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T mary outcome was the agreement rate between the algorithm-recommended

device and the orthosis actually prescribed, which served as a benchmark for
evaluating the prescription’s alignment with the patient’s physical status. Sta-
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tistical analysis was performed using the chi-square test. Results: The agree-
ment rate between the algorithm-recommended and actually prescribed or-
thoses was higher in the face-to-face assessment group (61.5%) than in the
document-based prescription group (25.0%). Among cases in which the same
orthosis was re-prescribed without modification, the agreement rate in the
document-based prescription group was only 16.7%, indicating that changes
in physical function were often overlooked. Conclusions: Document-based
AFO prescription by non-specialists carries a high risk of mismatch with the
patient’s physical condition. Even in settings with limited access to specialists,
introducing an objective decision-support tool—such as the present algo-
rithm—into clinical practice may help ensure orthosis prescription quality.
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1. Introduction

Cerebrovascular disease (CVD) is a major health problem in Japan, with the num-
ber of affected individuals estimated at approximately 1.975 million [1]. Following
the onset of CVD, unilateral paralysis of the upper and lower extremities fre-
quently occurs, markedly affecting activities of daily living and walking ability [2]
[3]. Therefore, depending on the stage of rehabilitation, lower-limb orthoses, par-
ticularly ankle-foot orthoses (AFOs) and knee-ankle-foot orthoses (KAFOs), are
often required to support gait training and activities of daily living [4]. Recent
systematic reviews have confirmed that AFOs significantly improve functional
outcomes, including balance and walking speed, in stroke survivors [5]. Further-
more, clinical practice guidelines emphasize that since recovery and physical
changes can occur at any stage, regular reassessment of AFOs is essential through-
out the chronic phase to maintain these benefits [6].

During the acute and subacute (recovery) phases, patients with severe paralysis
typically begin gait training using a KAFO, with transition to an AFO recom-
mended as physical functions such as muscle strength and balance improve [3].
In contrast, this study focuses on the chronic phase, defined as the period starting
six months after the onset of stroke, during which time patients have typically
been discharged to the community [7] [8]. During this phase, some patients show
improvements in walking ability due to neural recovery and increased muscle
strength and balance on the non-paretic side [7] [8]. However, many patients walk
with knee hyperextension on the paretic side or develop progressive equinovarus
deformity of the ankle, which may lead to long-term failure of knee extension
control mechanisms and foot deformities [9]-[12]. In addition, gait instability in-
creases are associated with age-related declines in muscle strength [13] [14].

To address changes in physical function after discharge, the appropriate selection

of lower-limb orthoses based on lower-extremity function remains important, even
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in the chronic phase, and regular assessment and adjustment are necessary. How-
ever, globally, patients in the chronic phase often face challenges in accessing spe-
cialized prosthetics and orthotics clinics on a regular basis because of geographical
and economic constraints.

In Japan, under the public funding system for daily-life orthoses (assistive de-
vices), two contrasting prescription models have emerged, reflecting the tension
between “specialization” and “access.” The first model, known as “direct judg-
ment,” involves a face-to-face evaluation at a Rehabilitation Consultation Center
for Persons with Disabilities. A specialized team—including a physician certified
in prosthetic and orthotic assessment, prosthetist/orthotist, and physical thera-
pist—evaluates the patient’s overall function and usage environment and may use
trial orthoses when necessary to determine the most appropriate device on site
[15]. This model represents a “specialist face-to-face assessment.”

The second model, known as “document judgment,” is applied when “direct
judgment” at the consultation center is difficult because of geographical condi-
tions or transportation limitations. In this model, a physician at a nearby hospital
or clinic conducts the evaluation, prepares an orthosis prescription in written
form, and submits it to the consultation center, which then makes its decision
based on the documents alone [15]. This corresponds to a “non-specialist, paper-
based prescription” by primary care physicians or non-specialists and can be con-
sidered an access-prioritized model.

In the “document judgment” model, many prescribing physicians are not reha-
bilitation specialists and often lack sufficient specialized knowledge and practical
experience with prosthetics and orthotics. Based on internal data from Kyoto Pre-
fecture, 20% of cases are evaluated via direct judgment, whereas 80% are managed
through document judgment; among these, only 14% are prescribed by rehabili-
tation physicians. Furthermore, 90% of physicians prescribe orthoses in only one
or two cases per year. Prosthetists and orthotists have noted that the same type of
therapeutic orthosis used during hospitalization is often prescribed again. Under
the document judgment model, many orthoses do not match the current physical
condition of the patient. In fact, in 20% of document judgment cases, the pre-
scribed orthosis is identical to the one previously used.

