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Impact of shortened production duration of knee-ankle-foot orthosis on walking
independence in hemiplegic stroke patients
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Abstract:

Objective : The Central Knee-Ankle-Foot Orthosis System (CK), developed by Kawamura
Gishi Co Ltd, Japan, is a system that fabricates a knee-ankle-foot orthosis (KAFO) based on
lower limb measurements and digital imaging. We have introduced the CK into our convalescent
rehabilitation ward for fabrication of a custom-made KAFO for patients with hemiplegia due to
stroke, resulting in shortening of fabrication period.

In the present study, we aimed to investigate the impact of a reduced fabrication period of a
KAFO using the CK on walking independence.

Subjects and Methods : This study included 21 stroke hemiplegia patients who had been
admitted to our convalescent rehabilitation ward between October 2018 and October 2022,
whose custom-made KAFOs were fabricated using the CK or the conventional method. They
were divided into the CK group (n = 6) or the conventional group (n = 15), based on the method
used for KAFO production. We retrospectively investigated the following parameters in both
groups: duration to achieve walking with minimal assistance; duration until the start of walking
practice; and length of hospital stays.

Results : The CK group showed significantly lower values ($<0.01) than the conventional
group across all three parameters.

Conclusion : Reduction in KAFO production duration by the CK might contribute to early

recovery of walking independence and shortened hospital stay.

Key words: stroke, knee-ankle-foot orthosis, convalescent rehabilitation ward
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Abstract:

The 3D Ball Test is an immersive virtual reality (iVR) system developed to simultaneously
assess unilateral spatial neglect in both near and far space. Following the development of this
system, we have previously verified its usefulness. We now report on the measurement of the
Minimal Detectable Change (MDC) of the 3D Ball Test using BlandAltman analysis. The
subjects were 12 stroke patients (65.5 = 12.5 years old) with unilateral spatial neglect who were
admitted to the Recovery Rehabilitation Unit of our hospital. The results confirmed that there
was no systematic error in the 3D Ball Test, and the MDC was 0.40 m® in the near space and
1.12 m® in the far space, which differed from space to space. The MDC of the iVR-based
unilateral spatial neglect assessment system was calculated in this study, allowing interpretation

of the change scores for individual patients.

Key words: stroke, unilateral spatial neglect, immersive virtual reality, evaluation, MDC
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Abstract:

Background : Evaluation and treatment of gait patterns are crucial aspects of physical therapy
for reconstructing gait in patients with hemiplegia. However, conventional evaluation methods
are impractical in clinical practice due to environmental constraints and time-related costs.
Evaluating the habitual and quantitative walking patterns of patients with hemiplegia is
challenging. Therefore, we developed a method using a single camera and an Al application to
assess quantitative walking pattern indicators more easily for hemiplegic walking. However, the
validity of the left-right symmetry ratio (referred to as SR), which utilizes spatiotemporal
parameters of gait calculated by this system, has not been confirmed as an index reflecting the
gait pattern of hemiplegic gait.

Purpose : We investigated whether SR is a valid indicator for quantitatively evaluating the gait
pattern in hemiplegic patients.

Method : We used GAIT (calculated from the Gait Assessment and Intervention Tool) as the
objective variable, scored by 11 physical therapists on 15 patients with hemiplegia. We calculated
the step length SR using an Al application and performed a multiple regression analysis using
leg support time SR, stance time SR, and double leg support time SR as explanatory variables.
We also calculated the intraclass correlation coefficient (ICC(3,1)) between the predicted values
of step length SR and stance time SR and GAIT.

