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Abstract
Background  Primary lateral sclerosis (PLS) is an extremely rare condition; therefore, to date no clinical studies have 
been conducted. The Primary Lateral Sclerosis Functional Rating Scale (PLSFRS) was developed in the United States of 
America. The PLSFRS is a crucial assessment scale for international collaborative research and future clinical trials for 
PLS. It is useful for evaluating medical conditions through face-to-face assessments and telephone interviews such 
as when a face-to-face assessment is not possible due to disasters or the burden of hospital visits. This study assessed 
the reliability and consistency of in-person and telephone interviews using the Japanese version of the PLSFRS.

Methods  We enrolled 19 Japanese patients who met the specific criteria for inclusion at the six collaborating 
institutions. The PLSFRS assessments were performed by two evaluators at defined time points and analyzed for intra-
rater and inter-rater reliability and consistency between the in-person and telephone interviews.

Results  The Japanese version of the PLSFRS was developed by a specialized company and translator, and modified to 
consider the Japanese lifestyle through a consensus among motor neuron specialists. The quadratic-weighted kappa 
coefficients for the intra-rater and the inter-rater agreement were substantial (intra-rater: 0.691-1.000, inter-rater: 
0.634-1.000). Moreover, the intraclass correlation coefficient for the PLSFRS total score was 0.997 (95% confidence 
interval, 0.992–0.999).

Conclusions  This study provides results regarding the Japanese version of the PLSFRS intra-rater and inter-rater 
reliability and consistency between in-person and telephone interviews.
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Background
Primary lateral sclerosis (PLS) is a progressive neuro-
degenerative disease in which upper motor neurons are 
selectively damaged. PLS is rare, occurring in less than 
5% of motor neuron diseases [1, 2]; therefore to date, no 
therapeutic agents or clinical trials have been evaluated. 
Since there have been no indicators to evaluate PLS, in 
2020 a PLS Functional Rating Scale (PLSFRS) was devel-
oped in the United States of America, and the results 
were consistent with intra-rater, inter-rater, face-to-face 
visits, and telephone test-retest reliability during 1 year 
[3]. The PLSFRS is an essential tool for future interna-
tional collaborative studies and clinical trials for PLS. 
Our study evaluated the reliability of the Japanese ver-
sion of the PLSFRS and assessed the consistency between 
face-to-face evaluations and telephone interviews.

Methods
Institutional review board and volunteer participation
The study protocol was approved by the Ethics Com-
mittee of Toho University Faculty of Medicine, Tokyo, 
Japan (A21013, M20282), and other participating institu-
tions (4058, rinfu 21 − 008, TS R03-017, ippan2021-318, 
2021 − 0101). Written informed consent was obtained 
from all the patients. The PLSFRS was translated into 
Japanese by a specialized company and translator (2-14-
10 Sotokanda Chiyoda-ku Tokyo 101 − 0021 Crimson 
Interactive Japan Co., ltd.), and it was further modified 
to account for the Japanese lifestyle based on consensus 
among the motor neuron specialists. Nineteen patients 
were enrolled in the study.

Protocol and inclusion and exclusion criteria
The study and evaluation protocols are presented in 
Table  1. Face-to-face examinations and telephone inter-
views were conducted at intervals of at least 24  h but 
no more than 7 days. All evaluators for this study were 
board-certified neurologists and were trained appropri-
ately before the evaluation. The inclusion and exclusion 
criteria are listed in Table  2. The patients were encour-
aged to state their condition, and the caregivers were 

advised not to make their interpretations. Participants 
were excluded if they withdraw consent, died, or were 
deemed inappropriate to continue in the study.

Statistical analyses
We conducted statistical analyses of the PLSFRS to 
assess intra-rater and inter-rater reliability for each item 
of the PLSFRS and the consistency of the PLSFRS total 
score between a face-to-face examination and telephone 
interview using Microsoft Excel version 2210 (Microsoft 
Corp., Redmond, WA, USA) and IBM SPSS Statistics ver-
sion 29.0 (IBM Corp., Armonk, NY, USA). Intra-rater 
reliability was assessed between the baseline and 8 weeks 
after baseline examination. Inter-rater reliability was 
assessed between the baseline and 4 weeks after base-
line examination. The consistency between a face-to-
face examination and telephone interview was assessed 4 
weeks after the baseline examination.

Results
Demographics
Nineteen patients were enrolled at baseline. The average 
age of the participants at baseline was 68.2 (42–85) years. 
The sample included eight men (42.1%) and 11 women 
(57.9%). The median disease duration was 72 (12–264) 
months.

Dropouts
Four participants were excluded from the study. Two 
patients had aspiration pneumonia during the evaluation 
period; however this was not considered an adverse event 
associated with the evaluation. The evaluation could 
not be completed for the other two patients because 
they could not consult the doctor within the evaluation 
period.

Intra-rater and inter-rater reliability
The quadratic-weighted kappa coefficients for intra-rater 
and inter-rater agreement were substantial (intra-rater; 
0.691-1.000, inter-rater; 0.634-1.000) (Table 3).

