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eliability of the Tardieu Scale for Assessing Spasticity in
hildren With Cerebral Palsy
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ABSTRACT. Gracies J-M, Burke K, Clegg NJ, Browne R,
ushing C, Fehlings D, Matthews D, Tilton A, Delgado MR.
eliability of the Tardieu Scale for assessing spasticity in
hildren with cerebral palsy. Arch Phys Med Rehabil 2010;91:
21-8.

Objective: To measure the Tardieu Scale’s reliability in
hildren with cerebral palsy (CP) when used by raters with and
ithout experience in using the scale, before and after training.
Design: Single-center, intrarater and interrater reliability

tudy.
Setting: Institutional ambulatory care.
Participants: Referred children with CP in the pretraining

hase (n�5), during training (n�3), and in the posttraining
hase (n�15).
Interventions: The Tardieu Scale involves performing pas-

ive muscle stretch at 2 velocities, slow and fast. The rater
erives 2 parameters; the Spasticity Angle X is the difference
etween the angles of arrest at slow speed and of catch-and-
elease or clonus at fast speed; the Spasticity Grade Y is an
rdinal variable that grades the intensity (gain) of the muscle
eaction to fast stretch. In phase 1, experienced raters without
ormalized training in the scale graded elbow, knee, and ankle
lantar flexors bilaterally, without and with a goniometer. In
hase 2, after training, the experienced and nonexperienced
aters graded the same muscles unilaterally.

Main Outcome Measures: Intrarater and interrater reliabil-
ty of the Tardieu Scale.

Results: After training, nonexperienced raters had mean �
D intrarater and interrater agreement rates across all joints and
arameters of 80%�14% and 74%�16%, respectively. For
xperienced raters, intrarater and interrater agreement rates
efore training were 77%�13% and 66%�15%, respectively,
ersus 90%�8% and 81%�13%, respectively, after training
P�.001 for both). Specific angle measurements at the knee
ere less reliable for the angles of catch measured at fast
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peed. Across all joints, agreement rates were similar using
isual or goniometric measurements.
Conclusions: Both parameters of the Tardieu Scale have

xcellent intrarater and interrater reliability when assessed at
he elbow and ankle joints of children with CP, with no
ifference noted between visual and goniometric measure-
ents. Angle measurements were less reliable at the knee

oints. Training was associated with a highly significant im-
rovement in reliability.
Key Words: Cerebral palsy; Muscle spasticity; Rehabilitation.
© 2010 by the American Congress of Rehabilitation
edicine

ARDIEU’S CLINICAL AND physiologic observations in
the 1950s1 and the confirmatory studies by Burke et al2

mphasized the exaggeration of the velocity-dependent muscle
eactions to stretch as a common denominator in patients with
aresis caused by damage to the central motor pathways. In
979, Lance3(p485) proposed a definition of spasticity as a
motor disorder characterized by a velocity dependent increase
n tonic stretch reflexes (muscle tone), with exaggerated tendon
erks, resulting from hyperexcitability of the stretch reflex, as
ne component of the upper motor neuron syndrome.” In
imple terms, spasticity was defined as an increase in velocity-
ependent responses to phasic stretch.4

Tools such as the Ashworth Scale5 and the Modified Ash-
orth Scale6 have been used in clinical trials under the as-

umption that they measure spasticity. However, it is now
stablished that these instruments evaluate a combination of
oft tissue contracture and spastic dystonia, in addition to
pasticity itself.7-10 Based on his detailed observations of mus-
le response to stretch in CP, Tardieu11,12 created a clinical
ethod to specifically measure spasticity, which was based on

omparing the threshold angles of muscle reaction to stretches
t several predefined velocities. Working from the initial modifi-
ations by Held and Pierrot-Deseilligny,13 we have simplified and
ransformed Tardieu’s clinical method into a scale easily usable by
he clinician. We have termed this scale the Tardieu Scale.14-16

he scale rates spasticity as the difference between the reactions to
tretch at Tardieu’s 2 extreme velocities, the slowest and the
astest possible speed of stretch for the examiner.11-16 The slow
elocity of the first stretch remains below the threshold for any
ignificant stretch reflex and provides an assessment of the
assive range of motion. In contrast, the stretch at fastest
elocity maximizes the involvement of the stretch reflex. If any
pasticity is present, the clinician during this fast stretch en-
ounters a sensation of catch-and-release, or of clonus, fatiga-
le or not, depending on the amount of spasticity.17

The current and future therapies administered to patients
ith spasticity require reliable instruments to evaluate out-

List of Abbreviations
CP cerebral palsy

Arch Phys Med Rehabil Vol 91, March 2010
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A

ome. In contrast to spastic co-contraction and spastic dystonia,
hich can be qualitatively assessed but not quantified at the
edside, spasticity might be the only type of muscle overac-
ivity amenable to clinical quantification, if a specific spasticity
ating scale is shown to be reliable.4 We report here on a
-phase reliability study of the Tardieu Scale in children with
P. The first protocol assessed the intrarater and interrater

eliability of the Tardieu Scale using raters with prior experi-
nce but no formal training in the use of the scale. The second
rotocol assessed reliability after a 1-day training course for
onexperienced raters and raters with experience in using the
cale. Additionally, we compared the reliability of measure-
ents of spasticity angles without and with a goniometer.

