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Influence of Direction and Surface Type on the Quality of
Independent Wheelchair Transfer Technique

Alicia M. Koontz®***, