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Reliability and validity of a
scale for measurement of trunk

mobility in Parkinson’s disease
Trunk Mobility Scale

Clarissa R.C. Franco', Paula Ledo?, Raquel Townsend?, Carlos R.M. Rieder*

ABSTRACT

Axial rigidity is an important motor manifestation in Parkinson’s disease (PD). Trunk
mobility impairment can cause gait, balance and postural problems. However, only few
instruments analyze the trunk mobility in PD patients. The aim of this study is to present a
new Trunk Mobility Scale (TMS) and its validation in PD. The TMS constituted of dynamic
tests involving trunk movements in sagittal, transversal and coronal planes. Ninety eight PD
patients and 31 normal controls were analyzed. A strong correlation was found between
the TMS scores and the Hoehn & Yahr staging scale (r: 0.72; p<0.01), motor Unified
Parkinson’s Disease Rating Scale (r: 0.84; p<0.01) and Schwab and England Activities of
Daily Living (r: -0.72; p<0.01). The scale showed a satisfactory reliability rate (aconbach: 0-85,
ICC: 099). TMS is a simple and reliable instrument to evaluate trunk mobility impairment
in patients with PD.
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Confiabilidade e validade de uma escala de mensuragdo da mobilidade do tronco na
doenca de Parkinson: Escala de Mobilidade de Tronco

RESUMO

Rigidez axial é importante manifestacdo motora na doenca de Parkinson (DP). Prejuizos na
mobilidade do tronco podem ocasionar problemas na marcha, equilibrio e postura. No
entanto, poucos instrumentos analisam a mobilidade do tronco em pacientes com DP. O
objetivo deste estudo é apresentar uma nova Escala de Mobilidade do Tronco (TMS) e sua
validagdo na DP. A TMS é constituida de provas dindmicas que envolvem os movimentos
do tronco no plano sagital, transversal e coronal. Noventa e oito pacientes com DP e 31
controles normais foram analisados. Uma forte correlacdo foi encontrada entre os escores
do TMS e os do Hoehn & Yahr Staging Scale (r: 0,72; p <0,01), Unified Parkinson's Disease
Rating Scale (r: 0,84; p<0,01) e Schwab and England England Activities of Daily Living
(r:=0,72, p <0,01). A escala mostrou uma taxa de confiabilidade satisfatoria (aconpach: 0.85;
ICC: 099). TMS é um instrumento simples e confidvel para avaliar comprometimentos da
mobilidade de tronco em pacientes com DP.

Palavras-chave: doenca de Parkinson, Escala de Mobilidade de Tronco, rigidez.

Parkinson’s disease (PD) is a degenera-
tive and progressive disease that presents
bradykinesia, tremor at rest, postural in-
stability and rigidity as main motor man-
ifestations'”. Axial rigidity can be respon-

sible for functional impairments of gait,
balance and motor control*®. Although
axial rigidity is one incapacitating charac-
teristics of disease, most methods for as-
sessing muscle tone have focused on ap-
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pendicular rigidity including the arms, wrists, and knees.
Many researchers suggest that axial rigidity may be re-
sponsible for trunk en bloc turning movement, charac-
teristic in patients with PD”’, Furthermore, alteration in
tonus and mobility of trunk may affect the daily activi-
ties and the quality of life of PD patients. Axial rigidity
may cause difficulty in rolling over in bed and standing
up when in sitting position®*°.

In order to monitor the disease progress or even the
effectiveness of a certain medication or physiotherapeutic
action, fast assessment mechanism of easy clinical ac-
cess are required to help health professionals® 2, Most
available studies analyze the rigidity of limbs, neglecting
however, the movement alterations that the axial rigidity
causes to a patient with PD"*!*, Besides insufficient lit-
erature on that, the tools that assess the trunk mobility
are scarce and restricted to the movement quantification
in the transversal plane (rotation)'*". Although some
scales associate the rotation assessment with forward in-
clination measurements (sagittal plane)'®, flexion mea-
surement is not part of any integrated scale that quan-
tifies the two movement planes in a single instrument.