METHODS

articipants
We organized our study in 2 phases (fig 1). Both addressed

he reliability of the Tardieu Scale, examining the influence of
1) experience with the scale and (2) a training session on the
se of the scale. Each phase of this work constituted an inde-
endent protocol that was approved by the Institutional Review
oard of the University of Texas Southwestern Medical Center
nd the Research Advisory Panel of Texas Scottish Rite Hos-
ital for Children. Convenience samples of 5 children with CP
or the first phase of the study and 15 children for the second
hase were recruited from the neurology clinic at Texas Scot-
ish Rite Hospital for Children. Three additional children were
ecruited for the 1-day training session conducted before the
econd phase. Parents signed the institutional review board-
Fig 1. Flow diagram of t

rch Phys Med Rehabil Vol 91, March 2010
pproved informed consent, and children 10 years and older
igned an assent form.

The participants in the first phase of the study were 3 boys
nd 2 girls with CP, with a mean age of 10 years (range,
–17y). Two had diparesis, 2 had quadriparesis, and 1 had
emiparesis. The participants in the second phase were 7 boys
nd 8 girls with a mean age of 8 years (range, 4–15y). Five had
iparesis, 2 had triparesis, 5 had paraparesis, and 3 had hemi-
aresis. For both phases of the study, each of the enrolled
hildren met the following inclusion criteria: English speaking
to communicate instructions and enhance patient cooperation)
nd of any ethnic background, aged 3 to 18 years, with spas-
icity in at least 1 hemibody due to CP. Exclusion criteria were
s follows: (1) behavioral or cognitive impairment likely to
nterfere with the ability to cooperate with the study; (2) severe
ain in the limb to be assessed due to cutaneous or joint
athology, making spasticity measurements impossible; (3)
ignificant choreoathetosis affecting the limb to be tested, pre-
enting true muscle rest; (4) cast on the affected hemibody; (5)
urrent treatment by intrathecal baclofen pump; (6) orthopedic
urgery on the limb to be assessed less than 6 months before
nrollment; (7) prior selective dorsal rhizotomy; (8) initiation
r dose change of oral antispasticity drug treatment within 30
ays of the study; and (9) botulinum toxin (type A or B)
njections less than 90 days before enrollment.

aters and Procedures
The 6 examiners included 1 physical therapist, 1 develop-
ental pediatrician, 1 pediatric physiatrist, 1 adult neurologist,

nd 2 pediatric neurologists. Three of the examiners had prior
he 2-phase study.
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xperience in using the Tardieu Scale; they were the only ones
articipating in the first phase of the study. The other 3 exam-
ners had no experience in using the scale, and in fact did not
now how to use it before entering the training session and the
econd phase of the study. All 6 examiners participated in the
econd phase, in which all received the same formal 1-day
raining before performing the spasticity ratings, which also
onstituted a teaching of the scale for the 3 inexperienced
aters. Each phase of the study involved a 2-day trial, in which
ach patient was assessed twice by each rater 24 hours apart.
he order of patient assessments was randomized, and raters
ere not to discuss findings until study completion.
In the first phase of the study, spasticity was measured

ilaterally in the elbow flexors, knee flexors, and ankle plantar
exors (ie, 6 joints per patient). In the second phase, spasticity
as measured in the same muscles unilaterally (on the side
etermined as being the more affected)—that is, 3 joints per
atient. The angles of arrest at slow speed and of catch-and-
elease or clonus at fast speed were assessed first using visual
stimates and then using a goniometer. Each examiner per-
ormed all spasticity ratings alone (ie, without help from an-
ther person), including the goniometric measurements. All
ssessments were to be completed within 15 minutes for each
atient. In each examination room a monitor supervised the
ssessments, ensured patient and caregiver comfort, and veri-
ed proper completion of the case report forms. To allow
etrospective qualitative comparisons between examination
echniques, assessments were videotaped.

rocedures Involved in the Tardieu Scale
The Tardieu Scale measures spasticity using 2 parameters: the

pasticity angle X and the spasticity grade Y. The spasticity angle
is the difference between the angles of arrest at slow speed and

f catch-and-release or clonus at fast speed, whereas the spasticity
rade Y is an ordinal variable that grades the intensity and thus
easures the gain of the muscle reaction to fast stretch.
Appendices 1 and 2 provide an outline of the Tardieu Scale,

n which we elaborate here.

ig 2. Angles used in the Tar-
ieu Scale. Zero is the theo-
etical position of minimal
tretch of the muscle to be as-
essed. For the elbow flexors
A), for the ankle plantar flex-

rs (B), and for the knee flex-
rs (C).
Stretch velocity (appendix 1). The extremity to be mea-
ured should be comfortably resting before execution of the
uscle stretch. The Tardieu Scale involves 2 stretch maneu-

ers, one at a slow speed (velocity V1) and one at the fastest
peed possible for the examiner (velocity V3).

