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ABSTRACT

Background: Balance assessment is crucial for predicting community ambulation
outcomes in subacute stroke patients undergoing rehabilitation. This study aims to
compare the accuracy of the Postural Assessment Scale for Stroke Patients (PASS)
and the Berg Balance Scale (BBS) in predicting community walking ability at
discharge from rehabilitation.

Methods: This prospective cohort study included 47 stroke patients admitted to a
4-week inpatient rehabilitation program. Patients were assessed with PASS and BBS
at admission. Discharge assessments included the Functional Ambulation Categories
and 6-Min Walk Distance tests. Statistical analysis involved calculating the area
under the receiver operating characteristic curve (AUC), sensitivity, specificity,
likelihood ratios, and cut-off scores.

Results: PASS and BBS demonstrated excellent predictive accuracy, with AUC values
0f 0.955 (95% CI [0.850-0.994]) for PASS and 0.991 (95% CI [0.906-1.000]) for BBS.
Cut-off scores were >28 for PASS and >46 for BBS. Sensitivity was high for both
(94.44%, 95% CI [72.7-99.9]), while BBS had superior specificity (96.43%, 95%

CI [81.7-99.9]) compared to PASS (85.71%, 95% CI [67.3-96.0]). BBS also had a
higher positive likelihood ratio (26.44 vs. 6.61). The difference in AUC values was
non-significant (p = 0.093).

Conclusions: PASS and BBS assessed at admission are highly accurate tools for
predicting community ambulation at discharge in subacute stroke patients, with BBS
demonstrating a slight advantage, particularly in its positive predictive value. These
findings support the use of both scales to guide rehabilitative clinical decision-
making.
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Keywords Postural balance, Prospective studies, Stroke, Rehabilitation, Walking

How to cite this article Worraridthanon C, Justine M, Siriphorn A. 2025. Comparing the Postural Assessment Scale for Stroke and Berg
Balance Scale for predicting community walking ability at discharge in subacute stroke: a prospective cohort study. Peer] 13:e19322
DOI 10.7717/peerj.19322


http://dx.doi.org/10.7717/peerj.19322
mailto:akkradate.s@�chula.ac.th
https://peerj.com/academic-boards/editors/
https://peerj.com/academic-boards/editors/
http://dx.doi.org/10.7717/peerj.19322
http://www.creativecommons.org/licenses/by/4.0/
http://www.creativecommons.org/licenses/by/4.0/
https://peerj.com/

Peer/

INTRODUCTION

Stroke is a leading cause of long-term disability worldwide, often resulting in significant
mobility impairments and dependence on caregivers for daily activities (Katan ¢ Luft,
2018; Lee et al., 2024). These challenges are primarily due to a combination of motor
weakness, sensory deficits, motor incoordination, spasticity, and balance issues (Lee, 2019).
Previous studies have shown that balance and trunk control are key predictors of
post-stroke walking ability, making the selection of appropriate balance assessment tools
crucial for optimizing rehabilitation (Preston et al., 2021).

Three widely used tools for balance assessment in stroke rehabilitation are the Berg
Balance Scale (BBS), the Postural Assessment Scale for Stroke Patients (PASS), and the
Mini-Balance Evaluation Systems Test (Mini-BESTest). The BBS is commonly used for
balance assessment, given its capacity to evaluate fall risk and functional stability through a
series of tasks (Blum ¢ Korner-Bitensky, 2008; Inoue et al., 2023). It measures both static
and dynamic balance, providing comprehensive insights into a patient’s functional
stability, and typically takes about 15-20 min to administer (Dos Santos et al., 2023; Inoue
et al., 2023). However, its utility is limited by floor and ceiling effects, which reduce its
sensitivity for patients with severe impairments or near-complete recovery (Blum ¢
Korner-Bitensky, 2008; Louie ¢ Eng, 2018). In contrast, the PASS is specifically designed
for patients with stroke and emphasizes postural control during static and dynamic tasks
relevant to daily activities (Benaim et al., 1999; Chien et al., 2007; Yoshimoto et al., 2016). It
is quicker to administer (10-15 min) and particularly suited for individuals with significant
functional limitations, demonstrating predictive validity with scores above 12.5 correlating
with independent ambulation (Huang et al., 2016). The Mini-BESTest is another
commonly used balance assessment tool that focuses on dynamic balance components,
including anticipatory postural adjustments, reactive postural control, sensory orientation,
and dynamic gait (Tsang et al., 2013). It has demonstrated excellent reliability and
predictive validity for fall risk across various neurological conditions, including stroke
(Tsang et al., 2013). However, Mini-BESTest is more comprehensive and time-intensive,
making it less practical for routine assessments in rehabilitation settings. Additionally, its
primary focus on dynamic balance may not fully capture the postural control deficits that
are critical for early-stage stroke rehabilitation. Given these considerations, this study
compares the predictive accuracy of PASS and BBS for community walking ability at
discharge.

While both tools offer valuable insights into balance and postural control, accurately
predicting community ambulation after stroke rehabilitation remains challenging.
Walking speed alone is insufficient to reliably predict community walking capability
(Alvarenga et al., 2023; Fulk et al., 2017). Combining the 6-Minute Walking Distance
(6MWD) and Functional Ambulation Categories (FAC) provides a more comprehensive
evaluation. The 6MWD, a simple and safe measure of walking endurance, distinguishes
between house-bound and community ambulators with a threshold of 205 meters (71%
specificity, 79% sensitivity, 74% overall accuracy) (Fulk ¢ He, 2018; Fulk et al., 2017; Kubo
et al., 2018). The FAC, which categorizes ambulation across six levels based on assistance
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required, complements this by assessing functional independence in walking (Mehrholz
et al., 2007). However, neither tool fully accounts for balance deficits or other factors
influencing community walking, highlighting the need for a multifaceted approach to
prediction.

