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ORIGINAL ARTICLE
Reliability and Validity of the Japanese Perme ICU Mobility
Score: An Initial Psychometric Evaluation
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Objectives: The Perme ICU Mobility Score is widely used to assess functional status, but no
version of this assessment tool has been validated for use in Japan. This study aimed to translate
the Perme Score into Japanese and evaluate its reliability and validity. Methods: Following for-
ward—backward translation, the Japanese Perme Score was tested at ICU discharge. Inter-rater re-
liability was examined using weighted kappa coefficient. Construct validity was assessed through
correlations with the Medical Research Council Sum Score (MRC-SS), Functional Status Score
for the ICU (FSS-ICU), and ICU Mobility Scale (IMS). Predictive validity for activities of daily
living (ADL) independence (Barthel Index >85) and discharge destination was evaluated using
Receiver operating characteristic (ROC) analysis. Floor and ceiling effects were also analyzed.
Results: In 69 patients, the Japanese Perme Score showed high inter-rater reliability (k=0.83). It
showed moderate correlation with FSS-ICU (rho=0.61) and IMS (rho=0.73), and it showed weak
correlation with MRC-SS (rho=0.36). Predictive validity for ADL independence and home dis-
charge yielded AUCs of 0.76 and 0.73, respectively. A ceiling effect was noted in 10% of cases,
with no floor effect. Conclusions: The Japanese Perme Score is a reliable, valid instrument for
evaluating physical function at ICU discharge.
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INTRODUCTION

Advances in the management of critically ill patients have
improved survival but highlighted the long-term sequelae
faced by survivors, collectively referred to as post-intensive
care syndrome (PICS)."? PICS encompasses physical,
psychological, and cognitive impairments, with physical
dysfunction being particularly concerning: approximately
30% of patients remain symptomatic 6 months after ICU

discharge, which negatively impacts both survival and qual-
ity of life.>*

Rehabilitation strategies aimed at preventing PICS are of-
ten insufficient if confined to the ICU, underscoring the need
for continued intervention after discharge.”) The identifica-
tion of patients that require follow-up rehabilitation requires
assessment of physical function at ICU discharge. Among
the available tools, four scales are commonly recommended:
the Physical Function in ICU Test (PFIT), the Chelsea Criti-
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cal Care Physical Assessment Tool (CPAX), the Functional
Status Score for the ICU (FSS-ICU), and the ICU Mobility
Scale (IMS).®) When assessing ICU patients, scales must
accommodate altered consciousness caused by sedation
or delirium, allow for simple bedside use in patients with
mobility restrictions from devices, and enable monitoring of
functional changes over time. Although several ICU-specific
scales have been developed, their psychometric properties
remain insufficiently validated, making it unclear which is
most appropriate.”) Furthermore, because key instruments
such as PFIT and CPAx were developed in English, linguistic
and cultural differences may affect interpretation and clinical
applicability.®”)

The Perme ICU Mobility Score (Perme Score), developed
by Perme in 2014, is designed to objectively evaluate patient
mobility in the ICU.!” This 15-item tool is notable for incor-
porating “mental status” and “barriers to mobility,” which
are dimensions often overlooked in other scales, thereby
accounting for impaired consciousness and the presence of
treatment devices frequently encountered in ICU settings.
In addition, by assessing endurance, the Perme Score of-
fers unique value as one of the few ICU-specific functional
assessment instruments. Its inter-rater reliability has been
confirmed across the original and translated versions, and
its validity has been demonstrated through associations with
ICU length of stay and in-hospital mortality.!'~'3)

However, the Japanese version of the Perme Score has not
yet been validated. This study aimed to evaluate its reliabil-
ity and validity in Japanese ICU patients. We hypothesized
that the Japanese Perme Score would provide a reliable and
valid measure of physical function at ICU discharge. To test
this, we translated the original scale into Japanese, assessed
inter-rater reliability and measurement error, and examined
construct and predictive validity by analyzing correlations
with other physical function assessments and determining
cutoff values for discharge destination and independence in
activities of daily living (ADL).

