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ORIGINAL ARTICLE
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ABSTRACT

Objective Postural instability and gait disturbance are the cardinal symptoms associated with falling among patients with Par-
kinson’s disease (PD). The Tinetti mobility test (TMT) is a well-established measurement tool used to predict falls among elderly
people. However, the TMT has not been established or widely used among PD patients in Korea. The purpose of this study was
to evaluate the reliability and validity of the Korean version of the TMT for PD patients.

Methods Twenty-four patients diagnosed with PD were enrolled in this study. For the interrater reliability test, thirteen clini-
cians scored the TMT after watching a video clip. We also used the test-retest method to determine intrarater reliability. For
concurrent validation, the unified Parkinson’s disease rating scale, Hoehn and Yahr staging, Berg Balance Scale, Timed-Up and
Go test, 10-m walk test, and gait analysis by three-dimensional motion capture were also used. We analyzed receiver operating
characteristic curve to predict falling.

Results The interrater reliability and intrarater reliability of the Korean Tinetti balance scale were 0.97 and 0.98, respectively.
The interrater reliability and intra-rater reliability of the Korean Tinetti gait scale were 0.94 and 0.96, respectively. The Korean
TMT scores were significantly correlated with the other clinical scales and three-dimensional motion capture. The cutoff values
for predicting falling were 14 points (balance subscale) and 10 points (gait subscale).

Conclusion We found that the Korean version of the TMT showed excellent validity and reliability for gait and balance and
had high sensitivity and specificity for predicting falls among patients with PD.
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Gait disturbance and postural instability are car-
dinal features of Parkinson’s disease (PD) and detract
from quality of life. Objective measurement of gait
and balance to observe the progression of disease
and reduce the fall risk of patients has been the
subject of much attention." Most clinicians assess gait
and balance by relying on subjective observations
during the neurological examination. Several clini-
cal scales for gait and balance have been developed.
The most commonly used scales for gait and balance
status in PD are Hoehn and Yahr (H&Y) staging and
the Unified Parkinson’s Disease Rating Scale (UP-
DRS) part IIL>* H&Y staging is a simple and well-
known method; however, the H&Y scale is not linear
and cannot even be ordered by rank.* The UPDRS
part III contains items of gait and postural instabili-
ty, but the scoring is also broad and simple. The Berg
balance test, which is also widely used in estimating
postural imbalance, has been validated for PD.?
However, the Berg balance test only can estimate bal-
ance and cannot evaluate gait itself.

As a way overcome these limitations of clinical
scales, the Tinetti Mobility Test (TMT), also called
the Performance-Oriented Mobility Assessment, was
introduced.® The TMT has been widely used and
has been recommended as a way to assess mobility,
balance, gait, and fall risk in the elderly.” Previous
reports have demonstrated that the TMT is one of
the most accurate tools for assessing patients with
PD and has acceptable validity and reliability.* The
TMT was translated into Korean in a previous study
and was shown to be a reliable and valid tool for
chronic stroke patients.” However, there has been
no report of the validation of the Korean version of
the TMT in PD patients.

The purpose of this study was to investigate the
reliability and validity of the Korean version of the
TMT in patients with PD.

MATERIALS & METHODS

This is a cross-sectional observational study. The
primary goal was to evaluate the reliability and va-
lidity of the Korean version of the TMT in patients
with PD. The secondary goal was to identify the most
accurate TMT cutoff value for predicting falls in
patients with PD. This study was approved by Inter-
stitial Review Board in Haeundae Paik Hospital (IRB
No. 2016-04-024).

Korean Tinetti Mobility Test in Parkinson's Disease

Subjects

Twenty-four patients diagnosed with PD accord-
ing to the Queen Square Brain Bank criteria® at
three different hospitals were enrolled in this study.
The inclusion criteria were as follows: 1) PD patients
who complained of gait disturbance and postural in-
stability, 2) patients with PD aged 50 to 80 years, 3)
H&Y stage 2 to 4. All participants were given in-
formed consent.

The exclusion criteria were as follows: 1) patients
who were diagnosed with dementia, 2) patients who
had an evident risk of falling while performing the
test, 3) patients who had other diseases affecting gait
such as neuromuscular or cardiopulmonary dysfunc-
tion, and 4) patients who were diagnosed with atyp-
ical parkinsonism.