Results : From the results of multiple regression analysis, stride length SR and stance time SR
were found to be significant as explanatory variables, and the adjusted coefficient of
determination revealed that this is a predictive formula that can explain approximately 80% of
GAIT. Residual The standard deviation was 1SD+7.6%, and the ICC(3,1) result was 0.91.
Conclusion : By using SR, very high statistical reliability was observed compared to GAIT,
suggesting that SR has high validity as a gait pattern evaluation for hemiplegic gait. The results
of the difference standard deviation revealed that there were large variations in the results for
each subject. As gait pattern evaluation using Al applications is clinically oriented, expectations
for clinical implementation are increasing, but it was considered necessary to explore the
relationship between physical functions and walking performance that affect each SR, and to
deepen the clinical significance of SR.

Key words: Stroke, Gait pattern evaluation, Validity
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Effects of sex and clothing on a simulated patient manikin
on the hand positioning during chest compressions

Kaoru Kobayashi”, Wakako Kobayashi-Fujita”, Yukinobu Hiiragi"”

Abstract

Effective chest compressions during cardiopulmonary resuscitation (CPR) are critical and
influenced by the position of the hand on the chest. The American Heart Association provides
general guidelines; however, variations in anatomy, such as sex differences and the presence of
clothing, may affect hand placement accuracy. This study aimed to evaluate the effects of sex
and clothing on hand positioning during chest compressions using a simulated patient manikin
with a focus on addressing potential biases in CPR training and real-world applications. A cross-
sectional study design was employed using Resusci-Anne QCPR manikins modified to represent
patients with and without breast tissue (BT) and with and without clothing. A total of 122
university students with CPR training participated in this study by marking their hand position
on measurement forms under different scenarios. Statistical analysis included y* tests for
categorical variables. The accuracy of hand positioning varied according to patient sex and
clothing status. Marks were more accurate on nude manikins without BT, but showed a
tendency to deviate towards the abdomen when with clothing. Hand positioning was most
difficult on nude manikins with BT, and participants frequently avoided proper compression
points in manikins with BT, especially when clothed, indicating a challenge in identifying
appropriate chest compression sites owing to anatomical features and clothing. Sex and clothing
influence hand positioning during chest compressions, suggesting the need for CPR training

that accommodates these variations to enhance the effectiveness of resuscitation efforts.

Key words: Cardiopulmonary resuscitation, chest compressions, manikin simulation, sex

differences, clothing influence

1. Introduction stone of cardiopulmonary resuscitation (CPR), and
Effective chest compressions are the corner- require continuous and precise execution in terms
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of position, depth, rate, and chest recoil. Com-
mencing with the placement of the hands on the
chest of the patient and ensuring accurate hand po-
sitioning are paramount for eliciting an optimal
physiological response.

The American Heart Association Guidelines for
CPR in 2020 delineate specific recommendations
for chest compression depth, rate, and recoil, yet
offer only general guidance regarding the com-
pression site, advising placement on the "lower half
of the sternum" . However, accurate identification
of this anatomical landmark within a short time-
frame is challenging. Alternative references such
as the "center of the chest" and "inter-nipple line”
have been suggested. However, considering the
anatomical variations between men and women,
the applicability of these guidelines warrants fur-
ther consideration. A previous study employed dig-
ital imaging of elderly patients admitted to a coro-
nary care unit and tasked participants to delineate
the area from the body surface to the anterior tho-
rax. The results revealed substantial variability in
defining the anterior thorax, which was particularly
influenced by the sex of the patient”. These dispar-
ities in the chest anatomy imply potential discrep-
ancies in identifying the optimal compression point
that deviates from the lower half of the sternum.
Moreover, when employing the inter-nipple line as
a reference for determining the compression site,
findings indicate that approximately half of the pa-
tients place their hands on the xiphoid process”.
These observations underscore the challenges as-
sociated with accurately localizing the compression
site, further emphasizing the need for precise ana-
tomical references and consideration of individual
variability during CPR interventions. In theory,
compression of the xiphoid process and abdomen
not only fails to facilitate effective blood circulation
but can also result in severe complications, includ-
ing rib fractures, sternum fractures, and abdominal
visceral injuries”. Inappropriate hand placement
may stem from factors such as the sex of the pa-

tient and the limited anatomical knowledge of the
rescuer?. Particularly in patients with well-devel-
oped breasts, the presence of a prominent bulge
may contribute to hand misalignment during chest
compressions. The use of a simulator that allows
for the easy configuration of diverse conditions and
facilitates repeated practice would be useful for ad-
dressing such cases. The design of CPR training
manikins and their application during training can
be regarded as being part of assistive engineering.
The results from this study could contribute to the
development of next-generation simulators capable
of reproducing various breast patterns.