The subacute phase of stroke recovery, spanning from 7 days to 6 months post-onset, is
a critical period for intervention, where timely and accurate assessments can guide targeted
rehabilitation strategies to maximize functional outcomes (Bernhardt et al., 2017). While
the BBS and PASS are widely used, there is limited evidence directly comparing their utility
during this phase to predict walking ability at discharge. The PASS was specifically
developed to assess both static and dynamic balance in patients with stroke. It is
particularly effective in detecting balance improvements in individuals with severe balance
deficits, an area where the BBS and Mini-BESTest may have limitations (Huang et al,
2020). The Mini-BESTest, though highly reliable and useful in assessing dynamic balance
and fall risk, is more commonly used across various neurological conditions rather than
specifically for post-stroke rehabilitation. Furthermore, PASS has demonstrated strong
predictive validity for ambulation and functional independence, making it an appropriate
choice for evaluating community walking ability post-stroke (Huang et al., 2016). Given
these considerations, this study compares PASS and BBS to determine their predictive
accuracy for community walking ability at discharge. The BBS’s susceptibility to floor and
ceiling effects contrasts with the PASS’s strength in assessing patients with greater
impairments, suggesting that their predictive accuracy may differ depending on the
patient’s functional level and stage of recovery.

Given the strengths and limitations of both tools, a comparative study is warranted to
determine which tool more accurately predicts community walking ability in patients with
subacute stroke at discharge from rehabilitation. By integrating balance assessments with
established measures such as 6 MWD and FAGC, this study aims to provide evidence-based
insights to enhance clinical decision-making, optimize tool selection, and ultimately
improve rehabilitation outcomes for patients with stroke.

MATERIALS AND METHODS
Study design

This prospective cohort study assessed patients with stroke upon admission to a
rehabilitation unit using the PASS and the BBS. Following these assessments, participants
underwent a 4-week rehabilitation program consisting of 16 physical therapy sessions.
Walking ability was classified using a combined approach incorporating the 6SMWD test
and FAC. In this study, community ambulators were defined as individuals who could
walk independently outdoors and navigate public spaces, while home ambulators were
those whose walking ability was primarily limited to their home environment due to
mobility impairments or safety concerns. Participants who achieved >205 m on the
6MWD and FAC level 5 were classified as community ambulators, while those walking
<205 m with FAC levels 0-4 were classified as home ambulators. Data collection was
conducted in a tertiary care rehabilitation hospital specializing in stroke rehabilitation
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between May and July 2024. Assessments at admission and discharge were conducted in
dedicated therapy spaces, ensuring consistency in measurement conditions.

Sample size calculation

The sample size was calculated using MedCalc software (version 19.1.5; MedCalc Software
Ltd, Ostend, Belgium). An expected AUC of 0.8 was chosen because it falls within the
moderate accuracy range (AUC 0.70-0.90), which is widely considered acceptable for
predictive models in clinical research. Using this expected AUC, a significance level (alpha)
of 0.05, and a power of 80% (beta = 0.20), the minimum sample size was estimated to be 36
participants. Accounting for a potential dropout rate of 30%, the final target sample size
was set at 47 participants.

Participants

This study included 47 patients with stroke from the Sirindhorn National Medical
Rehabilitation Institute in Thailand, with data collected between May and July 2024. A
total of 60 eligible patients were initially approached, of whom 47 agreed to participate and
met the inclusion criteria. Eligibility criteria included: (1) men and women aged 18-80
years; (2) diagnosis of stroke confirmed by a neurologist using MRI or CT; (3) first stroke
occurring between 2 and 6 months prior; (4) stable medical condition defined by resting
vital signs within normal ranges (blood pressure: 90/60-140/90 mmHg; heart rate: 60-100
beats per minute; respiratory rate: 12-20 breaths per minute) and the absence of acute
medical complications, such as infections, uncontrolled hypertension, or cardiac
arrhythmias, as documented in the medical record and confirmed by the attending
physician; and (5) ability to understand and follow instructions, demonstrated by
successful completion of a two-step instruction task (e.g., “Raise your arm and touch your
head”). Exclusion criteria were: (1) presence of conditions such as severe osteoarthritis,
recurrent stroke, vestibular disorders (including vertigo), or Parkinson’s disease that could
affect gait or balance; (2) history of knee or hip arthroplasty that could limit mobility; (3)
leg pain or fatigue on the day of evaluation; and (4) completion of fewer than 12
rehabilitation sessions, representing less than 80% of the total program.

Research protocol
This study protocol was approved by The Sirindhorn National Medical Rehabilitation
Institute’s Subcommittee on Human Research Ethics (No. 67014) and preregistered at
www.thaiclinicaltrials.org (No. TCTR20240528005). All participants provided written
informed consent prior to their participation. Initially, participants were assessed using
PASS and BBS at admission to evaluate postural control and balance. To mitigate order
effects, a random lottery determined the sequence of assessments, with a 10-min rest
period between tests. Following these evaluations, participants underwent a structured
4-week rehabilitation program consisting of 16 sessions, each 60 min long, focusing on
strength, balance, bed mobility, and ambulation.

At discharge, walking ability was classified using a combined approach incorporating
the 6SMWD and FAC. Participants achieving 2205 m on the 6MWD and FAC level 5 were
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classified as community ambulators, while those walking <205 m with FAC levels 0-4 were
classified as home ambulators (Fulk et al., 2017; Mehrholz et al., 2007). Importantly,
ambulatory classification was conducted only at discharge, as this study focused on
evaluating the predictive accuracy of PASS and BBS rather than pre-rehabilitation walking
status.