MATERIALS AND METHODS

Study Design and Setting

This prospective study was conducted in the mixed medi-
cal-surgical ICU of Okayama University Hospital between
June 2023 and March 2024. The protocol followed the
COSMIN (Consensus-based Standards for the Selection of
Health Measurement Instruments) guidelines for evaluating
measurement properties of assessment tools, including the
use of COSMIN terminology.'¥

Participants

Eligible participants were adults (=18 years) admitted to
the ICU for at least 3 days. Patients were assessed at ICU
discharge if they were conscious, defined as meeting at least
three of the five criteria proposed by De Jonghe et al.'>) (open
eyes, stick out tongue, raise eyebrows, grasp hand, and lift
foot). Exclusion criteria included pre-existing walking im-
pairments, terminal illness, trauma requiring prolonged bed
rest, paralysis or disability from neuromuscular disease or
stroke, and ICU readmission. Patients were also excluded if
simultaneous assessment by two evaluators was not feasible.

Ethics

This study was approved by the Ethics Committee of
Okayama University Hospital (approval number: K2210-
038). Given that data collection was conducted within the
scope of routine clinical care, informed consent was obtained
through an opt-out procedure. Details of the procedure are
available on our facility’s website (https:/okadaireha.jp/),
with related documents accessible at https:/okadaireha.jp/
wp-content/uploads/2023/05/onegail9.pdf.

Translation and Back-translation

The Perme Score was translated into Japanese using a
structured, multi-step process. Step 1: with permission from
the original author, independent translations were performed
by a healthcare professional fluent in Japanese and a certi-
fied translator, then consolidated by another healthcare
professional. Step 2: six bilingual ICU professionals (two
physicians, two nurses, two physical therapists) reviewed the
draft for accuracy and clarity. Step 3: the revised Japanese
version was back-translated into English by a certified trans-
lator. Step 4: the back-translated version was reviewed by the
original author, with feedback incorporated into further revi-
sions. This iterative process continued until no discrepancies
remained. The final Japanese Perme Score is available on
the Japanese Society for Early Mobilization website (https://
www.rishou.org/activity-new/scaletool#/).

Data Collection

Demographic and clinical data were obtained from
medical records, including age, sex, body mass index
(BMI), diagnosis category, Acute Physiological and Chronic
Health Evaluation II (APACHE II) score, and Sequential
Organ Failure Assessment (SOFA) score at ICU admission.
Functional assessments [Japanese Perme Score, Medical
Research Council Sum Score (MRC-SS), FSS-ICU, and
IMS] were conducted within 2 days of ICU discharge, and
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the Barthel Index (BI) was assessed at hospital discharge.
The Japanese Perme Score was independently scored by two
physical therapists (S.K. and T.1.), each with over 10 years of
ICU experience. To minimize patient burden, for each pa-
tient, one physical therapist performed the assessment while
the other observed and simultaneously completed the score.
The evaluators did not participate in the translation process.
The roles of assessor and observer were alternated between
patients to minimize bias. In addition, MRC-SS, FSS-ICU,
IMS, and BI were routinely assessed in ICU clinical practice
by rehabilitation staff. The IMS and MRC-SS were evaluated
at ICU discharge, whereas the BI was assessed at hospital
discharge.

Psychometric Assessment of Japanese Perme
Score
Inter-rater Reliability

Inter-rater reliability of the Japanese Perme Score at ICU
discharge was evaluated by two physical therapists. System-
atic and measurement errors were also examined.

Construct Validity

Construct validity was assessed by comparing the
Japanese Perme Score at ICU discharge with the MRC-SS,
FSS-ICU, and IMS. The MRC-SS evaluates strength in six
muscle groups of the upper and lower extremities bilaterally,
rated on a 0—5 scale, with higher scores indicating greater
strength. The FSS-ICU assesses five basic functional activi-
ties using an 8-point scale, where 0 indicates complete de-
pendence and 7 indicates full independence, consistent with
the Functional Independence Measure. The IMS consists
of 11 levels ranging from 0 (no activity) to 10 (independent
ambulation without aid).

Predictive Validity

Predictive validity was evaluated using the BI at hospital
discharge and the discharge destination. A BI of 85 or higher
was considered indicative of functional independence.'®
Discharge destinations were classified as home or transfer to
another hospital or nursing facility. Patients who died during
hospitalization were excluded.

Floor and Ceiling Effects

Floor and ceiling effects were assessed at ICU discharge,
defined as the proportion of patients achieving the minimum
score (0 points) or maximum score (32 points) on the Japa-
nese Perme Score.