Basic demographic factors including age, sex, dis-
ease duration, and falling history were obtained. We
used the UPDRS motor scale (part III), the balance
subscale (item 30), and the H&Y stage to evaluate
disease severity. We obtained each patient’s falling
history from an interview at baseline screening. A
fall was defined as an unexpected falling event that
ended with the subject coming to rest on the ground
and was not due to an extrinsic event. A “faller” was
defined as a person who had fallen more than once
within six months." We categorized the patients into
faller and non-faller groups on the basis of their fall-
ing history.

Korean version of the TMT

Although a Korean TMT has been published for
stroke patients, this published Korean TMT has sev-
eral limitations: 1) the paper introducing the Kore-
an TMT is written in Korean, which makes it diffi-
cult to find through online searches in PubMed or
Embase; 2) the published Korean TMT includes un-
familiar term such as stance phase that are difficult
to understand by the public. 3) only two examiners
were used to estimate interrater reliability. Therefore,
we constructed a new version of the Korean TMT
according to the following method.

The TMT as tested in this study is composed of
two distinct components, including a balance sub-
scale (9 items, 16 points) and a gait subscale (8 items,
12 points). Therefore, there are 17 items, each of
which is rated on a scale of 0 to 1 or 2, and the maxi-
mum possible score is 28 points. The total time tak-
en to perform the TMT is approximately 10 minutes
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per participant. The translation process of the TMT
is accurate and reflects Korean culture.

For the translation of the TMT into its Korean
version, one movement specialist and one non-med-
ical-expert translator participated in the translation.
Subsequently, another non-medical-expert transla-
tor retranslated the Korean TMT into the English
version and compared it with the original version
of the TMT. Each non-medical-expert translator was
a person not associated with healthcare who had
lived in an English-speaking country for at least 10
years. The three people who participated in the trans-
lation collaborated to adapt it to Korean culture (Sup-
plementary Table 1 in the online-only Data Supple-
ment).

Checking the reliability and validity of the
TMT

Three movement specialists from different hospi-
tals discussed how to perform the TMT. All TMTs
were recorded with a video camcorder with antero-
posterior and mediolateral views.

For the intrarater reliability test, we used the test-
retest method. We performed the TMT twice with a
30-minute interval between tests. For interrater re-
liability, thirteen clinicians who worked at different
hospitals gathered together and scored the TMT
while watching the video clips.

For concurrent validation, clinical tests for gait
and balance and three-dimensional motion captures
were performed. Clinical tests for gait included the
Timed-up and go (TUG) test, 10-m walk test, and
UPDRS part III. Clinical scales for balance and the
Berg balance test were performed. For objective
quantification of gait, we checked spatiotemporal
parameters from the three-dimensional motion
analysis.

Gait analysis by three-dimensional motion
capture

To evaluate gait objectively, we used three-dimen-
sional motion capture VICON (Oxford, UK) at a
sample rate of 100 Hz for quantification of spatio-
temporal parameters. The participants were asked
to walk along a 6-m track under 12 infrared cameras
for motion capture. Stride length, walking speed,
cadence, step time, stride time, step length, single
support, double support and proportion of the gait
cycle spent in the stance phase were measured.

Statistics

All results were calculated using SPSS version 21
(IBM Corp., Armonk, NY, USA) and R version 3.1.2.
For intra- and interrater reliability, an Interclass Cor-
relation Coefficient (ICC) derived from a two-way
random-effects model was used. For internal con-
sistency, we calculated Cronbach’s alpha in each
subscale (“irr”, “psy”, “boot” packages).

The concurrent validity of the TMT was obtained
by calculating the correlation with the Berg balance
test, the UPDRS balance and gait subscores, the H&Y
stage, the TUG, and the 10-m walk test. Gait param-
eters from three-dimensional motion analyses were
also compared with TMT results. Spearman corre-
lation analysis was used to evaluate the correlation
between TMT and other parameters. The level of sig-
nificance was set at p < 0.05.

Receiver Operating Characteristic (ROC) analysis
was performed to assess the sensitivity and specific-
ity of the TMT score in predicting falls. An ROC curve
analysis and an estimate of the area under the ROC
curve (AUC) were used to assess the cutoff points
for TMT in PD.

RESULTS

The demographics of the participants are shown
in Table 1. Their mean age was 72.33 * 6.95 years,
and fourteen of the participants were men. The mean
H&Y stage was 2.39 £ 7.37, and the mean UPDRS
part I1I score was 15 + 3.20. Among the 24 partici-
pants, 8 patients had a history of falling.