To minimize measurement bias, assessments at admission (PASS and BBS) and at
discharge (6MWD and FAC) were conducted by different assessors. The admission
assessor conducted pre-rehabilitation evaluations and was not involved in the discharge
assessments, ensuring independence between the two phases. Similarly, the assessor at
discharge was blinded to the admission assessments and scores, maintaining unbiased
evaluations of the participants’ walking ability at the end of rehabilitation. All assessors
were licensed physical therapists with over 5 years of experience working with patients
with stroke and were well-trained in administering the tools used in this study.

Measurements

Postural assessment scale for stroke patients (PASS)

The PASS assesses a participant’s ability to maintain or change postures, from lying down
to standing up. It consists of 12 items, seven mobility items and five balance items, each
scored from 0 (unable to do) to 3 (normal performance). The maximum total score for the
PASS is 36, with higher scores indicating better postural control. For each item, the
researcher gave clear instructions, demonstrated the action if needed, and then observed
the participant executing it. Participants were observed during each task, with safety aids
provided as needed (Chien et al., 2007; Estrada-Barranco et al., 2021).

Berg balance scale (BBS)

The BBS measures static and dynamic balance across 14 tasks, scored from 0 to 4, with a
maximum score of 56. Tasks ranged from simple activities, like sitting unsupported, to
more complex ones, like standing on one foot. The researcher provided clear verbal
instructions for each task. Safety measures, including the use of a gait belt, were maintained
throughout (Badke et al., 2004; Barak & Duncan, 2006).

6-minute walking distance (6MWD)

The 6MWD test required participants to walk at a comfortable pace for 6 min in a 30-m
corridor. The total distance covered was measured to assess walking endurance. Safety was
continuously monitored, and participants could use gait aids if needed. The test could be
repeated if any inconsistencies or interruptions occurred during the first trial (Kubo et al,
2018).

Functional ambulation categories scale (FAC)

The FAC rates walking ability on a scale from 0 (unable to walk) to 5 (fully independent). It
assesses the level of assistance required during ambulation. A score of 0 indicates that the
participant is unable to walk, while a score of 1 means that constant physical support is
needed for balance, coordination, or weight-bearing. A score of 2 is given when occasional
light touch is required for coordination or balance. Participants who can walk on even
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terrain without hands-on aid but need supervision for safety or verbal guidance receive a
score of 3. A score of 4 is assigned to those who can walk independently on flat surfaces but
require oversight for more challenging situations, such as stairs or uneven terrain. Finally,
a score of 5 indicates fully independent walking, where the participant can walk without
assistance in all situations, including navigating stairs (Mehrholz et al., 2007).

Statistical analysis

All analyses were conducted using MedCalc software (version 19.1.5, MedCalc Software
Ltd, Ostend, Belgium), with an alpha level of 0.05 for statistical significance. Group
differences in demographics were assessed using independent t-tests, chi-squared tests,
and Mann-Whitney tests. The predictive accuracy of the PASS and BBS for community
walking ability was evaluated through receiver operating characteristic (ROC) curves, with
the area under the curve (AUC) used to differentiate home and community ambulators.
AUC values were interpreted as follows: high accuracy (AUC > 0.90), moderate accuracy
(AUC 0.70-0.90), low accuracy (AUC 0.50-0.69), and random guess (AUC < 0.50)
(Greiner, Pfeiffer & Smith, 2000). Optimal cut-off scores for the BBS and PASS were
identified using Youden’s Index (sensitivity + specificity — 1) (Ruopp et al., 2008). To
enhance the robustness of the cut-off values, the bias-corrected and accelerated (BCa)
bootstrap method was applied with 1,000 iterations. Bootstrap confidence intervals were
calculated for the AUC, Youden Index, and cut-off scores to improve the reliability of the
findings. Diagnostic accuracy was further assessed using likelihood ratios (LR+ and LR-),
where higher LR+ (>10) and lower LR- (<0.1) indicated greater clinical relevance. The
interpretation of LR values was: Very useful (LR+ > 10, LR- < 0.1), moderate utility (LR+
5-10, LR- 0.1-0.2), limited utility (LR+ 2-5, LR- 0.2-0.5), and minimal utility (LR+ 1-2,
LR- 0.5-1) (Deeks ¢» Altman, 2004; Parikh et al., 2009).

RESULTS

Of the 47 participants enrolled, 46 completed both admission and discharge assessments.
One participant dropped out due to a COVID-19 infection at the time of discharge, and no
outcome was recorded. This dropout was unrelated to the study or rehabilitation program
and is unlikely to have introduced bias into the results. Thus, 46 patients completed the
study. Of these, 18 were classified as community ambulators and 28 as home ambulators.
Baseline demographic and clinical characteristics of participants are presented in Table 1.
The characteristics include variables such as age, gender, time since stroke onset, type of
stroke, affected side, number of rehabilitation sessions, and Modified Rankin Scale (mRS)
scores to reflect stroke severity. The majority of participants had moderate to severe
disability at baseline, with 47.8% at mRS level 4 and 15.2% at mRS level 5, indicating
significant functional limitations.

Mean scores for the PASS and BBS assessments showed significant differences between
community and home ambulators, with community ambulators scoring higher on both
scales. Details of the mean scores, standard deviations, and statistical comparisons are
provided in Table 2.
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Table 1 Baseline characteristics of parcipants stratified by walking ability outcome (community vs.

home ambulators).