By contrast, when managing clothing during
chest compressions, it is imperative to remove the
clothes of the patient. However, the current con-
sensus is that if clothing removal proves challeng-
ing, chest compressions should be administered
over the clothing. In such instances, it is anticipat-
ed that determining the appropriate chest compres-
sion site may be more challenging when compres-
sions are performed on patients with clothing
without exposing the chest. Consequently, a ques-
tion arises regarding the accuracy of hand position-
ing, particularly when relying solely on training
with conventional manikins, especially in cases in-
volving patients with breast tissue (BT) whose
chest contours differ externally from those of pa-
tients without BT, or when clothing is a factor. To
the best of our knowledge, no existing empirical
data is available supporting or refuting the assump-
tion that patient sex plays a significant role in deter-
mining the location of chest compressions. In a
study utilizing a manikin designed to simulate a pa-
tient with BT, rescuers tended to position their
hands in a manner that avoided contact with the
nipples”. The authors postulated that breast anato-
my and clothing may cause the hand position to
deviate from the appropriate compression area,
positing that this phenomenon transcends the sex
of the patient. However, the empirical validation of
this hypothesis is hindered by the absence of mani-
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kins that accurately model body shapes of individu-
als with BT.

In this investigation, we employed a training
manikin designed to emulate a life-like patient with
BT and examined the potential biases in hand posi-
tioning during chest compressions, considering
both the sex of the patient and the presence or ab-
sence of clothing.

2. Materials and methods

2-1 Study design

This study adopted a single-center cross-section-
al design. The sample size was determined utilizing
a power analysis software (G*Power) 9 with an ef-
fect size of 0.3, which is considered a medium ef-
fect size, o error set at 0.05, power at 0.8, and de-
grees of freedom at 3 based on previous studies.
The target sample size was 122 participants.

2-2 Subjects

We recruited participants for this study by seek-
ing research collaboration from university students
pursuing specialized medical fields, using bulletin
boards and direct verbal explanations. The inclu-
sion criteria comprised of individuals who provided
consent to participate and had undergone CPR
training, including practical skills, within the pre-
ceding 5 years. Specifically, participants engaged in
video lectures and practical demonstrations on CPR
based on resuscitation guidelines”, as well as
hands-on practice using CPR training manikins as
part of the educational curriculum. In particular,
the process for determining the location for chest
compressions was explained as placing the hands
"in the center of the chest," which is a general
guideline indicating the lower half of the sternum.
The exclusion criteria comprised of individuals
who were unable to provide consent or were
deemed incapable of adhering to the research pro-
tocol due to difficulty comprehending the explana-
tions provided by the research director. The study
was approved by the Research Ethics Committee of
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the International University of Health and Welfare
(approval number: 22-Io-16). Comprehensive study
instructions were provided and written informed
consent was obtained from all participants.