Scales for the trunk movement assessment in patients
with PD include the Functional Rotation Test (FRT)" and
the Functional Axial Rotation (FAR)'®. Both scales re-
quire a special infrastructure, such as rooms with gradua-
tion marks on the walls, referential points attached to pa-
tients and/or tripods to enable the execution of tasks and
measurements, which makes them of difficult clinical uti-
lization. Another important limitation of the FRT scale is
that it is not easy to collect data from individuals with ac-
centuated tremor at rest and dyskinesia, as these patients
have difficulty in keeping the final position required for
such measurement'. On the other hand the FAR scale
evaluates only one movement plane (transversal) and it
is not predictor of functionality'®. The Trunk Impair-
ment Scale (TIS) was validated to PD’. However, this
scale was originally created to evaluate the static bal-
ance, the dynamic balance and the coordination in pa-
tients with cerebral vascular accident and one limitation
of this scale is that it does not evaluate the sagittal plane.

This study aims to create and validate an instrument
for trunk mobility evaluation of patients with PD. The
instrument, named Trunk Mobility Scale (TMS), evalu-
ates trunk movement in all planes (sagittal, coronal and
transversal).

METHOD

The study involved 98 patients with diagnosis of PD
according to the criteria of the UK Parkinson’s Disease
Society Brain Bank'. Patients were recruited from the
Movement Disorder Clinic of Hospital de Clinicas de
Porto Alegre RS, Brazil. The study had the participation
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of 31 controls, healthy subjects, recruited for this study
among patient’s relatives and companions. Exclusion cri-
teria included diagnosis of other neurological diseases
(ataxia, cerebral vascular accident, dementia etc.), ortho-
pedic surgeries (spine arthrodesis at any level) and trau-
matological and orthopedic diseases (fracture, arthrosis),
that prevented the tests from being performed.

Procedures

Patients in the study were evaluated using Unified
Parkinson’s Disease Rating Scale-1I1 (UPDRS-III)*,
Schwab and England Activities of Daily Living (S&E)*
and Hoehn & Yahr scale (H&Y)*. Disease duration,
gender and age were controlled.

The TMS was based on six dynamic tests that in-
volve the trunk movements in the sagittal plane (exten-
sion/flexion), transversal (rotation) and coronal (side in-
clination) and one static test that evaluated the sitting
posture. The tests were performed with the patient sit-
ting on a chair, with no arm support, feet on the floor
and the back kept 10 cm from the chair. All movements
were previously demonstrated to the patient by the study
investigator.

Scores of dynamic items ranges from 0 to 3. The pa-
tient that performs the movement with no compensation
receives score 0. The patient that is unable to make the
requested movement receives score 3. Scores 1 and 2 are
attributed to individuals that perform the movements,
but with compensations. The score is 1 for small com-
pensations, and 2 for great compensations. Great com-
pensations are exaggerated movements, easily noticed
by an investigator (for instance, when inclining side-
ways, the patient associate trunk rotation and/or flexion
and/or extension movements). Small compensations are
subtle movements, but that are present when the move-
ment is performed. In the static aspect, the sitting pos-
ture analysis may range from 0 (upright sitting position)
to 4 (strong flexion and/or side inclination with extreme
posture abnormality). In the other aspects, the posture
may be severely, moderately and slightly inclined, items
3,2 and 1, respectively.

A neurologist performed the UPDRS-III, S&E and
H&Y scales. Two other investigators simultaneously re-
corded the TMS scores. The investigators were blind re-
garding the results obtained by one another in the TMS
and were previously trained on how to apply the scales.

All patients and participants signed the Consent
Term. This study was approved by the Research and
Ethics Committee of the involved institution (HCPA).

Statistical analysis
The categorical variables were described through ab-

solute and relative frequencies. The quantitative variables
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Table 1. Clinical characteristics of patients with Parkinson'’s disease
(PD) and controls.
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Table 2. Reliability - Cronbach’s Alpha for Trunk Mobility Scale
ltems.