Characteristics

Total (n = 46)

Age; (years); mean + SD

Sex; n (%)

Male

Female

Time since stroke onset; (days); median (IQR)
Type of stroke; n (%)

Ischemic stroke

Hemorrhagic stroke

Affected side; n (%)

Left

Right

Number of visits; median (IQR)
Modified Rankin Scale (mRS); 7 (%)
2

3
4
5

58.52 £ 11.16

39 (84.8%)
7 (15.2%)
75.50 (68.00-148.00)

37 (80.4%)
9 (19.6%)

20 (43.5%)
26 (56.5%)
16 (16-16)

6 (13.0%)
11 (23.9%)
22 (47.8%)
7 (15.2%)

Table 2 Comparison of Postural Assessment Scale for Stroke Patients (PASS) and Berg Balance Scale (BBS) scores between community and

home ambulators.

Community ambulators (n = 18) Home ambulators (n = 28)

Mean SD Mean SD P
PASS 32.56 2.38 21.79 6.09 [-13.81 to —7.73] <0.001*
BBS 50.78 2.16 23.43 14.75 [-34.43 to —20.27] <0.001"

Notes:
PASS, Postural Assessment Scale for Stroke Patients; BBS, Berg Balance Scale.
* Statistical significance at p < 0.05.

Both the PASS and BBS demonstrated high accuracy in predicting community walking
abilities, with AUC values of 0.955 (95% CI [0.850-0.994]) and 0.991 (95% CI
[0.906-1.000]), respectively, indicating excellent discriminative power (Fig. 1 and Table 3).
The optimal cut-off scores were >28 for PASS and >46 for BBS, both showing high
sensitivity (94.44%, 95% CI [72.7-99.9]) and specificity values of 85.71% (95% CI
[67.3-96.0]) for PASS and 96.43% (95% CI [81.7-99.9]) for BBS. The BBS had a stronger
specificity, suggesting it may be slightly more reliable for identifying community
ambulators. The positive likelihood ratios (LR+) of 6.61 (95% CI [2.65-16.49]) for PASS
and 26.44 (95% CI [3.85-181.81]) for BBS indicate that BBS has a greater utility in
confirming community ambulation. Both scales had negative likelihood ratios (LR-) below

0.1, emphasizing their effectiveness in ruling out non-community ambulators, thus
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Figure 1 Receiver operating characteristic (ROC) curves for predicting community walking ability
using the (A) Postural Assessment Scale for Stroke Patients (PASS) and (B) the Berg Balance
Scale (BBS). The ROC curve for the BBS demonstrates high predictive accuracy with an Area Under
the Curve (AUC) of 0.991, a cut-off score of 246, 94.4% sensitivity (correctly identifying community
ambulators), and 96.4% specificity (correctly identifying home ambulators). The ROC curve for the PASS
shows an AUC of 0.955, a cut-off score of 228, 94.4% sensitivity, and 85.7% specificity. Both tools
demonstrate excellent accuracy in distinguishing community from home ambulators, with AUC values
close to 1.0 indicating strong predictive performance and clinically relevant thresholds for walking ability
classification. Full-size K&l DOT: 10.7717/peerj.19322/fig-1

supporting their strong clinical decision-making utility. Further details on these metrics
can be found in Table 3.

Analysis of floor and ceiling effects showed that neither the PASS nor the BBS had
significant floor effects, with both scoring 0%. This suggests that both scales are effective in
evaluating lower levels of postural control and balance ability. The PASS had a slight
ceiling effect of 4.35%, well below the 20% threshold that would indicate a significant issue.
The BBS had no ceiling effect (0%), suggesting it may be more effective in distinguishing
higher levels of balance performance.

A pairwise comparison of ROC curves showed that the AUCs of PASS and BBS differed
by 0.04, with a standard error of 0.02. The 95% confidence interval for this difference
ranged from —0.01 to 0.08, yielding a z statistic of 1.68, which was not statistically
significant (p = 0.093). This result indicates that both instruments perform similarly in
predicting community ambulation among patients with subacute stroke after
rehabilitation. High AUC values and favorable likelihood ratios further support the utility
of PASS and BBS for predicting walking ability at discharge.

DISCUSSION
This study demonstrated that both the BBS and PASS are effective tools for predicting

walking ability at discharge in patients with subacute stroke undergoing rehabilitation,
consistent with prior research on their role in balance assessment and functional outcome
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Table 3 Area under the curve (AUC), cut-off score, sensitivity, specificity, positive likelihood ratio
(LR+), and negative likelihood ratio (LR-). AUC, cut-off score, sensitivity, specificity, LR+, and
LR- of Postural Assessment Scale for Stroke Patients (PASS) and Berg Balance Scale (BBS) for predicting
community walking in subacute stroke patients at discharge from the rehabilitation ward.

PASS

BBS

AUC

Standard error

95% CI

95% Bootstrap CI*
P-value

Youden index J

95% Bootstrap CI"
Cut-off score

95% Bootstrap CI*
True Positive (TP) (n)
True Negative (TN) (n)
False Positive (FP) (1)
False Negative (FN) (n)
Sensitivity (95% CI)
Specificity (95% CI)
LR+ (95% CI)

LR- (95% CI)

0.955

High accuracy
0.027
[0.850-0.994]
[0.859-0.991]
<0.0001*

0.802

0.575 to 0.909

> 28

> 23 to > 30

17

24

4

1

94.44 [72.7-99.9]
85.71 [67.3-96.0]
6.61 [2.65-16.49]
Moderate utility
0.07 [0.01-0.44]

0.991
High accuracy
0.008

[0.906-1.000]
[0.945-1.000]
<0.0001°*
0.909

0.750 to 0.964
> 46

> 45 to > 49
17

27

1

1

94.44 [72.7-99.9]
96.43 [81.7-99.9]
26.44 [3.85-181.81]
Very useful

0.06 [0.01-0.39]

Very useful Very useful

Notes:
AUC, Area under the curve (AUC); LR+, positive likelihood ratio; LR-, negative likelihood ratio; PASS, Postural
Assessment Scale for Stroke Patients; BBS, Berg Balance Scale (BBS).
* Statistical significance at p < 0.05.
* Bias-corrected and accelerated (BCa) bootstrap confidence interval (1,000 iterations; random number seed: 978).
Bold values indicate key diagnostic interpretations.

prediction. While both tools demonstrated high overall accuracy, the BBS showed slightly
higher specificity. This specificity can be attributed to its inclusion of advanced balance
tasks that assess critical balance and coordination abilities necessary for community
ambulation.