There is a certain level of evidence regarding methods of orthosis selection dur-
ing the acute and recovery phases [4]. However, reports on orthosis selection in
the chronic phase remain limited [6]. Against this background, we hypothesized
that orthoses selected through specialist face-to-face assessment (direct judgment)
would be well matched to the physical status of patients, whereas paper-based pre-
scriptions by largely non-specialist physicians (document judgment) would more
likely overlook changes in physical function and, thus, carry a higher risk of inap-
propriate orthosis prescription.

We have previously developed an algorithm—which evaluates physical status
using six items and determines the optimal orthosis—for patients with CVD in

the chronic phase and reported its effectiveness. Using this algorithm, we con-
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firmed that an orthosis appropriate to physical status could be proposed for 90%
of patients [14]. However, when actual prescription outcomes—considering envi-
ronmental and psychological factors—were examined, 25% of patients preferred
an orthosis that did not match their current physical condition because of factors
such as insufficient rehabilitation environments or reluctance to change to a new
orthosis. Consequently, only 65% of patients received an orthosis that matched
their physical status [14]. In other words, the use of this algorithm may enable
even facilities with little experience in orthosis prescription to select orthoses that
match the physical conditions of patients.

This study aimed to compare the rate of agreement with a physiologically based
evaluation algorithm between these two prescription models as a measure of po-
tential suitability, and to objectively clarify both the importance of specialist in-

volvement and challenges associated with the current prescription system.

2. Subjects and Methods

This study included patients with CVD who visited the Kyoto Prefectural Reha-
bilitation Consultation Center for Persons with Disabilities and received an or-
thosis through specialist face-to-face assessment (direct judgment), or were pre-
scribed an orthosis at other facilities through paper-based prescription by non-
specialist physicians (document judgment) between April 2024 and October 2025.
All eligible cases during this recruitment period were enrolled consecutively. Eli-
gible cases were those able to walk using an AFO. This study was approved in
advance by the Ethics Committee of the Rehabilitation Hospital attached to the
Kyoto Prefectural Center for Welfare of Persons with Physical and Mental Disa-
bilities (approval number: RBMR 202201). All patients were informed about the
study and provided written informed consent prior to participation. The sample
size was determined based on a significance level of a = 0.05 and statistical power
of 80% (f = 0.2), calculated using pilot survey results. The number of cases re-
quired to compare the primary outcome was 34 in total: 24 in the direct judgment
group and 10 in the document judgment group.

Patient information collected included age, sex, paretic side, type of CVD, date
of onset, type of orthosis previously used, and walking ability.

To determine whether an AFO appropriate to the physical status of the patient
had been prescribed, we used the algorithm we previously developed [16]. The
algorithm consists of five questions, and based on the responses, the appropriate
orthosis can be determined (Figure 1). Our previous study reported that the algo-
rithm can identify an orthosis that matches physical status in 90% of patients, and
its validity has been confirmed [16]. However, in 25% of cases, an orthosis differ-
ent from that recommended by the algorithm is prescribed because of external
factors, such as a patient’s preference to continue using a previously prescribed
orthosis. In other words, by using this algorithm, an orthosis that matches physi-
cal status can be prescribed in 65% of patients [16].

In the face-to-face assessment group (direct judgment), the algorithm was
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Flowchart developed to determine the optimal ankle-foot orthosis based on the physiological and physical functions of patients with

cerebrovascular disease. The algorithm incorporates the clinical assessments such as “single-leg stance on the paretic side with the

knee in flexion” and “heel contact during gait,” and is designed to enable standardized orthosis selection, including use by non-

specialist physicians. Adapted from Imai et al [16].

Figure 1. Ankle-foot orthosis selection algorithm.

actively utilized during the evaluation process to determine the orthosis most ap-
propriate for the patient’s current physical status. If the result matched the ortho-
sis the patient had been using, the same device was continued. If the orthosis rec-
ommended based on physical status differed from the one currently in use, several
orthoses—centered on the recommended type—were trialed. In the direct judg-
ment group, after the specialized team’s evaluation and the algorithm-guided se-
lection, a demonstration was conducted using the candidate orthosis. During this
process, we collected the patient’s subjective feedback on “ease of walking” to en-
sure the prescription’s clinical feasibility. In contrast, for the document judgment
group, this subjective assessment of walking ease through demonstration was not
performed, as the prescription was based solely on written documentation.