V1 is “as slow as possible” for the examiner. V1 measures the
ange of passive motion. During a slow stretching movement, the
xaminer determines the angle of movement arrest, either due to
atient discomfort or a mechanical resistance that could not be
vercome without jeopardizing the integrity of the joint.

V3 is “as fast as possible” for the examiner. In some cases,
he Tardieu Scale may also use V2, which is the velocity of the
imb segment naturally falling under gravity (see appendix 1).
2 is only practical for knee extensors, wrist extensors, and

lbow flexors in severely paretic patients and was not evaluated
n the current study.

Grading of the stretch reflex (appendix 2). The grading
enerates 2 variables, X and Y.
X is the spasticity angle, which measures the position thresh-

ld for the stretch reflex. All angles are measured relative to the
uscle tested (not according to anatomic principles), such that

° is defined as the position of minimal stretch of the muscle
eg, when assessing plantar flexors, the angle 0° corresponds to
n imaginary fully plantar-flexed position of the ankle) (fig 2).
fter determining the angle of arrest at slow speed of stretch

ie, XV1 or range of passive motion), the examiner determines
he threshold angle of catch-and-release or clonus at fast speed
XV3). The difference (XV1 – XV3) is the spasticity angle (X),
hich reflects only the velocity-dependent stretch reflex. The

arger the spasticity angle, the more spastic the muscle. By
efinition, in cases where there is no palpable catch or clonus
t fast speed (spasticity grade Y�0 or 1, see below), no angle
f catch is specified, and the spasticity angle is then given the
alue 0 (ie, XV1�XV3) for statistical analysis.

Y is the spasticity grade, which is an ordinal variable grading
he intensity and thus measuring the gain of the muscle reaction
o fast stretch (V3). The phenomenon described in each grade
orresponds only to muscle contraction induced by stretch
Arch Phys Med Rehabil Vol 91, March 2010
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A

eflex; it cannot represent contracture or inadvertent voluntary
ontraction, in contrast to other scales that have been assumed
o measure spasticity.5,6

Grade 0: A “catch” not followed by release that consistently
ccurs at the end of the range of passive motion. It represents
bsent spasticity.

Grade 1: Mild resistance slowing down the passive move-
ent without complete interruption. It is likely due to a motor

euron pool discharge that is not sufficiently synchronized to
enerate an opposing force matching that of the examiner.
Grade 2: Transient interruption of the passive movement

catch and release). This likely reflects a stronger motor neuron
ischarge, sufficiently synchronized to generate an opposing
orce temporarily matching that of the examiner (catch). The
ischarge then decreases, allowing passive movement to re-
ume (release). This release is likely due to (1) the preceding
ovement interruption that has brought the stretch velocity

lose to 0, thus removing the main stimulus of the response;
nd (2) inhibitory reflexes involving group III and IV fibers.18

n cases where the catch is not followed by obvious release but
ccurs repeatedly at a consistent angle less than the passive
ange of motion, it is still accepted as angle of catch-and-
elease, and the grade Y is considered 2.

Grades 3 and 4: Severe spasticity. When the release occurs
t a speed that is itself faster than the velocity threshold of the
tretch reflex, it triggers a new stretch reflex and thus a clinical
ensation of recatch. After the recatch comes a rerelease, which
n succession is termed clonus.

Nonratable describes a catch not followed by obvious re-
ease that occurs at inconsistent angles upon repeat testing.
his may correspond to inadvertent voluntary contractions or

o nonspastic dystonia. The spasticity is deemed nonratable (no
alue for grade Y).

osition of Other Limb Segments During Assessments
To assess elbow flexors, the upper arm was maintained parallel

o the supine body (shoulder flexion angle 0o). To assess ankle
lantar flexors, the knee was maintained flexed at 45o (a technique
hat mostly assesses soleus spasticity). To assess knee flexors,
he hip was maintained flexed at 90o (with contralateral hip and
nee resting on a bolster in a flexed position).