The BBS, with its high specificity (93.33%) and a robust LR+ of 26.44, was particularly
effective at identifying community ambulators. Patients scoring above the cut-off of 46
were 26 times more likely to achieve community ambulation, highlighting the BBS as a
valuable clinical tool. This specificity can be attributed to the advanced balance tasks
included in the BBS, which assess critical balance and coordination abilities necessary for
community ambulation (Kim ¢ Oh, 2023). For instance, tandem stance challenges the
patient’s ability to maintain balance with a narrow base of support, mimicking scenarios
such as walking in crowded spaces. Similarly, single-leg stance requires significant lower
limb strength and trunk control, which are crucial for tasks like stair climbing or
recovering from balance disturbances (Delfa-de-la-Morena et al., 2024; Labanca et al.,
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2021). These tasks collectively provide a comprehensive evaluation of both static and
dynamic balance abilities, making the BBS highly effective for identifying community
ambulators. However, these advanced tasks may also lead to floor effects, limiting the
BBS’s applicability for patients with severe impairments.

In contrast, the PASS focuses on fundamental postural control and includes tasks such
as sitting without support, rolling, and transitioning from sitting to standing (Estrada-
Barranco et al., 2021). These foundational tasks are particularly effective for evaluating
patients with severe impairments, as they target core stability and postural control essential
for recovery, including those in the early subacute phase (1 week to 3 months post-stroke)
when neuroplasticity is heightened. For example, the “rolling” task assesses the ability to
initiate movement and maintain control while changing positions, which is critical in the
early recovery stages. “Sitting without support” measures core stability, enabling patients
to safely perform seated tasks and progress to more advanced activities. Additionally,
“transitioning from sitting to standing” evaluates lower limb strength and balance, a key
milestone in regaining mobility. The inclusion of such basic tasks makes PASS sensitive to
capturing small but clinically meaningful improvements in balance. Moreover, tasks like
“standing without support” and “standing on one leg” allow the PASS to assess more
advanced postural skills, bridging early and moderate recovery stages.

The findings from this study are consistent with previous research, including Louie ¢
Eng (2018), who also demonstrated the predictive value of the BBS for walking
improvement in patients with stroke. However, our study offers several novel
contributions compared to their work. Employing a prospective design, our research
enabled real-time data collection and monitoring of patients with stroke during their
rehabilitation journey, reducing biases inherent in retrospective analyses and
strengthening predictive validity. Unlike Louie and Eng’s study, which evaluated only the
BBS, we directly compared the BBS and PASS, providing a head-to-head assessment of two
commonly used tools to predict walking ability at discharge. This dual assessment offers
clinicians a more comprehensive understanding of the relative effectiveness of each tool
and their applicability for patients with varying functional levels. Furthermore, we used a
combined outcome measure of the 6 MWD and FAC at discharge to classify community
walkers, integrating both endurance and functional mobility to provide a more nuanced
understanding of walking readiness—factors not addressed in Louie and Eng’s study.

Compared to Wang, Chen & Wang (2022), our study provides a more immediate
evaluation of walking ability. Wang, Chen ¢» Wang (2022) assessed walking status 3
months post-stroke using telephone interviews, a method that, while valuable, is limited by
its reliance on subjective reporting and delayed outcome collection. By contrast, our study
assessed walking ability at discharge using objective measures, including the 6 MWD and
FAC. This approach offers a real-time assessment of walking capability, which is critical for
tailoring post-discharge care plans and predicting readiness for community ambulation.
Furthermore, Wang, Chen ¢ Wang (2022) emphasized the correlation between PASS
scores at admission and walking status at 3 months post-stroke, underscoring the
importance of early balance assessments. Our findings expand on this by directly
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comparing PASS with BBS and highlighting their complementary roles across different
recovery stages.

We also addressed concerns regarding ceiling and floor effects for these scales. While
earlier research reported such effects for both PASS and BBS (Benaim et al., 1999; Blum ¢
Korner-Bitensky, 2008; Mao et al., 2002), we found no significant floor effects for either tool
(0%). The PASS had a slight ceiling effect (4.35%), well below the 20% threshold of
concern, whereas the BBS had no ceiling effect. These findings suggest that both scales
effectively measure a wide range of abilities, with the BBS offering a slight advantage in
distinguishing higher levels of balance performance. The absence of significant floor effects
highlights the suitability of these tools for severely impaired patients, particularly the
PASS, while the minimal ceiling effects ensure their utility in capturing progress across
recovery stages.