In the paper-based prescription group (document judgment), the prescribing
physician ordered the orthosis deemed appropriate, which was then fabricated
based on the prescription of the physician. At the time of casting for the orthosis,
the prosthetist/orthotist evaluated the five items listed on the questionnaire form
(Table 1). In contrast, in the paper-based prescription group (document judg-
ment), neither the prescribing physicians nor the prosthetists/orthotists were pro-
vided with the algorithm during the prescription process, ensuring that their de-
cisions were made based on standard clinical practice without the influence of the

tool. This design allowed for a comparative analysis between an algorithm-guided
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specialist assessment and a non-specialist, paper-based model that operates inde-
pendently of the algorithm.

Table 1. Assessment items used for orthosis determination. Adapted from Imai et al [17].

1 Ability to ambulate (able/unable)

2 Ability to perform single-leg stance on the paretic side with the knee in flexion
(able/unable)

Use of an orthosis is permitted; performance is considered possible in the absence of
giving way

3 Presence of rocker function at initial contact (present/absent)
4 Degree of knee hyperextension during gait (none/mild/severe)

*If braking cannot be achieved with the non-articulated plastic AFO, classify as severe
5 Degree of equinovarus deformity (none/mild/severe)

*If the entire plantar surface cannot make contact with the ground during weight-
bearing in standing without an orthosis, classify as severe.

Based on the questionnaire data obtained in the document judgment group, we
applied the algorithm to determine the orthosis appropriate to the physical status
of the patients and compared this with the orthosis actually prescribed to calculate
the agreement rate. We also examined whether the current orthosis differed from
the previous one, and whether this change was associated with appropriate pre-
scription.

Statistical analysis for the primary outcome was performed using the chi-square
test to compare the agreement rates between the two groups. To compare baseline
characteristics, Student’s t-test was used for age and time since onset, the chi-
square test for stroke subtypes, and the Mann-Whitney U test for the types of or-
thoses previously used. Effect size for the agreement rate was evaluated using Cra-
mér’s V, with associations interpreted as strong (0.5 - 1.0), moderate (0.25 - 0.5),

or weak (0.1 - 0.25). The level of statistical significance was set at p < 0.05.

3. Results

During the study enrollment period, cases that met the eligibility criteria were in-
cluded. Consequently, the final analysis comprised 42 cases: 26 in the direct judg-
ment group and 16 in the document judgment group. This sample size exceeded
the initially calculated requirement, indicating that sufficient statistical power was
achieved to evaluate the validity of the study results.

Regarding baseline characteristics, there were no significant differences be-
tween the direct judgment and document-based prescription groups in terms of
age (65.1 + 12.6 vs. 62.0 £ 15.1 years), time since onset (12.6 £ 10.9 vs. 16.4 + 16.0
years), or stroke subtype (p = ns). Furthermore, the types of orthoses previously
used did not differ significantly between the two groups (Table 2). These results

indicate that the baseline functional and demographic backgrounds were com-
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parable, minimizing the potential for these factors to confound the subsequent

group comparisons.

Table 2. Patient characteristics.

Direct Document-
irec
based p value
assessment
assessment
age 65.1+12.6 62.0+15.1 ns
time since onset 12.6 £+10.9 16.4 +16.0 ns
stroke subtype cerebral infarction 19 11 ns
cerebral hemorrhage 7 4
unknoun 0 1
previous orthosis use GSD 3 1 ns
short type plastic AFO 3 3
Free-motion non-articulated 4 5
plastic AFO
Non-articulated plastic AFO 12 9
Double uprights 5 1

Values are expressed as mean + SD or number of patients. ns: not significant (p > 0.05 by
chi-square test or Student’s t-test).

In the direct judgment group, 24 of 26 patients (92.3%) subjectively reported
that the orthosis was “easy to walk with” when it matched the algorithm at the
time of assessment. Regarding patient-reported outcomes in the direct judgment
group, the demonstration and subsequent feedback collection revealed that all pa-
tients who transitioned to the algorithm-recommended orthosis reported it was
“easy to walk with.” Note that this subjective assessment was specific to the direct
judgment group and was not evaluated in the document judgment group. There-
fore, this result is presented as supplemental evidence of patient satisfaction
within the face-to-face assessment model. The agreement rate between the actu-
ally prescribed orthosis (including the influence of external factors) and the or-
thosis determined by the algorithm was 61.5% in the direct judgment group and
25.0% in the document judgment group, showing a significant difference between
the two groups (p = 0.02). The effect size, assessed using Cramér’s V, was 0.36,
indicating a moderate association (Table 3).