2-3 Simulated patient manikin setting and
research protocol

Resusci Anne QCPRs (Laerdal) were used as
simulated patient manikins. In the patient without
BT, the manikin remained unaltered with the addi-
tion of a short-haired wig and long-sleeved shirt. In
the patient with BT, silicone breasts and a bra were
applied to the manikin along with a long-haired wig
and a long-sleeved shirt. For breast sizing, we used
the C cup, which is commonly used by Japanese
women® . Photographs of each patient’s manikins
were taken, and measurement forms (A4 size, col-
or) were created according to the sex of the patient
and clothing status as follows: 1) without BT
(nude), 2) without BT (clothed), 3) with BT (nude
+ bra), and 4) with BT (clothed). Before commenc-
ing the measurements, the participants were in-
structed to rotate the measurement form 90° to the
left, as shown in Fig. 1, so that the patient’s head
was positioned on the left side and to mark the in-
tersection of the cross marks to indicate the hand
position for chest compressions. The research pro-
tocol was as follows: participants were asked to
randomly select one sheet from an envelope con-
taining four variations of measurement sheets and
place it face-down on their desks; participants were
given 10 seconds from the starting signal to mark
the correct hand position for chest compressions
using a cross mark. The current resuscitation
guidelines” stipulate that when a patient shows no
response, breathing should be checked within 10
seconds, followed immediately by the initiation of
chest compressions. Accordingly, this time frame
was set; after completing the measurement, the
participants were instructed to select another mea-
surement sheet and repeat the process. The appro-
priate chest compression site was defined as the
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Fig.1 The marked distribution sites of chest compression depending on the

patient pattern.

The chest compression sites marked by each participant are indicated by the black dots.

"lower half of the sternum," and deemed acceptable
if the intersection of the cross marks fell within
3 cm from the compression point, as per prior re-
search”. Inappropriate markings are those that ex-
ceeded this threshold (Fig.2). Two examiners
made the suitability judgments. In addition, a ques-
tionnaire survey was administered regarding 1) the
patients whom the participants experienced the
most difficulty in marking the hand position, and 2)
clothing management during chest compressions
for patients who experience out-of-hospital cardiac
arrest.

A contingency table was generated to assess the
appropriateness of hand positioning during chest
compressions categorized according to the patient
patterns. Subsequently, a ¥ goodness-ofit test was
conducted to ascertain any potential associations
between the patient pattern and appropriateness of
the hand positioning. In addition, descriptive statis-
tics were performed to examine the frequency of
responses to the questionnaire responses. Statisti-
cal analyses were performed using IBM SPSS Sta-
tistics version 29.0 IBM Corp., Armonk, NY, USA).

3cm

Pressure point

Fig.2 Appropriate range of chest compression area’ .

The hand positioning for chest compressions was considered
appropriate if it was within 3 cm of the pressure point.

Statistical significance was set at 5%.

3. Results

The average age of the 122 subjects was 18.4 =+
0.9 years, with 65 men and 57 women. Regarding
the appropriateness of hand positioning during
chest compressions based on the patient pattern,
among patients without BT (nude), 64 subjects
(52.5%) exhibited appropriate hand position; among
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Table 1. Hand positioning during chest compressions depending on the patient pattern (n=122).

Frequency

- Residual
Observed(Appropriate®) Expected

Patient without breast tissue

* nude 64 48 16.0

+ clothed 48 48 0
Patient with breast tissue

* nude + bra 39 48 -9.0

+ clothed 41 48 -7.0

2 goodness-of-fit test. *p<0.05.
" Residual=(Observed frequency-Expected frequency)

Table 2. Questionnaire results regarding chest compressions (n=122).

Q1. For which patient did you have the most difficulty marking hand position during chest compressions?

Patient without breast tissue (nude): 2 (1.6%)
Patient without breast tissue (clothed): 20 (16.4%)
Patient with breast tissue (nude + bra): 51 (41.8%)
Patient with breast tissue (clothed): 49 (40.2%)

Q2. For an adult patient without breast tissue in out-of-hospital cardiac arrest, would you expose the patient's chest to confirm hand

position during chest compressions?
Yes: 94 (77.0%)
No: 28 (23.0%)