In clinical practice, the choice between PASS and BBS should be guided by the patient’s
recovery stage and functional ability. PASS’s simplicity and minimal equipment
requirements make it ideal for resource-limited settings or for evaluating patients with
severe impairments and early subacute phase of stroke survivors. The trunk control items
of the PASS (Item 1: sitting without support, Item 6: supine to affected side lateral, Item 7:
supine to non-affected side lateral, Item 8: supine to sitting up on the edge of the table, and
Item 9: sitting on the edge of the table to supine) have been shown to predict activities of
daily living (ADL) function 1 year after stroke (Wang et al., 2005). However, the
PASS-Trunk Control (PASS-TC) exhibited a notable ceiling effect at 30% of the sample
and had limited responsiveness beyond the first 30 days post-stroke, suggesting that it is
most effective for early recovery assessment rather than long-term evaluation. In contrast,
the BBS provides a more detailed assessment of balance abilities required for community
ambulation and may be better suited for discharge planning or outpatient rehabilitation.
Together, these tools offer a continuum of assessment: PASS is effective for capturing early
recovery progress, while BBS is more appropriate for evaluating readiness for community
ambulation. The assessment of trunk balance using the PASS can detect small but clinically
meaningful changes in postural control, even in patients with severe impairments or highly
deteriorated postural control. Their sequential use allows clinicians to tailor rehabilitation
strategies to individual patient needs, optimizing outcomes.

Our study closed a gap in previous research by directly comparing PASS and BBS in the
subacute phase of stroke recovery upon discharge from rehabilitation. This head-to-head
comparison highlights the practical implications of our findings, emphasizing both tools’
effectiveness. Although the BBS showed slightly better performance with a higher LR+
(26.44) than PASS (6.61), PASS’s ease of use and shorter administration time (10-15 min)
make it a practical choice in clinical settings where time efficiency is crucial. In contrast,
the BBS requires 20-30 min to administer, which may be less convenient in busy
environments.

Strengths and limitations
The prospective cohort design of this study reduced biases and allowed for precise tracking
of changes over time, offering a clearer observation of outcomes. Using the FAC and
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6MWD tests at discharge provided objective assessments of community walking.
Comparing the PASS and BBS offered insights into their practical applications and
effectiveness in predicting community ambulation in patients with subacute stroke.
However, this study was conducted at a single rehabilitation hospital, which may limit the
generalizability of the findings to other rehabilitation settings. One limitation of this study
is the exclusion of the Mini-BESTest, which is widely used to assess dynamic balance and
fall risk. Unlike PASS, which is tailored for stroke rehabilitation, Mini-BESTest evaluates
multiple balance components, including anticipatory and reactive postural control, which
may provide additional insights into functional mobility. While PASS was chosen due to
its specificity in postural control assessment for patients with stroke, future studies should
incorporate Mini-BESTest to explore its predictive accuracy in post-stroke ambulatory
outcomes. Moreover, results specific to subacute stroke may not apply to other recovery
stages. Longer follow-up studies could better assess the sustainability of walking abilities
over time.

CONCLUSIONS

The high predictive accuracy of the PASS and BBS suggests that clinicians can effectively
use these tools to evaluate and predict community walking ability after rehabilitation.
Cut-off scores of >28 for PASS and >46 for BBS distinguish between those likely to achieve
community ambulation and those suited for home ambulation. The PASS’s ease of use
makes it ideal for quick assessments, while the BBS’s higher LR+ and accuracy support its
use for more detailed evaluations. Clinicians should consider patient needs and clinical
context when selecting the most appropriate tool to optimize rehabilitation outcomes.

ACKNOWLEDGEMENTS

The authors acknowledge the use of artificial intelligence (AI), specifically OpenATI’s
ChatGPT, for improving the clarity and language of the manuscript. The Al tool was used
solely for language refinement, and all scientific content, data analysis, and conclusions
remain the responsibility of the authors.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported by the 90th Anniversary of Chulalongkorn University Fund
(Ratchadaphiseksomphot Endowment Fund). The funders had no role in study design,
data collection and analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:

90th Anniversary of Chulalongkorn University Fund (Ratchadaphiseksomphot
Endowment Fund).

Competing Interests
The authors declare that they have no competing interests.

Worraridthanon et al. (2025), PeerdJ, DOI 10.7717/peerj.19322 12/15


http://dx.doi.org/10.7717/peerj.19322
https://peerj.com/

Peer/

Author Contributions

 Chutipa Worraridthanon conceived and designed the experiments, performed the
experiments, analyzed the data, authored or reviewed drafts of the article, and approved
the final draft.

 Maria Justine analyzed the data, authored or reviewed drafts of the article, and approved
the final draft.

o Akkradate Siriphorn conceived and designed the experiments, analyzed the data,
prepared figures and/or tables, authored or reviewed drafts of the article, and approved
the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The Sirindhorn National Medical Rehabilitation Institute’s Subcommittee on Human
Research Ethics

Data Availability
The following information was supplied regarding data availability:
The raw measurements are available in the Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.19322#supplemental-information.

REFERENCES

Alvarenga MT, Avelino PR, De Menezes KK, Texeira-Salmela LF, Faria CD, Scianni AA. 2023.
Deficits in dynamic balance were the motor impairments that best explained limitations in
community ambulation after stroke. European Journal of Physical and Rehabilitation Medicine
59(2):111 DOI 10.23736/S1973-9087.23.07687-6.

Badke MB, Shea TA, Miedaner JA, Grove CR. 2004. Outcomes after rehabilitation for adults with
balance dysfunction. Archives of Physical Medicine and Rehabilitation 85(2):227-233
DOI 10.1016/j.apmr.2003.06.006.

Barak S, Duncan PW. 2006. Issues in selecting outcome measures to assess functional recovery
after stroke. NeuroRx 3(4):505-524 DOI 10.1016/j.nurx.2006.07.009.

Benaim C, Pérennou DA, Villy J, Rousseaux M, Pelissier JY. 1999. Validation of a standardized
assessment of postural control in stroke patients: the Postural Assessment Scale for Stroke
Patients (PASS). Stroke 30(9):1862-1868 DOI 10.1161/01.STR.30.9.1862.