tatistical Analysis
We assessed the reliability of the 2 parameters of the Tardieu

cale by calculating the frequency of agreement between as-
essments (table 1). Agreement was measured using the abso-
ute value of actual differences between measurements. For the
arameters XV1, XV3, and their difference X, agreement was
efined as an absolute difference equal to or less than 10°, close
o about 10% of the normally available range of motion, a
ifference that was deemed of no clinical significance. Agree-
ent between 2 values for the parameter Y was defined as a

ifference of zero. We also calculated the actual mean, mini-
um, and maximum ratings and mean intra- and interrater

ifferences of joint angle measurements for raters with and
ithout experience after standardized training (table 2).
For each phase of the study, the absolute differences be-

ween the day 1 and day 2 readings by the same rater were used
o compute intrarater reliability. Intrarater reliability of the
cale was computed as the mean rate of agreement between the
readings of all raters. Interrater reliability was computed as

he mean rate of agreement between readings made on the same
atient by all pairs of raters, averaged over all of the subjects.
he level of agreement was defined as good if between 70%

nd 85%, and excellent if above 85%. f

rch Phys Med Rehabil Vol 91, March 2010
Significance tests involving comparisons of the mean rate of
greement for a given parameter at a given joint between the 2
ifferent groups of raters (experience vs no experience) were
erformed using a Fisher exact test. To compare the results for
he same raters across studies, the McNemar test was used. We
veraged intrarater and interrater agreement rates over all joints
nd parameters, in experienced raters without and with formal
raining, and in inexperienced raters with formal training, using
he method of the sample mean and the sample variance.
omparisons of mean agreements averaged across all joints
nd parameters are shown at the bottom of table 1 and were
erformed using paired (training vs no training) and 2-sample
experience vs no experience) t tests using the SAS/STAT
ersion 9.1 program package.a

RESULTS

xperienced Raters Without Formal Training (First
hase of the Study)
Averaged over all joints and parameters, the combined mean �

D intrarater agreement rate for experienced raters without formal
raining was 77%�13%, while the interrater agreement rate was
6%�15% (see table 1). Specifically, for the angle measurements
XV1, XV3, X), the intrarater agreement rate was good to excellent
xcept at the knee for XV3 and X. The interrater agreement rate
as good to excellent for all angle measurements at the elbow, but
ot at the ankle and the knee. The agreement rate was equivalent
hether estimating angles visually or using a goniometer. The

pasticity grade Y had good to excellent intrarater and interrater
greement rates regardless of the joint.

fter Formal Training (Second Phase)
After training, nonexperienced raters had mean � SD intrarater

nd interrater agreement rates across all joints and parameters of
0%�14% and 74%�16%, respectively, whereas experienced
aters had intrarater and interrater agreement rates of 90%�8%
nd 81%�13%, respectively (P�.001) (see table 1). Therefore,
fter formal training, across all joints and parameters, intrarater
nd interrater agreement rates were good to excellent, ranging
rom 74% to 90%. The measure of the passive range of motion
XV1) had good to excellent intrarater and interrater agreement
ates for whichever joint was considered. The intrarater and inter-
ater measures of the angle of catch-and-release at fast speed
XV3) and of the spasticity angle (X) were good to excellent at the
lbow and ankle. Again, agreement rates were lower for XV3 and

in the knee flexor assessments, for the angles of catch
easured at fast speed, as well as in the ankle plantar flexors

or the nonexperienced raters. As seen in table 1, intrarater and
nterrater agreement rates were similar using visual or gonio-
etric angle estimations. Table 2 confirms the lower reliability

f the fast speed measurements XV3 and X in the knee flexors.
All agreement rates between visual and goniometric esti-
ates for XV1 or XV3 were over 90% (data not shown). The

pasticity grade Y again had good to excellent intrarater and
nterrater agreement rates for whichever joint was considered.

DISCUSSION
This 2-phase, pretraining and posttraining, intrarater and inter-

ater agreement study of the Tardieu Scale shows good to excel-
ent intrarater and interrater reliability (yielding �70% agreement
etween measures) across all joints and all parameters in 2 key
uscle groups in children with CP: the elbow flexors and the

nkle plantar flexors. Reliability was lower for the angle measure-
ents in the knee flexors. The study also shows that 1 day of
ormal training greatly enhances reliability, more so than prior
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425TARDIEU SCALE FOR ASSESSING SPASTICITY, Gracies
ersonal experience in using the scale. The improvement in reli-
bility was particularly evident in the assessments of the angle of
atch at fast speed XV3 (see table 1), with the exception of XV3
n the knee flexors. Thus, a training session makes the Tardieu
cale a more reliable instrument for the measurement of spas-

icity at the elbow and ankle in children with CP. We found no
ifference in reliability between visual and goniometric assess-
ents, indicating that the Tardieu Scale can reliably be admin-

stered without the use of a goniometer.

linical Relevance of a Tool to Measure Spasticity
Most studies of clinical spasticity measurement and treatment

f spastic paresis have consistently used the Ashworth Scale, an
nstrument measuring tone or stiffness, that became a de facto
riterion standard before conceptual or methodological validation

Table 1: Tardieu Scale Intra- and Interrater Agreement Rates fo
Inexperienced Raters W