Q3. For an adult patient with breast tissue in out-of-hospital cardiac arrest, would you expose the patient's chest to confirm hand

position during chest compressions?
Yes: 49 (40.2%)
No: 73 (59.8%)

patients without BT (clothed), 48 subjects (39.3%)
exhibited appropriate hand position; among pa-
tients with BT (nude + bra), 39 subjects (32.0%) ex-
hibited appropriate hand position; and among pa-
tients with BT (clothed), 41 subjects (33.6%)
exhibited appropriate hand position. The y* good-
ness-of-fit test revealed a significant bias on the
hand positioning based on the patient pattern
(p=0.045) (Table 1). Based on the contingency ta-
ble or residuals, the without BT (nude) category
was significantly larger, whereas the BT (nude +
bra) and BT (clothed) categories were smaller.
Fig.1 illustrates the distribution of marks denot-
ing the chest compression sites according to the
patient patterns. The patient pattern for whom
marking the hand positioning was most difficult
was for patients with BT (nude + bra) (51 subjects),
followed by patients with BT (clothed) (49 sub-
jects), patients without BT (clothed) (20 subjects),
and patients without BT (nude) (2 subjects). When
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asked whether or not the chest should be exposed
during chest compressions for patients with out-of-
hospital cardiac arrest, in the case of patients with-
out BT, 94 subjects (77.0%) answered "yes". Howev-
er, in the case of patients with BT, 73 subjects
(59.8%) answered "no". (Table 2).

4. Discussion

This study aimed to examine hand positioning
biases during chest compressions based on patient
sex and clothing status. High-quality chest com-
pressions are crucial for the survival of individuals
experiencing cardiac arrest; however, uncertainties
persist regarding the influence of patient sex on
chest compressions. The current resuscitation
guidelines” recommend the lower half of the ster-
num as the compression site, using anatomical
landmarks such as the center of the chest or the
area between the nipples as references. Although
in theory this process is straightforward, in prac-
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tice, identifying the correct compression site can
become challenging due to factors such as the pa-
tient’s sex, clothing (particularly bras), and psycho-
logical influences. Therefore, this study focused on
patients with BT, paying particular attention to age-
related changes in breast morphology and the
presence or absence of a bra. Concerning the ap-
propriateness of hand positioning during chest
compressions relative to the patient pattern, it was
observed that hands were correctly positioned for
unclothed patients without BT, but not for clothed
patients without BT. Conversely, patients with BT
exhibited a lower proficiency in hand positioning
than patients without BT, with the lowest proficien-
cy observed when their chests were exposed. In
addition, a post-measurement questionnaire re-
vealed that determining the hand positioning dur-
ing chest compressions posed the greatest chal-
lenge for unclothed patients with BT. This trend
was consistent across other patient patterns, sug-
gesting that difficulties in hand positioning may
impede the ability to position the hands at the ap-
propriate landmarks.

The distribution of chest compression sites var-
ied according to the patient patterns delineated by
sex and clothing status. CPR-related injuries have
been reported in approximately 60% of patients,
with rib fractures being the most prevalent”. A re-
view of the incidence of CPR-related complications
in adults revealed that rib fractures occur most fre-
quently, ranging from 13-97%, followed by sternal
fractures, ranging from 1-43%'". In the case of the
nude patient without BT, markings tended to be bi-
ased towards the abdomen rather than the appro-
priate compression area, with some marks appear-
ing in regions corresponding to the xiphoid
process. Pressing on the xiphoid process not only
risks damaging the bone itself but also poses the
threat of injuring the liver directly beneath it'". For
the nude patient with BT, the markings were dis-
tributed in a manner that avoided applying pres-
sure to the appropriate points. The act of exposing

the chest of a patient experiencing out-of-hospital
cardiac arrest and placing their hands on it may
create psychological resistance among rescuers.
This resistance may be particularly notable when
the patient has BT despite the time-sensitive nature
of the situation.