Bernhardt J, Hayward KS, Kwakkel G, Ward NS, Wolf SL, Borschmann K, Krakauer JW,
Boyd LA, Carmichael ST, Corbett D, Cramer SC. 2017. Agreed definitions and a shared vision
for new standards in stroke recovery research: the stroke recovery and rehabilitation roundtable
taskforce. International Journal of Stroke 12(5):444-450 DOI 10.1177/1747493017711816.

Blum L, Korner-Bitensky N. 2008. Usefulness of the berg balance scale in stroke rehabilitation: a
systematic review. Physical Therapy 88(5):559-566 DOI 10.2522/ptj.20070205.

Chien CW, Hu MH, Tang PF, Sheu CF, Hsieh CL. 2007. A comparison of psychometric
properties of the smart balance master system and the postural assessment scale for stroke in

Worraridthanon et al. (2025), PeerdJ, DOI 10.7717/peerj.19322 13/15


http://dx.doi.org/10.7717/peerj.19322#supplemental-information
http://dx.doi.org/10.7717/peerj.19322#supplemental-information
http://dx.doi.org/10.7717/peerj.19322#supplemental-information
http://dx.doi.org/10.23736/S1973-9087.23.07687-6
http://dx.doi.org/10.1016/j.apmr.2003.06.006
http://dx.doi.org/10.1016/j.nurx.2006.07.009
http://dx.doi.org/10.1161/01.STR.30.9.1862
http://dx.doi.org/10.1177/1747493017711816
http://dx.doi.org/10.2522/ptj.20070205
http://dx.doi.org/10.7717/peerj.19322
https://peerj.com/

Peer/

people who have had mild stroke. Archives of Physical Medicine and Rehabilitation
88(3):374-380 DOI 10.1016/j.apmr.2006.11.019.

Deeks JJ, Altman DG. 2004. Diagnostic tests 4: likelihood ratios. BMJ 329(7458):168-169
DOI 10.1136/bmj.329.7458.168.

Delfa-de-la-Morena JM, Paes PP, de Oliveira DPL, Junior FC, Lima BDM, Garcia-Gonzalez M,
Mijarra-Murillo J-J, Riquelme-Aguado V. 2024. Single-leg balance and lower limb strength:
quantitative analysis with the balance master system. Journal of Functional Morphology and
Kinesiology 9(4):282 DOI 10.3390/jfmk9040282.

Dos Santos RB, Fiedler A, Badwal A, Legasto-Mulvale JM, Sibley KM, Olaleye OA, Diermayr G,
Salbach NM. 2023. Standardized tools for assessing balance and mobility in stroke clinical
practice guidelines worldwide: a scoping review. Frontiers in Rehabilitation Sciences 4:1084085
DOI 10.3389/fresc.2023.1084085.

Estrada-Barranco C, Cano-de-la-Cuerda R, Abuin-Porras V, Molina-Rueda F. 2021. Postural
assessment scale for stroke patients in acute, subacute and chronic stage: a construct validity
study. Diagnostics 11(2):365 DOI 10.3390/diagnostics11020365.

Fulk GD, He Y. 2018. Minimal clinically important difference of the 6-Minute walk test in people
with stroke. Journal of Neurologic Physical Therapy 42(4):235-240
DOI 10.1097/NPT.0000000000000236.

Fulk GD, He Y, Boyne P, Dunning K. 2017. Predicting home and community walking activity
poststroke. Stroke 48(2):406-411 DOI 10.1161/STROKEAHA.116.015309.

Greiner M, Pfeiffer D, Smith RD. 2000. Principles and practical application of the
receiver-operating characteristic analysis for diagnostic tests. Preventive Veterinary Medicine
45(1-2):23-41 DOI 10.1016/S0167-5877(00)00115-X.

Huang Y], Lin GH, Lee SC, Hsieh CL. 2020. A comparison of the responsiveness of the postural
assessment scale for stroke and the berg balance scale in patients with severe balance deficits
after stroke. Journal of Geriatric Physical Therapy 43(4):194-198
DOI 10.1519/JPT.0000000000000247.

Huang YC, Wang WT, Liou TH, Liao CD, Lin LF, Huang SW. 2016. Postural assessment scale
for stroke patients scores as a predictor of stroke patient ambulation at discharge from the
rehabilitation ward. Journal of Rehabilitation Medicine 48(3):259-264
DOI 10.2340/16501977-2046.

Inoue S, Takagi H, Tan E, Oyama C, Otaka E, Kondo K, Otaka Y. 2023. Comparison of
usefulness between the Mini-Balance Evaluation Systems Test and the Berg Balance Scale for
measuring balance in patients with subacute stroke: a prospective cohort study. Frontiers in
Rehabilitation Sciences 4:1308706 DOI 10.3389/fresc.2023.1308706.

Katan M, Luft A. 2018. Global burden of stroke. Seminars in Neurology 38(2):208-211
DOI 10.1055/s-0038-1649503.

Kim DK, Oh DW. 2023. Investigation of walking tasks experienced by community-living
individuals with chronic stroke using a validated community ambulation survey. Disability and
Rehabilitation 45(2):252-259 DOI 10.1080/09638288.2022.2030417.

Kubo H, Nozoe M, Yamamoto M, Kamo A, Noguchi M, Kanai M, Mase K, Shimada S. 2018.
Safety and feasibility of the 6-minute walk test in patients with acute stroke. Journal of Stroke and
Cerebrovascular Diseases 27(6):1632-1638 DOI 10.1016/j.jstrokecerebrovasdis.2018.01.017.