PD group Control aCronbach if
(n=98) group (n=31) ICC oaCronbach item excluded
Age 6723 (£11.25* 6090 (£11.57)* Trunk Mobility Scale 0.99 0.85
Gender Female 48 (49%) 24 (77%) Inclination to righ 0.82
Male 50 (51%) 7 (22%) Inclination to left 0.82
Diagnosis (years) 7.88 (£5.22) NA Rotation to right 0.84
Scales Rotation to left 0.84
T™MS 6.75 (£4.92)* 2.64 (£243)F Flexion 0.84
UPDRS-III 31.84 (£24.09) NA Extention 0.85
H&Y 2,66 (+1.12) NA Sitting 0.83
S&E 79.18 (£19.98) NA

TMS: Trunk Mobility Scale; UPDRS-III: Unified Parkinson’s Disease Rating
Scale; H&Y: Hoehn and Yahr Scales; S&E: Schwab & England Activities of
Daily Living Scale; NA: not assessed; *p<0.01.

were described through mean and standard deviation
values. The criteria validation, i.e., the comparison to
gold standards, was performed through the correlation
with the scales: H&Y, UPDRS-III and S&E, and the in-
strument proposed through Spearman’s Correlation Co-
efficient and Pearson’s Correlation Coefficient (rg and r,
respectively). A factorial analysis was performed to verify
the specific domains of the scale. In order to assess the
scale reliability, the internal consistence of the instru-
ment was measured using Cronbach’s alpha (acronbach)
and the investigators’ agreement through the Intra-Class
Correlation Coefficient (ICC). The significance level ad-
opted in the study was p<0.05 and the application pro-
gram SPSS (Statistical Package for Social Sciences) ver-
sion 14.0 performed the analyses.

RESULTS

Ninety-eight patients with PD were assessed, 48 of
them were female (49%) and 50 were male (51%), pre-
senting mean age of 67.23 (+11.25) and disease time of
7.88 (£5.22) years. The study also assessed 31 controls:
24 women (77%) and 7 men (22%), who presented mean
age of 60.90 (£11.57) years. Table 1 shows the clinical
characteristics of the sample.

Age and gender did not have influence on the TMS
scores in patients and controls. The relation between age
and the TMS was meaningless, with correlation rate of
r=0.07. Gender did not show any influence on the TMS
results either. Women obtained mean score of 5.61
(+4.70) and men obtained mean score of 5.95 (+4.91) in
the TMS scale (p=0.69).

Reliability

The reliability rate between examiners of the pro-
posed scale was very significant, with ICC of 0.99. The
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Table 3. Factorial analysis of the Trunk Mobility Scale with rotation.

1 2
Values 321 1.99
% variation 45.89 28.46
% accumulative 45.89 74.35
Trunk Mobility Scale
Inclination to right 0.86 0.23
Inclination to left 0.87 0.20
Rotation to right 0.18 0.94
Rotation to left 0.22 093
Flexion 0.75 0.15
Extension 0.75 0.06
Sitting 0.71 0.34

Table 4. Correlation between the Trunk Mobility Scale and
UPDRS-IIl items.

UPDRS-IlI ™S
Speech 0.56*
Facial expression 0.56*
Rest tremor 0.52*
Action tremor 0.41*
Rigidity 0.89*
Finger taps 0.64*
Hand movements 0.66*
Pronation/supination of hands 0.63*
Leg agility 0.70*
Arising from chair 0.60*
Posture 0.65*
Gait 0.65*%
Postural stability 0.50*
Bradykinesia 0.65*%

UPDRS-III: Unified Parkinson’s Disease Rating Scale; TMS: Trunk Mobility
Scale. *p<0.01.
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Fig 1. Correlation between the Trunk Mobility Scale (TMS) and
Unified Parkinson'’s Disease Rating Scale Il (UPDRS-II), Hoehn
and Yahr Scales (H&Y) and Schwab & England Activities of Daily
Living Scale (S&E). Coefficients: 0.84, 0.72 and —0.72, respectively,
all with p<0.01.

internal consistence was high, with acyonpach of 0.85
(Table 2). This value did not change with the exclusion
of any scale item.

Internal validation

The factorial analysis showed that the scale presents
two domains, with values over 1, which correspond to
74.35% of the total variance. Side inclination, flexion and
extension movements and the static analysis of the sit-
ting posture present similar values in the factorial anal-
ysis. Therefore, all these variables are interrelated. The
second domain was established by the rotation move-
ments, which showed a different tendency from the
others. Table 3 shows the factorial analysis data.

External validation
There was a high correlation between TMS and the
UPDRS-IIL, H&Y and S&E scales, with r : 0.84, 0.72 and
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Fig 2. Correlation between the different planes of evaluation of
Trunk Mobility Scale (TMS) and motor Unified Parkinson’s Disease
Rating Scale (UPDRS Ill) and Hoehn and Yahr Scales (H&Y).