Studies have indicated that CPR is less likely to
be administered to the public when the patient is
someone with BT, a trend that is more pronounced
when the patient is of reproductive age'? . It is plau-
sible that the participants in this study were influ-
enced by social norms regarding touching the
breasts of women, although it remains unclear
whether this constraint was conscious or subcon-
scious. For nude patients with BT, markings tended
to concentrate along the midline of the chest, with
less variation observed between the left and right
sides compared with other patient patterns. This
phenomenon may be attributed to the cleavage line
between the breasts, which serves as a reference
point for determining the center of the chest.

Regarding clothing, the distribution of markings
was similar irrespective of the sex of the patient,
with clothed patients without BT displaying a re-
duced tendency for markings closer to the abdo-
men than unclothed patients without BT. However,
the survey results indicated greater difficulty in
determining the correct hand positioning when the
body was clothed, resulting in a higher prevalence
of incorrect hand placement. Based on the findings
of this study, the majority (77.0%) of the subjects
expressed willing to expose the chest of adult pa-
tients without BT experiencing out-of-hospital car-
diac arrest. Therefore, it is preferable to perform
chest compressions on the exposed chest of a pa-
tient without BT, except in situations where cloth-
ing removal is not feasible. Conversely, in clothed
patients with BT, although the distribution of mark-
ings avoiding the breasts mirrored that of un-
clothed patients, there was greater variability be-
tween the left and right sides. However, the hand
placement accuracy was enhanced. The handling of
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clothing during chest compressions has tradition-
ally been based on the assumption that the chest
must be exposed. However, in cases where remov-
ing clothing is difficult, it is now permissible to
perform compressions over clothing. A study com-
paring the quality of chest compressions between
clothed and unclothed manikins found that the
compression depth, tempo, and recoil were accept-

able even with clothed manikins"

. Hence, per-
forming chest compressions on fully clothed pa-
tients with BT may be advisable. According to the
survey results, nearly 60% of the subjects ex-
pressed reluctance to expose the chest of adult pa-
tients with BT with out-of-hospital cardiac arrest. A
study utilizing a manikin with silicone breasts and a
bra reported deterioration in chest compression
quality owing to the presence of breasts'”. Given
these factors, it seems pragmatic to utilize a mani-
kin that accurately replicates the body shape of
women and conduct training sessions with fully
clothed manikins, while emphasizing proper hand
positioning during chest compression.

This study has several limitations. A training
manikin was employed and the silicone breast pro-
file used was representative of a relatively young
adult woman. Breast shape and cup size can vary
widely among countries and individuals, and are
believed to be influenced by factors such as age.
Hence, it is crucial to acknowledge potential biases
in hand positioning during chest compressions
when considering variations in these factors. Fu-
ture research should explore the impact of cloth-
ing, including garments with distinctive patterns,
as well as the proficiency levels of the chest com-
pression providers. In this study, although the par-
ticipants had received some level of theoretical and
practical training in chest compressions, all of them
were non-experts. Therefore, it cannot be ruled out
that individual differences in skill levels, rather
than the same level of knowledge and experience
as experts, may have influenced the identification
of the compression site.
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5. Conclusions

In this study, we examined the potential biases in
hand positioning during chest compressions, while
considering the sex of the patient and the presence
or absence of clothing. The findings indicated that
in nude patients without BT, hand placement tend-
ed to be accurate; however, when incorrect, hand
placement veered towards the abdomen. Although
the inclination to shift the hands towards the abdo-
men diminished when patients were fully clothed,
determining the correct hand position became
more challenging. Conversely, patients with BT ex-
hibited lower proficiency in hand placement than
patients without BT, with markings avoiding appro-
priate pressure points irrespective of clothing.
Thus, it is evident that patient sex and clothing play
pivotal roles in determining hand positioning for
chest compressions. The results of this study sug-
gest that, in addition to exposing the patient’s chest
during CPR training, training programs should in-
corporate guidance on simulating BT in clothed
scenarios and identifying the appropriate compres-
sion site over clothing.
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