Labanca L, Ghislieri M, Knaflitz M, Barone G, Bragonzoni L, Agostini V, Benedetti MG. 2021.
Muscle synergies for the control of single-limb stance with and without visual information in
young individuals. BMC Sports Science, Medicine and Rehabilitation 13:1611
DOI 10.1186/513102-021-00392-z.

Worraridthanon et al. (2025), PeerdJ, DOI 10.7717/peerj.19322 14/15


http://dx.doi.org/10.1016/j.apmr.2006.11.019
http://dx.doi.org/10.1136/bmj.329.7458.168
http://dx.doi.org/10.3390/jfmk9040282
http://dx.doi.org/10.3389/fresc.2023.1084085
http://dx.doi.org/10.3390/diagnostics11020365
http://dx.doi.org/10.1097/NPT.0000000000000236
http://dx.doi.org/10.1161/STROKEAHA.116.015309
http://dx.doi.org/10.1016/S0167-5877(00)00115-X
http://dx.doi.org/10.1519/JPT.0000000000000247
http://dx.doi.org/10.2340/16501977-2046
http://dx.doi.org/10.3389/fresc.2023.1308706
http://dx.doi.org/10.1055/s-0038-1649503
http://dx.doi.org/10.1080/09638288.2022.2030417
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2018.01.017
http://dx.doi.org/10.1186/s13102-021-00392-z
http://dx.doi.org/10.7717/peerj.19322
https://peerj.com/

Peer/

Lee JJ. 2019. Lower limb impairments after stroke. In: Stroke Rehabilitation. Amsterdam,
Netherlands: Elsevier, 123-132.

Lee J-W, Sohn MK, Lee J, Kim DY, Shin Y-I, Oh G-J, Lee Y-S, Joo MC, Lee SY, Han J, Ahn J,
Kim Y-H, Song M-K, Chang WH. 2024. Predictors of burden for first-ever stroke survivor’s
long-term caregivers: a study of KOSCO. Medicina 60(4):559 DOI 10.3390/medicina60040559.

Louie DR, Eng JJ. 2018. Berg Balance Scale score at admission can predict walking suitable for
community ambulation at discharge from inpatient stroke rehabilitation. Journal of
Rehabilitation Medicine 50(1):37-44 DOI 10.2340/16501977-2280.

Mao HF, Hsueh IP, Tang PF, Sheu CF, Hsieh CL. 2002. Analysis and comparison of the
psychometric properties of three balance measures for stroke patients. Stroke 33(4):1022-1027
DOI 10.1161/01.STR.0000012516.63191.C5.

Mehrholz ], Wagner K, Rutte K, Meissner D, Pohl M. 2007. Predictive validity and
responsiveness of the functional ambulation category in hemiparetic patients after stroke.
Archives of Physical Medicine and Rehabilitation 88(10):1314-1319
DOI 10.1016/j.apmr.2007.06.764.

Parikh R, Parikh S, Arun E, Thomas R. 2009. Likelihood ratios: clinical application in day-to-day
practice. Indian Journal of Ophthalmology 57(3):217-221 DOI 10.4103/0301-4738.49397.

Preston E, Ada L, Stanton R, Mahendran N, Dean CM. 2021. Prediction of independent walking
in people who are nonambulatory early after stroke: a systematic review. Stroke
52(10):3217-3224 DOI 10.1161/STROKEAHA.120.032345.

Ruopp MD, Perkins NJ, Whitcomb BW, Schisterman EF. 2008. Youden Index and optimal
cut-point estimated from observations affected by a lower limit of detection. Biometrical Journal
50(3):419-430 DOI 10.1002/bim;j.200710415.

Tsang CSL, Liao L-R, Chung RCK, Pang MYC. 2013. Psychometric properties of the
mini-balance evaluation systems test (Mini-BESTest) in community-dwelling individuals with
chronic stroke. Physical Therapy 93(8):1102-1115 DOI 10.2522/ptj.20120454.

Wang CY, Chen YC, Wang CH. 2022. Postural maintenance is associated with walking ability in
people receiving acute rehabilitation after a stroke. Physical Therapy 102(4):224
DOI 10.1093/ptj/pzab309.

Wang C-H, Hsueh IP, Sheu C-F, Hsieh C-L. 2005. Discriminative, predictive, and evaluative
properties of a trunk control measure in patients with stroke. Physical Therapy 85(9):887-894
DOI 10.1093/ptj/85.9.887.

Yoshimoto Y, Oyama Y, Tanaka M, Sakamoto A. 2016. One-leg standing time of the affected side
moderately predicts for postdischarge falls in community stroke patients. Journal of Stroke and
Cerebrovascular Diseases 25(8):1907-1913 DOI 10.1016/j.jstrokecerebrovasdis.2016.03.032.

Worraridthanon et al. (2025), PeerdJ, DOI 10.7717/peerj.19322 15/15


http://dx.doi.org/10.3390/medicina60040559
http://dx.doi.org/10.2340/16501977-2280
http://dx.doi.org/10.1161/01.STR.0000012516.63191.C5
http://dx.doi.org/10.1016/j.apmr.2007.06.764
http://dx.doi.org/10.4103/0301-4738.49397
http://dx.doi.org/10.1161/STROKEAHA.120.032345
http://dx.doi.org/10.1002/bimj.200710415
http://dx.doi.org/10.2522/ptj.20120454
http://dx.doi.org/10.1093/ptj/pzab309
http://dx.doi.org/10.1093/ptj/85.9.887
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2016.03.032
http://dx.doi.org/10.7717/peerj.19322
https://peerj.com/

	Comparing the Postural Assessment Scale for Stroke and Berg Balance Scale for predicting community walking ability at discharge in subacute stroke: a prospective cohort study ...
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