Intrarater

No Training T

Experience Experience

Ankle
Visual

Xv1 87 97
Xv3 80 91
X 73 85

Goniometric
Xv1 80 92
Xv3 73 97†

X 74 88
Y 87 79

Elbow
Visual

Xv1 97 97
Xv3 80 97†

X 80 97†

Goniometric
Xv1 94 100
Xv3 72 100‡

X 72 97‡

Y 83 87
Knee

Visual
Xv1 72 82
Xv3 49 77†

X 52 74†

Goniometric
Xv1 76 85
Xv3 62 85*
X 73 82
Y 97 95

Mean 76.8 89.7
SD 12.5 8.0
Training vs no training# P�.001
Experience vs no experience#

OTE. Agreement was defined as an absolute difference equal to o
greement frequency (%) is indicated for each parameter for ankle
(XV1�XV3), as in text. All ratings were performed first using visu

urther details.
P � 0.05, †P � 0.01, ‡P � 0.001 (comparisons no training to trainin
P � 0.05, �P � 0.01; ¶P � 0.001 (comparisons no experience to exp
Degrees of significance P of comparisons training vs no training (p
nd parameters combined.
ccurred. This article provides the first full description of the a
ardieu Scale, which we have developed and named from
ardieu’s clinical method,11,12 working after Held and Pierrot-
eseilligny’s initial modifications.13-16 A simple clinical tool

or specific spasticity measurement may have practical and theo-
etical importance, as the therapies administered to patients with
pastic paresis require reliable instruments to evaluate outcome. A
ositive correlation appears to exist between the degree of spas-
icity and other forms of stretch-sensitive overactivity, such as
pastic co-contraction, as well as with functional impairment.19,20

hus, a clinical marker of stretch sensitivity like spasticity may be
seful to predict the severity of co-contraction during movement
n spastic paresis.4 In practice, the Tardieu Scale makes spasticity
he only type of muscle overactivity easily quantifiable at the
edside, in contrast to spastic co-contraction and spastic dystonia.4

his tool has been successfully used to quantify clinical effects of

erienced Raters With and Without Standardized Training and
tandardized Training

Interrater

g No Training Training

o Experience Experience Experience No Experience

87 63 96‡ 82�

85 65 78 63
88 64 79 63§

89 54 87‡ 89
92 62 87* 81
81 48 79† 69
65 80 86 73§

100 95 91 100§

87 76 86 82
85 79 90 79

100 90 86 99�

85§ 68 82 78
85 68 95‡ 78�

72 67 95‡ 90

76 50 71 76
52§ 43 65* 44§

52 57 54 44

95 52 78* 84
61§ 54 68 52
58§ 55 54 47
79 97 95 75¶

79.7 66.0 81.0 73.7
14.5 15.3 12.6 16.4

P�0.001
P�0.009 P�0.11

than 10 degrees.
ar flexor, elbow flexor, and knee flexor assessments; XV1, XV3, and
timates and then goniometric measurements. See Appendices for

cNemar test).
ce, Fisher exact test).
t test), and experience vs no experience (2-sample t tests) all joints
r Exp
ith S

rainin

N

r less
plant
al es

g, M
erien
ntispastic treatments.14,16
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A

tatistical Method of Measuring Reliability
The goal of this study was to answer 2 questions: “How

ften does a rater obtain the same results when looking at 1
atient on 2 occasions?” (intraobserver agreement rate) and
How often do 2 raters get the same result when observing the
ame patient?” (interobserver agreement rate).

As the kappa coefficient and the intraclass correlation coef-
cients are dependent upon the homogeneity of the subjects
sed in a study,21-23 they are both meaningful as comparative
tatistics (ie, to compare the reliabilities of different tools used
y the same group of raters on a similar group of subjects).24

his was not the purpose of this study. To be clinically relevant
e have opted to report the percentage of exact matches and/or

he percentage of matches within x units. We have also dis-
layed the actual mean intrarater and interrater differences of
oint angle measurements for all raters.

revious Literature on the Reliability of the Tardieu Scale
A number of studies have mentioned or used the Tardieu

cale for rating spasticity since the description of the scale.14

Table 2: Tardieu Scale Mean, Minimum, and Maximum Ratings
and Mean Intrarater and Interrater Differences of Joint Angle
Measurements for Raters With and Without Experience After

Standardized Training

Mean Minimum Maximum

Intrarater
Mean

Difference

Interrater
Mean

Difference

Ankle
Visual

Xv1 100 70 150 5.3 7.2
Xv3 80 40 130 6.1 8.5
X 22 0 55 6.8 8.9
Y 2.6 1 4 0.3 0.4

Goniometric
Xv1 102 75 150 5.8 7.1
Xv3 80 50 120 4.9 6.3
X 24 0 65 7.0 8.4
Y 2.6 1 4 0.3 0.4