The orthosis change rate was 23.1% in the direct judgment group and 25.0% in
the document judgment group. Among cases in which the orthosis was changed,
the proportion in which the prescribed orthosis matched physical status according
to the algorithm was 66.7% and 50.0% in the direct and document judgment groups,
respectively (Table 4). In the direct judgment group, two cases in which the algo-
rithm-recommended orthosis based on physical status matched were observed;

however, the actually prescribed orthosis was judged as mismatched. In one of these
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cases, gait ability had been improving with rehabilitation, and it was predicted that
walking with a lighter orthosis would become possible in the future; therefore, an

orthosis different from that recommended by the algorithm was selected.

Table 3. Agreement rate between algorithm-based determination and actual prescription
in the direct and document judgment groups.

. Agreement External factors
Match Mismatch

rate (mismatch)
Direct assessment 16 10 61.5% 8
Document-based assessment 4 12 25.0%

p = 0.0213083; Cramér’s V = 0.35528 middle.

Table 4. Agreement rate in cases where the orthosis was changed.

Match > Match >  Mismatch > Mismatch >

Match Mismatch Match Mismatch
Direct Change 6 0 2 4 0
assessment  No change 20 12 0 0 8
Match > Match >  Mismatch > Mismatch >
Match Mismatch Match Mismatch
Document-  Change 4 0 2 2 0
based
assessment NO change 12 2 0 0 10

In contrast, among cases in which the orthosis was not changed, the agreement
rate was 60.0% and 16.7% in the direct and document judgment groups, respec-
tively, showing a significant difference between the two groups (p = 0.02) (Table
5). When examining the eight “no change-mismatch” cases in the direct judgment
group, seven cases were due to the reluctance of the patient to change because of
long-term familiarity with the existing orthosis. The remaining case involved a
patient with marked equinovarus deformity who, although indicated for a double-
upright AFO, selected a non-articulated plastic AFO because of challenges with
independent donning and doffing. Among the ten “no change-mismatch” cases
in the document judgment group, six were prescribed orthoses intended for more
severe cases than those recommended by the algorithm based on physical status.
In the remaining four cases, orthoses intended for milder cases than those recom-

mended by the algorithm were selected.

Table 5. Agreement rate in cases where the orthosis was not changed.

Match Mismatch
Direct assessment 12 8
Document based assessment 2 10

p = 0.0167465; Cramér’s V = 0.42289 middle.
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4. Discussion

This study aimed to use an algorithm to clarify how accurately AFOs appropriate
to the physical status of patients with CVD are prescribed under the paper-based
prescription (document judgment) model, which is often implemented in facili-
ties with limited experience in orthosis prescription.

The analysis demonstrated that the agreement rate between the algorithm-rec-
ommended orthosis and the orthosis actually prescribed was significantly higher
in the face-to-face assessment group (direct judgment: 61.5%) than in the paper-
based prescription group (document judgment: 25.0%). While it must be
acknowledged that the direct judgment group’s use of the algorithm during the
assessment phase inherently predisposes that group to a higher agreement rate,
the results still highlight a significant discrepancy. This result supports the hy-
pothesis that paper-based prescriptions by non-specialists are more likely to di-
verge from the standards established by the evaluation algorithm, and suggests
that in facilities with limited prescription experience, discrepancies from these al-
gorithm-based recommendations may have become routine.

The most important finding of this study is the objective demonstration that many
orthoses prescribed under the paper-based model do not match the current physical
conditions of patients. Notably, among cases in which the orthosis was not changed
from a previous prescription, the agreement rate in the document judgment group
was only 16.7%. This indicates that, in 10 of 12 such cases, patients may have contin-
ued using an orthosis that no longer matched their current physical status.

This phenomenon may be explained by “clinical inertia,” in which clinicians
continue previous prescriptions without sufficient re-evaluation. These findings
are consistent with internal surveys from Kyoto Prefecture showing that many
prescriptions under the document judgment model are made by physicians who
are not rehabilitation specialists, and many institutions have experience with only
one or two orthosis prescriptions per year. The results also support reports from
prosthetists/orthotists noting cases in which they question the appropriateness of
the prescribed orthosis.