Reliability of the TMT
The results of the reliability tests for the TMT are

Table 1. Demographic factors of participants

Demographic data

M/F (n = 24) 14/10
Age 72.33 £ 6.95
UPDRS part IlI (total) 15£3.20
Gait (item 29) 1+£0.20
Balance (item 30) 1£0.20
H&Y stage 239%737
Disease duration (months) 34.25 £ 38.23
TUG (sec) 44.25 +9.25
Berg balance test 22.89 +13.89
10-m walking (sec) 18.60 + 13.91
Faller/non-faller (number) 8/16

UPDRS: Unified Parkinson’s Disease Rating Scale, H&Y: Hoehn
and Yahr, TUG: Timed-up and go.



Table 2. Reliability of the Tinetti gait and balance tests

Tinetti mobility test

Interrater reliability

Korean Tinetti Mobility Test in Parkinson's Disease

Correlation*

Intrarater reliability

Tinetti balance scale 0.97
Tinetti gait scale 0.94

0.97 0.7
0.96 0.664

0.002
0.004

ICC derived from a two-way random-effects model is used as an estimate of raters’ agreement. The interrater reliability values of
the Tinetti balance and gait scales were 0.97 (0.94-0.98) and 0.94 (0.90—0.97). *mean of bivariate Pearson’s product moment cor-

relation analysis. ICC: Interclass Correlation Coefficient.

Table 3. Concurrent validity of TMT with other clinical and laboratory parameters

Tinetti balance score

Clinical and laboratory scales
r

Berg balance test 0.73
TUG test -0.64
10-m walk test -0.52
UPDRS Il
Gait (item 29) -0.45
Balance (item 30) -0.17
H&Y staging -0.58
Three-dimensional motion capture
Stride length 0.64
Walking speed 0.55
Cadence 0.00
Step length 0.42
Stance phase -0.08
Stride time 0.03
Double support 0.02
Single support 0.00

Tinetti gait score

p r p
0.00* 0.64 0.00*
0.00* -0.69 0.00*
0.01* -0.56 0.00*
0.03* -0.47 0.02*
0.42 0.17 0.42

0.00* -0.38 0.06

0.00* 0.77 0.00*
0.01* 0.71 0.00*
0.99 -0.02 0.99

0.04* 0.81 0.00*
0.70 0.74 0.00*
0.87 -0.05 0.81

0.90 -0.56 0.00*
0.99 0.45 0.04*

*p < 0.05. TMT: Tinetti mobility test, TUG: Timed-up and go, UPDRS: Unified Parkinson’s Disease Rating Scale, H&Y: Hoehn and

Yahr.

shown in Table 2. The interrater reliability of the bal-
ance subscales ranged from 0.94 to 0.98 with an ICC
of 0.97. The interrater reliability of the gait scale
ranged from 0.90 to 0.97 with an ICC of 0.94. Test-
retest reliability, used as a measure of intrarater reli-
ability, was ICC = 0.97 for the balance scale and 0.96
for the gait scale. Cronbach’s alpha coefficients for
the internal consistency of the Korean version of the
Tinetti balance and gait scale were 0.74 and 0.72,
respectively, with a confidence interval from 0.69 to
0.77 and from 0.67 to 0.76.

Concurrent validity of Korean TMT
Concurrent validity compared with each clinical
test is shown in Table 3. The Tinetti gait scale showed
a negative correlation with the 10-m walking test (r =
-0.56) and the TUG (r = -0.64). Regarding three-di-
mensional gait analysis, the Tinetti gate scale showed
a positive correlation with stride length (r = 0.77),
walking speed (r = 0.71), step length (r = 0.81) and
single support (r = 0.45), and a negative correlation
with stance phase and double support. The Tinetti
balance scale showed a positive correlation with the

Table 4. ROC analysis of Tinetti balance and gait scores

Tinetti mobility test Estimate Lower Upper

Balance

Cutoff score 14

Sensitivity 0.813 0.544 0.960

Specificity 0.750 0.349 0.968

Positive predictive value 0.867 0.538 0.973

Negative predictive value 0.667 0.355 0.953
Gait

Cutoff score 10

Sensitivity 0.875 0.617 0.984

Specificity 0.625 0.245 0.915

Positive predictive value 0.824 0.476 0.977

Negative predictive value 0.714 0.365 0.942

ROC: Receiver Operating Characteristic.

Berg balance scale (r = 0.73) and a negative correla-
tion with the TUG (r = -0.64).