Elbow
Visual

Xv1 180 155 195 2.4 3.7
Xv3 168 70 190 7.3 13.1
X 12 0 105 5.7 10.7
Y 0.9 0 2 0.2 0.4

Goniometric
Xv1 180 165 195 2.1 4.2
Xv3 169 70 195 5.8 12.5
X 11 0 105 4.4 9.1
Y 0.9 0 2 0.2 0.4

Knee
Visual

Xv1 144 85 175 7.5 11.0
Xv3 114 50 175 11.8 13.9
X 30 0 80 12.1 15.0
Y 2 0 3 0.1 0.2

Goniometric
Xv1 140 90 175 6.0 9.0
Xv3 114 60 170 9.4 12.1
X 27 0 75 9.0 14.4
Y 2 0 3 0.1 0.2

OTE. XV1, XV3, and X represent degrees of ROM. Y is an ordinal
ariable grading spasticity. See Appendices for further details.
ome of these studies have used what has been called a w

rch Phys Med Rehabil Vol 91, March 2010
Modified Tardieu Scale,” from our early personal communi-
ation on an unfinished version of the instrument, lacking in
articular the spasticity grading Y and the definition of the
pasticity angle (XV1 – XV3).25

At least 5 of these studies26-30 have looked at the reliability
f the Modified Tardieu Scale, with inconsistent conclusions,
ll having used intraclass correlation coefficients or kappa
tatistics. Ours is the first study that tests the reliability of the
omplete Tardieu Scale and uses percent agreement frequency
s the statistical method of reference. Of note, there have been

studies looking at the validity of the scale. In particular,
atrick and Ada10 show strong construct validity of the Tardieu
cale as compared with an electromyographic measure of
uscle reaction to fast stretch. Other studies31-33 have tested

he validity of the Modified Tardieu Scale versus functional
ssessments.

raining Versus Experience in Using the Scale
This study shows how 1 day of formal training markedly

nhanced reliability. Experience yielded a less impressive in-
rease in intrarater reliability only. To the experienced raters,
he 1-day training was a means for them to use the scale in a
ore homogeneous manner (anatomic landmarks, patient and

imb positions, relaxation techniques, etc). To the inexperi-
nced raters, the 1-day training was also the way of learning
ow to use the scale. The improvement in reliability with
raining was particularly evident in the assessments of the angle
f catch XV3 (see table 1). However, experience specifically
mproved interrater reliability for the spasticity grade Y in the
nkle plantar flexors and knee flexors, where nonexperienced
aters had some difficulty. Combining formal training and
xperience might lead to improved reliability in general, and in
articular for the assessment of the angle of catch XV3 at the
nee flexors. Finally, the data suggest that the reliability of
pasticity angle assessments is higher when using the same
ater versus different raters. However, training of experienced
aters provides a reliability improvement that renders their
nterrater reliability comparable to the intrarater reliability of
nexperienced raters. This may be relevant in research settings,
n cases where sequential assessment by the same rater is not
ossible.

ower Reliability at the Knee Flexors
The difficulty achieving interrater agreement for XV3 at the

nee may have several sources. First, the Tardieu Scale mea-
ures angles relative to the muscle that is stretched, the angle 0°
eing defined as the position of minimal stretch of the muscle
eg, the “hamstrings angle” would be 0° with the knee fully
exed and 180° when the knee is fully extended). This may
ave confused the raters accustomed to traditional anatomic
ngles (knee extended, 0°; knee fully flexed, close to 180°).
his potential issue may be resolved by specifically reviewing

he 0° angle for each muscle of interest in the training session.
econd, some raters who encountered a catch not followed by
bvious release did not repeat the maneuver. These raters may
ave rated spasticity grade 2 by considering their first angle of
atch as XV3, as opposed to nonratable spasticity if the angle of
atch was inconsistent (see Methods section). Third, the fastest
elocity, V3, is intrinsic to the examiner. This potential source
f disagreement may be insensitive to training sessions. Fi-
ally, in larger children or teenagers, some examiners may
xperience difficulty in performing rapid knee extension,

hich also might impact interrater reliability.
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CONCLUSIONS
The Tardieu Scale has good to excellent intrarater and interrater

eliability in both angle and grade parameters when measuring
lbow flexor and ankle plantar flexor spasticity in children with
P, a reliability level that is improved by a 1-day formal training.
hile the Tardieu spasticity grade (Y) assessment is also reliable
hen measuring knee flexor spasticity, spasticity angle measure-
ents XV3 and X in that muscle group are less reliable, even after
1-day training. Experience in using the scale does not have as

ignificant an impact as standardized training. We recommend
tandardized training in using the scale for both experienced and
onexperienced raters because it may considerably enhance reli-
bility, particularly in the measurements of angles of catch at fast
peed. Training material has been developed in conjunction with
his study and will be published separately.
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APPENDIX 1: THE TARDIEU SCALE: PRINCIPLES
rading always performed:

● On a muscle at rest before the stretch maneuver
● At a reproducible velocity of stretch. Once the fast veloc-

ity is selected for a muscle, it remains the same for all
subsequent tests.

