16.6) –
End angle (°) –20.4 KE 5.5 (4.8–6.2) – 9.0 (8.0–10.0) –
Total ROM (°) 71.8 8.8 (7.6–10.3) – 16.2 (13.8–18.8) –
Peak velocity (°/s) 59.1 16.2 (13.6–19.0) 27.4 25.1 (20.3–30.1) 42.5

V3 hamstrings at 
90° hip flexion

Start angle (°) 97.1 KF 6.5 (5.5–7.5) – 11.6 (10.0–13.3) –
End angle (°) –28.2 KE 7.7 (6.9–8.7) – 10.7 (9.4–12.1) –
Total ROM (°) 68.9 8.4 (7.6–9.2) – 13.5 (11.9–15.3) –
Peak velocity (°/sec) 350.9 47.0 (40.7–53.2) 13.4 81.2 (72.9–90.4) 23.1

V1 quadriceps Start angle (°) 10.0 KF 1.3 (1.0–1.6) – 1.5 (1.2–1.9) –
End angle (°) 127.7 KF 3.6 (2.9–4.3) – 5.5 (4.7–6.4) –
Total ROM (°) 117.7 3.9 (3.2–4.6) – 6.0 (5.2–6.9) –
Peak velocity (°/sec) 72.1 14.8 (12.5–17.2) 20.5 20.7 (17.3–24.2) 28.6

V3 quadriceps Start angle (°) 9.9 KF 1.2 (0.9–1.4) – 1.6 (1.3–2.0) –
End angle (°) 121.9 KF 5.4 (4.4–6.4) – 9.1 (7.3–11.0) –
Total ROM (°) 112.1 5.7 (4.7–6.7) – 9.2 (7.5–11.0) –
Peak velocity (°/sec) 348.4 37.8 (32.8–43.3) 10.8 64.3 (54.1–73.8) 18.5

MAD: mean absolute difference; CI: confidence interval; V1: movement completed at a slow velocity; V3: movement completed as fast as possible; PF: 
plantarflexion; DF: dorsiflexion; KF: knee flexion; KE: knee extension.

J Rehabil Med 51, 2019
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the highest prevalence of lower limb spasticity and 
are the most targeted muscle for BoNT-A injection 
(26). Accurate spasticity assessment is an integral 
part of pre- and post-BoNT-A injection protocol (14), 
therefore it is imperative that the assessment process 
is reliable. An accurate system that is able to provide 
real-time feedback is required to improve the variabi-
lity of clinical assessment, particularly testing velocity. 
Future research should focus on the validation of user-
friendly technologies that are able to provide feedback 
on testing velocity in order to improve reliability. This 
may provide clarity surrounding the previously identi-
fied issues regarding spasticity assessment and assist 
in achieving optimal patient outcomes. 

The mean peak testing velocity during the V3 move-
ment for the 5 muscle groups tested ranged from 320 
to 404°/s. These velocities are far greater than the joint 
angular velocity of the lower limb during functional 
activities, such as walking. For example, a walking 
speed of ≥ 0.80m/s is required to achieve unlimited 
community ambulation (27). A recent study highligh-
ted that the mean speed of ankle dorsiflexion during 
mid-swing in a cohort of healthy controls walking at a 
speed of 0.80–0.99 m/s is approximately 150°/s (28). 
This value is less than half of the mean testing velo-
cities for gastrocnemius (347°/s) and soleus (404°/s), 
which were produced in this study. Assessors in this 
study were requested to complete the V3 assessment 
“as fast as possible” to align with the current MTS 
testing procedure. This finding highlights the need 
for further research to be conducted in the field where 
testing velocity is accurately and reliably applied and 
matched to functional activities, such as lower limb 
angular velocity during walking. 

One future research direction evolving from the 
completion of this study involves investigating 
whether variability of a lower limb spasticity assess-
ment is improved when the assessment is completed 
at a consistent or nominated speed rather than “as 
fast as possible”. Further training of the treating team 
may improve the consistency with which the MTS is 
applied (29). Controlling for testing velocity would 
assist in identifying whether different velocities re-
sult in changes to R1, spasticity angle and X values 
and which of these has the greatest relationship to 
functional activities, such as walking. For example, 
investigating whether a gastrocnemius spasticity as-
sessment consistently completed at 200°/s produces a 
more reliable result in terms of X value, R1 and spas-
ticity angle compared with an assessment completed 
“as fast as possible”. The nominated speed should 
be proportional to the joint angular velocity during a 
specific functional activity, such as walking, in order 
to maximize the functional relevance of the bedside 

clinical assessment. It is particularly important to 
ensure that the assessment speed relates to the goal 
of spasticity intervention; for example, improved 
walking speed, in order to ascertain a greater under-
standing between the relationship between spasticity 
and functional performance to optimize treatment 
decision-making and patient outcomes. However, as 
the MTS is administered as a passive test, it remains 
unclear how the findings of the MTS may relate to 
muscles that are partially active during walking, and 
how they may interact with other features of the upper 
motor neurone lesion. 