Data Analysis and Statistics

Continuous variables were summarized as medians with
interquartile ranges (IQRs), and categorical variables were
summarized as number and percentage. Data normality was
examined using the Shapiro—Wilk test. Sample size estima-
tion was performed with support from the Kobe University
Clinical and Translational Research Center, based on a prior
report.'”) Nawa et al.'® reported an Intraclass Correlation
Coefficient (ICC) of 0.988 [95% confidence interval (CI),
0.977-0.999; CI width, 0.021]. Assuming slightly lower reli-
ability for the Japanese version (ICC, 0.97; CI width, 0.04),
the required sample size was calculated to be 69 participants.

Inter-rater reliability was assessed using the weighted
kappa coefficient. Bland—Altman analysis was conducted
to calculate mean difference (bias) and 95% limits of agree-
ment (mean difference = 1.96 SD), with plots generated to
visualize agreement and detect systematic or proportional
error. Construct validity was evaluated using Spearman’s
rank correlation coefficients between the Japanese Perme
Score, MRC-SS, and FSS-ICU. Predictive validity for ADL
independence (based on BI) and discharge destination was
analyzed using Receiver operating characteristic (ROC)
curves, with sensitivity, specificity, and area under the curve
(AUC) reported. The optimal cutoff was determined using
the Youden index. Analyses for validity and floor/ceiling
effects were based on the results of the primary evaluator
(S.K.). All statistical analyses were performed in R software
(version 4.0.3; R Foundation for Statistical Computing, Vi-
enna, Austria), with significance set at P<0.05.

RESULTS

A total of 69 patients were analyzed (Fig. 1), and their
baseline characteristics are presented in Table 1. The mean
(+ standard deviation) age was 68 + 12 years, with 51 patients
(74%) being male. The median [IQR] APACHE II and SOFA
scores at [ICU admission were 19 [10-21] and 6 [3—8], respec-
tively. Thirty patients (44%) required mechanical ventilation
during their ICU stay. The most common reason for ICU ad-
mission was gastrointestinal surgery (n=36, 52%), followed
by cardiac surgery (n=12, 17%) and respiratory failure (n=>5,
7%). The median [IQR] length of ICU and hospital stay were
5 [4-9] days and 26 [19-39] days, respectively. At discharge,
46 patients (67%) returned home.

Reliability
Inter-rater agreement results are summarized in Table 2.
The Japanese Perme Score demonstrated high concordance
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Patients admitted to the ICU during the study period
n= 1580

Patients aged >18 years admitted to the ICU for >3 days
n =370

n=33

impaired consciousness

All enrolled patients
n=337

Excluded (n = 268)

- Pre-existing walking difficulties prior to admission (n = 12)

- Terminal illness (n = 28)

- Trauma requiring bed rest (n = 8)

- Paralysis or disability due to neuromuscular disease or stroke (n = 8)
- Readmission to the ICU (n = 30)

- Patients were also excluded if they could not be assessed simultaneously by two evaluators (n = 182)

Assessed the perme ICU mobility score
n=69

Fig. 1. Flowchart of patient recruitment.

Table 1. Patient characteristics

Variable Total number

(n=69)

Age, years 68+12
Male sex 51 (74)
BMI, kg/m? 23.1+4.3
APACHE 1I score at ICU admission 19 [10-21]
SOFA score at ICU admission 6 [3-8]
Charlson Comorbidity Index >2 19 (27)
Mechanical ventilation during ICU stay 30 (44)
ICU admission reason

Gastrointestinal surgery 36 (52)

Cardiac surgery 12 (17)

Respiratory failure 5()

Sepsis 1(D)

Other 15 (22)
Length of ICU stay, days 5[4-9]
Length of hospital stay, days 26 [19-39]
ICU readmission 2(3)
Discharge destination

Home 46 (67)

Transfer 22 (32)

Death 1(1)

Data are presented as mean+standard deviation, median
[interquartile range], or number (percentage).

at ICU discharge, with a weighted kappa coefficient () of
0.83. Most subitems showed strong agreement, although the
coefficients for “mental status” (k=0.39) and “functional
strength” (k=0.66) were lower. Only “potential mobility
barriers” showed a statistically significant mean difference
(MD, —0.12; 95% CI, —0.22 to —0.01).