● At the same time of the day
● In a constant body position for a given limb
● Other joints, particularly the neck, must also remain in a

constant position throughout the assessment and for all
other assessments.

elocity of Stretch

● SLOW � V1: As slow as possible (slower than the rate of
natural drop of the limb segment under gravity)

● FAST � Either V2 or V3
Œ V2: Speed of the limb segment falling under gravity
Œ V3: As fast as possible (faster than the rate of natural

drop of the limb segment under gravity)

APPENDIX 2: THE TARDIEU SCALE: GRADING

� Spasticity Angle (Threshold)
Angle of arrest at slow speed XV1 minus Angle of catch at

ast speed XV3

� Spasticity Grade (Gain)
0. No resistance throughout passive movement
1. Slight resistance throughout passive movement
2. Clear catch at precise angle, interrupting passive move-

ment, followed by release
3. Fatigable clonus (�10s when maintaining pressure) oc-

curring at a precise angle, followed by release
4. Unfatigable clonus (�10s when maintaining pressure)

occurring at a precise angle
● Catch without release: graded 0 if XV1�XV3; “unrat-

able” spasticity otherwise
● Catch with “minimal” release: graded 2 if XV3 is

consistent and consistently less than XV1
● Angle 0° � position of minimal stretch of the tested

muscle
● For grades 0 and 1, spasticity angle X�0° by definition

References
1. Tardieu G, Shentoub S, Delarue R. A la recherche d’une technique
de mesure de la spasticité. Revue Neurol 1954;91:143-4.
2. Burke D, Gillies GD, Lance JW. The quadriceps stretch reflex in
human spasticity. J Neurol Neurosurg Psychiatry 1971;33:216-33.

3. Lance JW. Symposium synopsis. In: Feldman RG, Young RR,
Koella WP, editors. Spasticity: disordered motor control. Chicago:
Yearbook Medical; 1980. p 485-94.

4. Gracies JM. Pathophysiology of spastic paresis. Part II. The
emergence of muscle overactivity. Muscle Nerve 2005;31:552-71.

5. Ashworth B. Preliminary trial of carisoprodol in multiple sclero-
sis. Practitioner 1964;192:540-2.

6. Bohannon RW, Smith MB. Interrater reliability of a Modified
Ashworth Scale of muscle spasticity. Phys Ther 1987;67:206.

7. Nielsen JF, Sinkjaer T. A comparison of clinical and laboratory
measures of spasticity. Mult Scler 1996;1:296-301.

8. Harlaar J, Becher JG, Snijders CJ, Lankhorst GJ. Passive stiffness
characteristics of ankle plantar flexors in hemiplegia. Clin Bio-
mech (Bristol, Avon) 2000;15:261-70.

9. Vattanasilp W, Ada L, Crosbie J. Contribution of thixotropy,
spasticity, and contracture to ankle stiffness after stroke. J Neurol
Neurosurg Psychiatry 2000;69:34-9.

0. Patrick E, Ada L. The Tardieu Scale differentiates contracture
from spasticity whereas the Ashworth Scale is confounded by it.
Clin Rehabil 2006;20:173-82.

1. Tardieu G. Evaluation et caractères distinctifs des diverses raid-
eurs d’origine cérébrale. Chapitre VB1b Les feuillets de
l’infirmité motrice cérébrale. Paris: Association Nationale des
IMC Ed; 1966. p 1-28.

2. Tardieu G, Lacert P. Le tonus et ses troubles en clinique.
Encyclopédie médico-chirurgicale. Neurologie. Paris: 1977.
p 17007 A 20.

3. Held JP, Pierrot-Deseilligny E. Rééducation Motrice des affec-
tions neurologiques. JB Baillière Ed;1969:31-42.

4. Gracies JM, Marosszeky JE, Renton R, Sandanam J, Gandevia
SC, Burke D. Short-term effects of dynamic Lycra splints on
upper limb in hemiplegic patients. Arch Phys Med Rehabil 2000;
81:1547-55.

5. Gracies JM. Evaluation de la spasticité—Apport de l’echelle de
Tardieu. Motricité Cérébrale 2001;22:1-16.

6. Gracies JM, Lugassy M, Weisz DJ, Vecchio M, Flanagan S,
Simpson DM. Botulinum toxin dilution and endplate targeting in
spasticity: a double-blind controlled study. Arch Phys Med Rehab
2009;90:9-16.