ROC analysis to predict falling

Table 4 shows the outcomes of the ROC analysis.
The Tinetti gait scale shows high sensitivity (88%)
and specificity (63%) when 10 is selected as the cutoft
value. The Tinetti balance scale score of 14 was select-
ed as the cutoff with the highest sensitivity (81%)
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Figure 1. Receiver Operating Characteristic curve of
Tinetti gait and balance scale for predicting falling in
Parkinson’s disease.

and specificity (75%) (Figure 1). The value of the
AUC for predicting falls was 0.773 for the balance
scale and 0.766 for the gait scale.

DISCUSSION

Our study is the first report of the reliability and
validity of the TMT for evaluating patients with PD
in Korea. Furthermore, we used a number of tests,
including objective estimation via three-dimension-
al motion capture, for concurrent validation. We
found that the Korean version of the TMT showed
excellent reliability and validity for patients with PD.
Our results are in accordance with previous reports
of its high reliability and validity for patients with
PD.® A kappa coefficient from 0.61 to 0.80 is regard-
ed as “substantial” reliability, and a value above 0.8
is regarded as “good” reliability."* In our results, the
Korean version of the TMT showed excellent inter-
rater and intrarater reliability. Our results showed
higher inter- and intra-reliability and internal con-
sistency than previously reported for the original
TMT. Previous reports investigated its reliability for
use by students and therapists, but our study targeted
movement experts.”

The Tinetti balance scale showed a positive cor-
relation with clinical and laboratory balance scales.
Previous studies have supported a correlation be-
tween the TMT and the Berg balance test, TUG,
10-m walking test, and H&Y stage, consistent with
our results.* The Tinetti balance scale is most high-

ly correlated with the Berg balance test and TUG.
The Berg balance test is the most accurate scale for
estimating balance."" Interestingly, the Tinetti bal-
ance scale score did not correlate with the UPDRS
balance subscore (item 30) but was significantly cor-
related with the Tinetti gait scale score (item 29).
One possible explanation is that postural imbalance
in PD is episodic and inconsistent and is therefore
difficult to evaluate in one trial. However, gait per-
formance is a constant process, and balance is need-
ed for gaiting. As shown in Table 3, gait and postural
instability are closely related to each other. The mea-
surement of balance using the UPDRS score has lim-
itations for evaluating balance because it was checked
only by the pull test.

The Tinetti gait scale also showed a strong corre-
lation with the Berg balance test, TUG, 10-m walk
test stride length, and walking speed. Objective gait
parameters including stride length and walking
speed showed the strongest correlation with the Ti-
netti gait and balance scale. A previous study dem-
onstrated that the Tinetti gait scale was also signifi-
cantly correlated with the measurements of the
GAITRIite (CIR system Inc., Franklin, NJ, USA) elec-
tronic system."” Our results demonstrated that the
Korean version of the TMT was more strongly as-
sociated with gait speed and stride length than was
previously reported. The 10-m walk test showed a
significant but relatively weak correlation with the
Korean version of the TMT.

The Tinetti balance scale was associated with H&Y
stage, but the Tinetti gait scale was not. We assumed
that this was because the H&Y stage is graded via
laterality and postural imbalance and therefore can-
not reflect gait status.

The TMT has been widely used to predict falls in
the elderly” We found that cutoft values of 14 points
on the Tinetti balance scale and 10 points on the gait
scale showed the most accurate sensitivity and spec-
ificity for predicting falls among patients with PD.
Previous reports also suggested that the optimal cut-
off value of the Tinetti balance scale for predicting
falling was 10 points among the elderly,'*"” but for
patients with PD, the cutoft total score for the origi-
nal TMT was 20 points, which is lower than our re-
sult.® The Tinetti gait scale and balance scale showed
acceptable accuracy for predicting falling in patients
with PD in this study.

Our study has several limitations. First, the sam-



ple size was not large; therefore, the estimated pow-
er was low (55-62%). Further research will be need-
ed to confirm the effect size of our study finding.
Second, we did not enroll patients in an advanced
stage of PD owing to their falling risk; therefore, in-
terreliability for each item was low. Third, our study
targeted only movement experts, not therapists or
nurses.

In conclusion, our study demonstrated that the
Korean version of the TMT has acceptable reliabili-
ty and validity as an assessment tool for gait and bal-
ance among patients with PD. It is also useful for
predicting falling among patients with PD using cut-
off values of 14 on the balance scale and 10 on the
gait scale.
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The online-only Data Supplement is available with this arti-
cle at https://doi.org/10.14802/jmd.17058.
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