Construct and Predictive Validity

The analysis of construct and predictive validity included
69 cases, showing low-to-moderate correlations between
the Japanese Perme Score and the other three tools (Table
3). Predictive validity for ADL independence (BI >85)
yielded an AUC of 0.76, with a cutoff of 27.5 points giving
52.2% sensitivity and 87.0% specificity (Fig. 2). For home
discharge, the AUC was 0.73, with 66.7% sensitivity and
71.7% specificity at a cutoff of 28.5 points. Comparative
analyses showed AUCs for ADL independence (BI >85) of
0.86 (MRC-SS), 0.82 (FSS-ICU), and 0.69 (IMS) and AUCs
for discharge destination of 0.66 (MRC-SS), 0.71 (FSS-ICU),
and 0.74 (IMS) (Fig. 3).

Floor and Ceiling Effects
No overall floor effect was observed for the Japanese
Perme Score, but a ceiling effect was present in seven pa-
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Table 2. Analysis of inter-rater agreement rate for the Perme Score

Perme Score Kappa coefficient ICC MD 95% CI LoA
Total score 0.83 1.0 —-0.14 —0.31 t0 0.02 —1.21 to 1.50
Mental status 0.39 0.40 0.04 —0.01 to 0.09 —0.36 to 0.44
Potential mobility barriers 0.89 0.90 —0.12 —0.22 t0 —0.01 —0.97 t0 0.74
Functional strength 0.66 0.53 —0.04 —0.16 to 0.08 —1.02 t0 0.93
Bed mobility 0.97 0.98 —-0.04 —0.13 to 0.04 —0.75 to 0.66
Transfers 0.98 0.99 —0.04 —0.16 to 0.07 —0.96 to 0.87
Gait 0.99 0.99 -0.02 —0.04 to0 0.01 —0.25to —0.22
Endurance 0.98 0.98 —0.03 —0.09 to 0.03 —0.50 to 0.44

Inter-rater agreement rate was assessed by weighted kappa coefficient and Bland—Altman analysis [Mean difference (MD),

95% CI, limits of agreement (LoA)].

Table 3. Construct validity of the Perme Score at ICU dis-
charge

Variable rho 95% CI P value
MRC-SS 0.36 0.13-0.36 <0.01
FSS-ICU 0.61 0.45-0.75 <0.01
IMS at ICU 0.73 0.60-0.83 <0.01

tients (10%). At the item level, apart from “potential mobility
barriers,” most domains showed ceiling effects in more than
half of the participants. Conversely, modest floor effects
were noted for “gait” and “endurance,” each affecting 17%
of patients (Table 4).

DISCUSSION

This study evaluated the reliability and validity of the
Japanese Perme Score at ICU discharge. The findings indi-
cate that the score has high inter-rater reliability and moder-
ate validity in critically ill patients. Inter-rater discrepancies
were observed primarily in “potential mobility barriers,”
underscoring the need for careful assessment in this domain.
The Japanese Perme Score correlated well with established
measures of muscle strength and physical function at ICU
discharge and demonstrated predictive validity for ADL
independence and discharge destination, with minimal
floor and ceiling effects overall. These results suggest that
the Japanese Perme Score is a practical and reliable tool for
functional evaluation at ICU discharge and may support
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Fig. 2. Receiver operating characteristic (ROC) curves illustrating the predictive validity of the Perme Score
at ICU discharge for Barthel Index >85 (left) and discharge destination (right). Final analysis cohort: n=69.

Curves show cutoff values, sensitivity, and specificity.
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Fig. 3. Receiver-operating-characteristic (ROC) curves depicting the predictive validity of (A) MRC-SS, (B)
FSS-ICU, and (C) IMS score at ICU discharge for Barthel Index >85 (left) and discharge destination (right).
Final analysis cohort: n=69. Curves show cutoff values, sensitivity, and specificity.
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Table 4. Floor and ceiling effects on the Perme Score

Maximum  Minimum
Score component

score score
Total score 7 (10) 0(0)
Mental status 65 (94) 0(0)
Potential mobility barriers 8 (12) (1)
Functional strength 62 (90) 0(0)
Bed mobility 52 (75) 4 (6)
Transfers 57 (83) 9 (13)
Gait 57 (83) 12 (17)
Endurance 40 (58) 12 (17)

Data presented as number (percentage).

rehabilitation planning and post-ICU follow-up care. To our
knowledge, this is the first study to characterize its clinical
utility in Japan.