—0.72, respectively (Fig 1). Fig 2 shows the analysis of different
planes of trunk movement (rotation, lateral inclinations
and flexion/extension) and their correlation with UPDRS-
I and H&Y. The score in those movement modalities was
present as percentage of total score in TMS (for instance,
rotation score=score in rotation x 100/total TMS score).

The lateral inclinations and flexion/extension move-
ments were correlated with UPDRS-IIT and H&Y scores.
Thus, the decrease in lateral inclinations and flexion/ex-
tension movements was related with functional impair-
ment, evaluated by UPDRS-III and H&Y. The rotation
movement, however, exhibited high scores (higher im-
pairment), even with lower UPDRS-III and H&Y scores.

Concerning the specific items of UPDRS-III, the
TMS demonstrated an important correlation with “ri-
gidity” (item 22 of UPDRS) (r: 0.89; p<0.01) and a mod-
erate-to-high correlation regarding the other items
(p<0.01) (Table 4). The weaker correlations were between
TMS and tremor scores.

DISCUSSION

Trunk movement alteration, present in PD, may lead
to motor impairment. The axial rigidity seems to en-
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hance the loss of functionality in patients with PD in the
execution of daily activities, such as walk, change direc-
tion while walking or rolling over in bed*. Therefore, re-
liable clinical measurements of trunk movement are re-
quired to monitor the disease progress and its treatment
effectiveness.

The Trunk Mobility Scale, validated by this study,
evaluates PD patients in a satisfactory manner. It was
showed that TMS is an easy and fast application scale.
When compared with UPDRS scores, TMS shows strong
correlation with that. UPDRS-III is a widely applied scale
to evaluate motor PD symptoms®. However, it practically
evaluated only appendicular rigidity. In UPDRS-III, axial
mobility is only evaluated by the item that measure cer-
vical rigidity.

The TMS presented good correlation with the H&Y,
showing highest scores in advanced stages of the disease.
The Schwab & England activities of daily living scale also
presented a substantial correlation with TMS. Patients
with higher scores in TMS showed more dependency to
activities of daily living.

For clinical application, according to a systematic
assessment of the scales utilized in PD, it has been rec-
ommended the minimum level of Cronbach’s alpha of
0.70**%. The internal consistence in this study was high,
with ocronbach 0f 0.85. This value did not change with the
exclusion of any scale item and all TMS items were sig-
nificantly and positively associated with total score indi-
cating a high inter correlation between all TMS items.
Therefore, the investigator’s reliability of the TMS was
excellent and the scale score is unlikely to present differ-
ences due to different application interpretation.

Regarding the internal structure of the instrument,
the factorial analysis showed that patients presented a
similar performance in the following items: side inclina-
tion, flexion, extension and sitting posture. However, re-
garding the rotation assessment, the results showed to be
independent of the others. Patients with worst score in
flexion, stretching and inclination movements and in the
sitting posture analysis presented worst performance in
rotation. But patients with difficulty in performing only
the rotation did not necessarily present difficulties in
performing the other proposed movements. Our find-
ings agree with the literature and indicate higher and
premature difficulties to perform the trunk rotation
movements®”®. This is clear when we observe that the
rotation movement is altered early in the H&Y stage of
disease in comparison to the other trunk movements.
Therefore, patients with less severe disease, based in
H&Y and UPDRS-III scales, may have already presented
rotation impairments detected in TMS. The high pro-
portion of subjects with early maximum rotation scores
suggests a ceiling effect to rotation scores. This is dif-
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ferent from the observed in flexion, extension and incli-
nation movement impairment that are present in more
advanced disease.

Analysis of different categorical items of the UPDRS-
III showed that the TMS scores presented a significant
correlation with them. Moreover, “rigidity” item showed
the strongest correlation (r: 0.89), which emphasizes
the important link between the trunk mobility and this
symptom.

The performance in the TMS between controls and
patients with PD, in terms of age and gender, did not
show any significant difference. Therefore, the most im-
portant factor to trunk mobility reduction in this study
was the presence and severity of PD, result that agrees
with the literature'.

The present study showed that the TMS is a func-
tional and reliable instrument for clinical assessment of
trunk mobility. Moreover it is of easy clinical utilization
and can be useful to monitoring evolution and thera-
peutic response in PD patients.
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