7. Charcot JM. Leçons sur les maladies du système nerveux. Tome
II, 1 vol 144. Paris: Delahaye; 1873. p 276-9.

8. Powers RK, Campbell DL, Rymer WZ. Stretch reflex dynamics in
spastic elbow flexor muscles. Ann Neurol 1989;25:32-42.

9. Gracies JM, Chen J, Roman BR, et al. Evidence for cocontraction
and clinical relevance of spasticity assessments in spastic hemi-
paresis. Mov Disord 2006;21(S15):S423.

0. Sahrmann SA, Norton BJ. The relationship of voluntary move-
ment to spasticity in the upper motor neuron syndrome. Ann
Neurol 1977;2:460-5.

1. Portney LG, Watkins MP. Foundations of clinical research. Ap-
plications to practice. Chapter 26. Statistical measures of reliabil-
ity. Upper Saddle River: Prentice Hall Health; 2000. p 508-17.

2. Bloch DA, Kraemer HC. Two by two kappa coefficients: mea-
sures of agreement or association. Biometrics 1989;45:269-87.

3. Kraemer HC, Periyakoil VS, Noda A. Kappa coefficients in med-
ical research. Stat Med 2002;21:2109-29.

4. Bland JM, Altman DG. A note on the use of intraclass correlation
coefficient in the evaluation of agreement between two methods of
measurement. Comput Biol Med 1990;20:337-40.

5. Boyd RN, Graham HK. Objective measurement of clinical find-
ings in the use of botulinum toxin type A in the management of
spasticity in children with cerebral palsy. Eur J Neurol 1999;6

(Suppl 4):S23-S35.

Arch Phys Med Rehabil Vol 91, March 2010



2

2

2

2

3

3

3

3

428 TARDIEU SCALE FOR ASSESSING SPASTICITY, Gracies

A

6. Fosang AL, Galea MP, McCoy AT, Reddihough DS, Story I. Mea-
sures of muscle and joint performance in the lower limb of children
with cerebral palsy. Dev Med Child Neurol 2003;45:664-70.

7. Mackey AH, Walt SE, Lobb G, Stott NS. Intraobserver reliability
of the Modified Tardieu Scale in the upper limb of children with
hemiplegia. Dev Med Child Neurol 2004;46:267-72.

8. Mehrholz J, Wagner K, Meissner D, et al. Reliability of the
Modified Tardieu Scale and the Modified Ashworth Scale in adult
patients with severe brain injury: a comparison study. Clin Reha-
bil 2005;19:751-9.

9. Yam WK, Leung MS. Interrater reliability of Modified Ashworth
Scale and Modified Tardieu Scale in children with spastic cerebral
palsy. J Child Neurol 2006;21:1031-5.

0. Ansari NN, Naghdi S, Hasson S, Azarsa MH, Azarnia S. The Mod-
ified Tardieu Scale for the measurement of elbow flexor spasticity in

adult patients with hemiplegia. Brain Inj 2008;22:1007-12. a

rch Phys Med Rehabil Vol 91, March 2010
1. Vles GF, de Louw AJ, Speth LA, et al. Visual analogue scale to
score the effects of botulinum toxin A treatment in children with
cerebral palsy in daily clinical practice. Eur J Paediatr Neurol
2008;12:231-8.

2. Faber IR, Nienhuis B, Rijs NP, Geurts AC, Duysens J. Is the
Modified Tardieu Scale in semi-standing position better asso-
ciated with knee extension and hamstring activity in terminal
swing than the supine Tardieu? Dev Med Child Neurol 2008;
50:382-7.

3. Gorter JW, Verschuren O, van Riel L, Ketelaar M. The relation-
ship between spasticity in young children (18 months of age) with
cerebral palsy and their gross motor function development. BMC
Musculoskelet Disord 2009;10:108.
Supplier
. SAS Institute Inc, 100 SAS Campus Dr, Cary, NC 27513.


	Reliability of the Tardieu Scale for Assessing Spasticity in Children With Cerebral Palsy
	METHODS
	Participants
	Raters and Procedures
	Procedures Involved in the Tardieu Scale
	Stretch velocity (appendix 1)
	Grading of the stretch reflex (appendix 2)

	Position of Other Limb Segments During Assessments
	Statistical Analysis

	RESULTS
	Experienced Raters Without Formal Training (First Phase of the Study)
	After Formal Training (Second Phase)

	DISCUSSION
	Clinical Relevance of a Tool to Measure Spasticity
	Statistical Method of Measuring Reliability
	Previous Literature on the Reliability of the Tardieu Scale
	Training Versus Experience in Using the Scale
	Lower Reliability at the Knee Flexors

	CONCLUSIONS
	APPENDIX 1: THE TARDIEU SCALE: PRINCIPLES
	APPENDIX 2: THE TARDIEU SCALE: GRADING
	X = Spasticity Angle (Threshold)
	Y = Spasticity Grade (Gain)

	Acknowledgments
	References
	Supplier