Consistency
The intraclass correlation coefficient for the PLSFRS 
total score between face-to-face examination and tele-
phone interview was 0.997 (95% confidence interval, 
0.992–0.999)

Discussion
PLS is a rare motor neuron disease, and to date, no 
clinical trials have been conducted. To develop thera-
peutic drugs in the future, it will be necessary to work 
globally, which includes collecting cases; therefore, 
creating a Japanese version of the PLSFRS is essential. 
Previously, the Amyotrophic Lateral Sclerosis Functional 

Table 1  Study protocol
Time Baseline 4 weeks later 8 weeks 

later
Way to 
evaluate

Face-to-face Face-to-face Telephone Face-
to-face

Eligibility 
Assessment

P†

Consent/
Enrollment

P

PLSFRS 
Evaluation

P S‡ S P

P†, primary evaluator; PLSFRS, Primary Lateral Sclerosis Functional Rating Scale; 
S‡, secondary evaluator
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Rating Scale-Revised (ALSFRS-R) alone evaluated the 
intra-rater and inter-rater reliabilities. The usefulness 
of administering the ALSFRS-R over the telephone was 
subsequently evaluated [4, 5]. Telephone interviews 
minimized the burden on participants and caregivers by 
reducing the number of visits required to the study sites. 
Four consultations, including three visits in 8 weeks, 
may have increased the burden; however, no adverse 
events were associated with the visits for this evalua-
tion. The availability of quick and reliable measures that 
can be administered over the telephone is indispensable 
for conducting this type of research. Thus, in this study, 
the consistency of the telephone interviews was ensured 
from the outset. Repeated evaluator training is crucial for 
maintaining reliability of the scale. When creating this 
scale, we considered the Japanese lifestyle and, added 
instructions to prevent confusion during the evaluation. 
The Japanese version of the PLSFRS is provided as a sup-
plement, and the original instructions were referenced 
and added to the table for the evaluators’ convenience.

The present study has several limitations. The current 
diagnostic criteria require the absence of clinical and 
electrophysiological lower motor neuron involvement 
for at least 4 years after symptom onset before diagnos-
ing PLS [6]. Although the participants in this study were 
recruited according to the criteria, some patients were 
in the early stage of disease onset and may have been 
diagnosed with upper motor neuron-dominant amyo-
trophic lateral sclerosis. Moreover, we implemented 
less stringent electromyography criteria to enroll more 
participants and accommodate a wider spectrum of 
patients with PLS. This approach can be an ambivalent 
issue because the participants who developed pure upper 
motor disease for less than 4 years could not receive a 
definite diagnosis and may have been classified as hav-
ing predominantly upper motor neuron dominant amyo-
trophic lateral sclerosis [7]. The concern with the PLSFRS 
was that, since there were two additional score tiers com-
pared to the ALSFRS-R, except for orthopnea and respi-
ratory insufficiency, the evaluator and the participant can 
get confused about the subtleties. We initially believed 
that evaluations by phone or in person would be difficult; 
however, the results showed no significant differences. 
Therefore, the Japanese version of the PLSFRS may be a 
valuable indicator for assessing medical conditions, even 
when face-to-face assessment is impossible due to disas-
ters or hospital visit burdens.

Conclusions
This study provides the results for the Japanese ver-
sion of the PLSFRS intra-rater and inter-rater reliability 
and an evaluation of the consistency between in-person 
and telephone interviews. Similar to the ALSFRS-R for 
amyotrophic lateral sclerosis, we believe that the Japa-
nese version of the PLSFRS will be widely used not only 
by neurologists but also by internists and medical staff 
other than doctors and is a well-validated tool for PLS 
researchers to conduct future clinical trials.

Table 2  Inclusion and exclusion criteria
Inclusion criteria Exclusion criteria
• Japanese who are 20 years of age or older.
• No family history or consanguinity.
• No cognitive decline or hearing loss.
• Unexplained upper motor neuron disorders† in at least two of the three regions of the brain, upper limbs, and lower limbs 
regardless of the disease duration.
• Normal needle electromyography‡, or no evidence of active lower motor neuron disorders,
• Able to sign a consent form (if unable to sign due to muscle weakness in the upper extremities, or unable to respond due 
to dysarthria, writing on behalf of the patient was acceptable).

• Cognitive decline or 
hearing loss, including 
proxy.
• If consent to this re-
search was not obtained.
• Other cases the 
researcher determined 
inappropriate, such as 
the patient being unable 
to express intentions 
accurately.

†Upper motor neuron dysfunction included spasticity and associated weakness, pathological hyperreflexia that is Hoffman’s’ sign and bilateral extensor toe 
responses, pseudobulbar affect
‡Normal needle electromyography or the absence of active lower motor neuron degeneration that minimally increased insertional activity and positive sharp waves 
or fibrillation potentials in extremity muscles

Table 3  Intra-rater and inter-rater consistency in this study
Items Intra-rater

κ index† (95% CI)
Inter-rater
κ index* (95% CI)

Language 0.976 (0.947-1.000) 0.992 (0.976-1.000)
Salivation 0.929 (0.809-1.000) 0.982 (0.956-1.000)
Swallowing 0.691 (0.319-1.000) 0.688 (0.338-1.000)
Handwriting 0.893 (0.765-1.000) 0.794 (0.511-1.000)
Cutting food and handling 
utensils

0.934 (0.838-1.000) 0.878 (0.744-1.000)

Dressing and hygiene 0.910 (0.815-1.000) 0.920 (0.825-1.000)
Turning in bed and adjust-
ing bedclothes

0.849 (0.652-1.000) 0.921 (0.809-1.000)

Walking 0.951 (0.898-1.000) 0.973 (0.945-1.000)
Climbing Stairs 0.931 (0.847-1.000) 0.949 (0.889-1.000)
Dyspnea 0.906 (0.837-1.000) 0.706 (0.342-1.000)
Orthopnea 0.789 (0.766–0.811) 0.634 (0.309–0.959)
Respiratory insufficiency 1.000 (1.000–1.000) 1.000 (1.000–1.000)
†κ index, the quadratic weighted kappa coefficient. CI, confidence interval.
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ALSFRS-R	� Amyotrophic Lateral Sclerosis Functional Rating Scale-Revised
PLS	� primary lateral sclerosis
PLSFRS	� PLS Functional Rating Scale
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