Study limitations
A large cohort of assessors and patients were recruited 
to take part in this study, so unlike traditional reliability 
studies, not all patients were tested by each assessor. 
This study design was chosen due to practicality, given 
the time commitment required by each patient and as-
sessor. The negative associated with this method is that 
it does not allow for traditional analysis techniques, 
such as correlations, to be performed. However, this 
study has enabled the evaluation of a large number 
of both patients and assessors and may well be more 
representative of spasticity assessment in the “real 
world”. This design removes the potential bias of 
studies with only a single or a few assessors. Given 
the level of experience in spasticity assessment, the 
large cohort of assessors may, in fact, be considered a 
strength of this study. In the design of this study, the V3 
assessments occurred after the V1 assessments for each 
muscle group. It is possible that the stretch imposed on 
the muscle during the V1 assessment may have influ-
enced the V3 results. However, given that the stretch 
was brief and was not sustained for sufficient time to 
induce a therapeutic effect, we feel that the impact of 
VI testing prior to V3 testing was minor. 

There were notably fewer rehabilitation registrars or 
consultants (17.6%) participating in this study compa-
red with physiotherapists (82.4%). There was, howe-
ver, no reason to expect inter-disciplinary differences 
in variability. There may be differences in variability 
based on level of experience, so only experienced as-
sessors who regularly complete spasticity assessment 
were included. As such, the results may not necessarily 
be applicable to assessors who are less experienced 
or to those who primarily complete assessment of the 
upper limb, such as occupational therapists. 

Finally, as the MTS was the chosen outcome mea-
sure for this study, the results are specific to Lance’s 
velocity dependent definition of spasticity (30, 31), 
and are not applicable to other positive features of 
the UMNS, such as hypertonia, co-contraction and 
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estimated cost of managing focal spasticity: a physician 
practice patterns survey. Neurorehabil Neural Repair 
2001; 15: 57–68.

9.	Zorowitz RD, Gillard PJ, Brainin M. Poststroke spasticity: 
sequelae and burden on stroke survivors and caregivers. 
Neurology 2013; 80: S45–S52.

10.	Burridge JH, Wood DE, Hermens HJ, Voerman GE, Johnson 
GR, Van Wijck F, et al. Theoretical and methodological 
considerations in the measurement of spasticity. Disabil 
Rehabil 2005; 27: 69–80.

11.	Platz T, Eickhof C, Nuyens G, Vuadens P. Clinical scales 
for the assessment of spasticity, associated phenomena, 
and function: a systematic review of the literature. Disabil 
Rehabil 2005; 27: 7–18.

12.	Aloraini SM, Gaverth J, Yeung E, MacKay-Lyons M. Assess-
ment of spasticity after stroke using clinical measures: a 
systematic review. Disabil Rehabil 2015; 37: 2313–2323.

13.	Sheean G, Lannin NA, Turner-Stokes L, Rawicki B, Snow 
BJ. Botulinum toxin assessment, intervention and after-
care for upper limb hypertonicity in adults: international 
consensus statement. Eur J Neurol 2010; 17: S74–S93.

14.	Olver J, Esquenazi A, Fung VS, Singer BJ, Ward AB. Bo-
tulinum toxin assessment, intervention and aftercare for 
lower limb disorders of movement and muscle tone in 
adults: international consensus statement. Eur J Neurol 
2010; 17: S57–S73.

15.	Held JP, Pierrot-Deseilligny E. Rééducation motrice des 
affections neurologiques. Paris: J. B. Balliere et fils; 1969.

16.	Akpinar P, Atici A, Ozkan FU, Aktas I, Kulcu DG, Sari A, et 
al. Reliability of the Modified Ashworth Scale and Modified 
Tardieu Scale in patients with spinal cord injuries. Spinal 
Cord 2017; 55: 944–949.