High inter-rater agreement has also been reported in other
translated versions of the Perme Score,!"!21) and our find-
ings are consistent with these reports. The main limitation
in agreement was for “mental status,” for which the original
version reported kappa values between 0.00 and 0.27,'” and
the German version similarly noted reduced consistency.?”
Ambiguity in descriptors such as “lethargic” or “awake and
alert” may contribute to variability. Establishing standard-
ized criteria—for example, defining “unresponsive” as eyes
remaining closed without stimulation—could reduce sub-
jectivity. Additionally, targeted training for evaluators may
further improve reliability for this item.

Although a slight mean difference was observed in “po-
tential mobility barriers,” this difference was less than 1
point and remained within an acceptable range. This item
evaluates factors such as pain, intravenous therapy, and
medical devices. With the exception of pain, most aspects
are objectively observable and therefore carry low risk of
measurement error. Variability is most likely linked to pain
assessment, particularly when patient complaints are vague
or subject to differing evaluator interpretations. Although
pain-related items are inherently prone to fluctuations, the
observed difference was minimal and unlikely to meaning-
fully influence interpretation of the overall score.

In assessing construct validity, the Japanese Perme Score
showed moderate correlations with the IMS and FSS-ICU,
both of which capture broader aspects of physical function
in critically ill patients. By contrast, its correlation with the
MRC-SS, a measure of muscle strength, was weaker. Previ-
ous studies have reported wide variability in correlations
between the MRC-SS and functional measures (r=0.4—

0.92),212? likely reflecting differences in the constructs being
assessed. Whereas the MRC-SS focuses on isolated muscle
strength, the Perme Score incorporates performance-based
items and mobility barriers (e.g., lines, tubes, mechanical
ventilation), which may limit mobility independently of
strength. This distinction helps explain the lower correlation
observed between the Japanese Perme Score and the MRC-
SS.

At ICU discharge, the Japanese Perme Score demon-
strated good discriminatory ability for predicting both ADL
independence and home discharge. Previous studies have
reported AUCs of 0.75-0.80 for the FSS-ICU?? and 0.73 for
the IMS?# in predicting discharge to home. In this study, the
Perme Score showed comparable performance to the FSS-
ICU (Fig. 3), with AUCs of 0.76 and 0.82, respectively, for
ADL independence, and 0.73 and 0.71, respectively, for home
discharge. For ADL independence (BI >85), the MRC-SS
yielded the highest AUC (0.86). The slightly lower predictive
accuracy of the Perme Score may reflect its inclusion of non-
physical function items (e.g., “mental status” and “potential
mobility barriers”), whereas the MRC-SS focuses solely on
muscle strength, which is more directly linked to ADL in-
dependence. For discharge destination, the predominance of
gastrointestinal surgery cases may have influenced results,
because transfers were often related to oral intake difficul-
ties. Importantly, because this study was primarily powered
for reliability analysis, the predictive validity findings should
be interpreted with caution. Regarding measurement effects,
floor and ceiling effects were acceptable overall, although
ceiling effects occurred in six of seven items and floor effects
occurred in two items, suggesting that individual item scores
require careful interpretation.

This study has several limitations. First, because all assess-
ments were conducted by physical therapists with extensive
ICU experience, the findings may not be fully generalizable
to other healthcare professionals, such as nurses or less ex-
perienced therapists. Second, the study population included
a high proportion of postoperative gastrointestinal surgery
patients, which may have introduced selection bias and
restricted the broader applicability of the results. Third, the
need for simultaneous evaluation led to patient exclusions,
potentially affecting both sample size and generalizability.
Additionally, the inability to conduct simultaneous evalua-
tions in some patients increased the number of exclusions,
and these constraints may have impacted the results and their
generalizability. Third, to reduce the burden on patients,
one patient’s Perme Score assessment was conducted solely
through observation. This approach may have resulted in an
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overestimation of inter-rater reliability. Finally, this study
did not assess the minimal detectable change or the minimal
clinically important difference, underscoring the need for
further research in these areas.

CONCLUSION

The Japanese Perme Score was shown to be a reliable and
valid tool for assessing physical function at ICU discharge. It
demonstrated high inter-rater reliability, meaningful correla-
tions with established functional measures, and predictive
value for ADL independence and discharge destination. Al-
though ceiling effects were present in some items, the overall
measurement properties support its clinical applicability in
ICU settings. Further research should examine its use across
more diverse ICU populations and among a wider range of
healthcare professionals.
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