Although AFOs can improve gait and balance even in the chronic phase [17]-
[21]. This is particularly important because the appropriate type of AFO can op-
timize energy expenditure during walking; conversely, an unsuitable match may
increase the metabolic cost of gait and limit the patient’s activity levels [22]. Post-
stroke gait exhibits considerable individual variability, and in milder cases, or-
thoses may even worsen walking ability [21]. Therefore, selecting an orthosis that
accounts for individual physical ability is essential. Despite the fact that physical
function in patients with CVD continues to change not only during the recovery
phase but also in the chronic phase [6]-[8], our results suggest that physicians with
limited prescription experience may not adequately evaluate these changes and
may routinely re-prescribe the same orthosis.

In contrast, the “specialist face-to-face assessment (direct judgment)” con-

ducted at the consultation center showed a significantly higher agreement rate.
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This highlights the effectiveness of a system in which physicians specialized in
prosthetic and orthotic assessment can accurately evaluate knee control and ankle
condition and select appropriate orthoses on site [16]. While this subjective meas-
ure cannot be directly compared with the document judgment group—where no
demonstration or subjective feedback was recorded—it suggests that face-to-face
specialist assessment, supported by the algorithm, can effectively incorporate pa-
tient preferences into the final prescription, as evidenced by the high rate of pa-
tients reporting improved ease of walking during trials [16]. However, even in the
direct judgment group, the final agreement rate was only 61.5%. Of the 10 mis-
matched cases, eight were attributable to “external factors,” such as the reluctance
of patients to change from an orthosis they had been using for a long time. Sato et
al. reported that patients tend to prioritize ease of donning and doffing and light-
ness, whereas healthcare professionals focus on gait and standing stability [23].
Thus, the “mismatches” in the direct judgment group can be interpreted as the
result of shared decision making, in which specialist recommendations are bal-
anced with patient preferences. In contrast, the “mismatches” in the document
judgment group are likely due to prescriptions made without adequate medical
evaluation and are qualitatively different in nature.

The results of this study demonstrate the clinical validity and usefulness of the al-
gorithm we developed. By using an objective “decision support tool” such as this al-
gorithm in paper-based prescription, prescribing physicians and prosthetists/ortho-
tists may be able to select orthoses that better match the physical status of patients,
regardless of their level of prescription experience. For example, if prosthetists/or-
thotists were to attach an evaluation sheet based on this algorithm when submitting
a paper-based prescription, physicians could make decisions based on objective in-
formation, thereby reducing inappropriate prescriptions. This approach could pro-
vide a concrete solution to improve prescription quality while maintaining the geo-
graphical convenience of the access-prioritized, paper-based prescription system.

This study had some limitations. First, the sample size was relatively small, and
the data were limited to Kyoto Prefecture; therefore, caution is required when
generalizing the results. Second, we did not conduct a detailed analysis of back-
ground factors that could influence prescription quality, such as the specialty or
years of clinical experience of the prescribing physicians in the document judg-
ment group. Future directions include large-scale, multicenter collaborative stud-
ies to examine the generalizability of these findings, as well as interventional stud-
ies in which the algorithm is actually provided to prescribing physicians at the
time of prescription to determine whether agreement rates improve. In addition,
investigating effective approaches, such as providing sufficient trial periods and
counseling, is essential to reduce the psychological resistance of patients and pro-

mote acceptance of the most appropriate orthosis.

4. Conclusion

This study showed that, under Japan’s paper-based prescription system for pa-
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tients with CVD in the chronic phase—namely, non-specialist, document-based
prescription—orthoses that do not align with the algorithm-recommended stand-
ards may likely be prescribed. In particular, the risk of overlooking changes in
physical function and continuing the use of unsuitable orthoses was evident.
These findings suggest that evaluations by physicians with limited prescription
experience are more likely to diverge from the actual needs of patients compared
with specialist face-to-face assessment. To achieve more accurate and appropriate
orthosis prescription, direct evaluation by specialists should be ensured, while also
integrating objective assessment tools, such as algorithms, should be integrated to
support non-specialist physicians in achieving better alignment with physiological
needs. In the future, implementing concrete measures to improve the quality of
the paper-based prescription system and establishing support systems to help pa-

tients access the most appropriate orthosis will be necessary.
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