17.	Mehrholz J, Wagner K, Meissner D, Grundmann K, Zange 
C, Koch R, et al. Reliability of the Modified Tardieu Scale 
and the Modified Ashworth Scale in adult patients with 
severe brain injury: a comparison study. Clin Rehabil 
2005; 19: 751–759.

18.	Haugh AB, Pandyan AD, Johnson GR. A systematic review 
of the Tardieu Scale for the measurement of spasticity. 
Disabil Rehabil 2006; 28: 899–907.

19.	Fosang AL, Galea MP, McCoy AT, Reddihough DS, Story I. 
Measures of muscle and joint performance in the lower 
limb of children with cerebral palsy. Dev Med Child Neurol 
2003; 45: 664–670.

20.	Ben-Shabat E, Palit M, Fini NA, Brooks CT, Winter A, Hol-
land AE. Intra- and interrater reliability of the Modified 
Tardieu Scale for the assessment of lower limb spasticity 
in adults with neurologic injuries. Arch Phys Med Rehabil 
2013; 94: 2494–2501.

21.	Naghdi S, Ansari NN, Ghorbani-Rad S, Senobari M, Sahraian 
MA. Intra-rater reliability of the Modified Tardieu Scale in 
patients with multiple sclerosis. Neurol Sci 2017; 38: 93–99.

22.	Waninge A, Rook RA, Dijkhuizen A, Gielen E, van der 
Schans CP. Feasibility, test-retest reliability, and interrater 
reliability of the Modified Ashworth Scale and Modified 
Tardieu Scale in persons with profound intellectual and 
multiple disabilities. Res Dev Disabil 2011; 32: 613–620.

23.	Boyd RN, Graham HK. Objective measurement of clini-
cal findings in the use of botulinum toxin type A for the 
management of children with cerebral palsy. Eur J Neurol 
1999; 6: 23–35.

24.	Harrell FE, Slaughter JC. Biostatistics for biomedical re-
search. Chapt 16 – Analysis of observer variability and 
measurement agreementNashville, TN: Vanderbilt Uni-
versity; 2016 [cited 2018 Sept 14]. Available from: http: 
//hbiostat.org/doc/bbr.pdf. 

25.	Efron B, Tibshirani R. An introduction to the bootstrap. 
New York: Chapman & Hall; 1993.

26.	Nalysnyk L, Papapetropoulos S, Rotella P, Simeone JC, 
Alter KE, Esquenazi A. OnabotulinumtoxinA muscle injec-
tion patterns in adult spasticity: a systematic literature 
review. BMC Neurol 2013; 13: 1–11.

dystonia. A more recently published definition of 
spasticity encompasses all positive features of the 
UMNS, including spasticity, hypertonia, tendon re-
flexes, dystonia, clonus and spasms under a single 
umbrella term (11). While this definition may provide 
a more holistic overview of the UMNS, there are as-
sociated challenges in developing an assessment tool 
that addresses each component of the UMNS. Due to 
the high prevalence of velocity-dependent spasticity 
and the profound impact it has on functional outcomes 
following neurological injury (3–6, 9), it is important 
that the clinical tools used to assess spasticity are both 
valid and reliable (11, 13, 14). 

Conclusion
There was a large degree of inter- and intra-rater varia-
bility in testing velocity when using the MTS to assess 
for lower limb spasticity. The inter-rater variability was 
approximately double the intra-rater variability across 
all 5 muscle groups and the largest variability existed 
at the ankle joint (gastrocnemius and soleus). Joint 
start angle, end angle and total ROM demonstrated 
less variability than testing velocity. 
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Appendix I. Modified Tardieu scale

Method:
Muscle is moved from a shortened to lengthened position at 2 different speeds (V1 and V3) using standardized testing positions
Therapist measures the angle of muscle reaction (R2 and R1)
Therapist rates the quality of muscle reaction (X)

Velocity of stretch 
V1 = As slow as possible (minimizing stretch reflex)
V3 = As fast as possible (faster than the rate of the natural drop of the limb segment under gravity)

Angle of muscle reaction:
R2 = Full passive range of motion measured during V1
R1 = Angle of muscle reaction measured during V3

Quality of muscle reaction (X)

To be scored for all V3 trials – therapist to rate the resistance to passive range of motion on the following scale:
0 = No resistance throughout the movement
1 = Slight resistance throughout movement with no clear catch at a precise angle
2 = Clear catch at a precise angle, interrupting the passive movement, followed by a release
3 = Fatiguable clonus (< 10 s when maintaining pressure) occurring at a precise angle
4 = Infatiguable clonus (> 10 s when maintaining pressure) at a precise angle
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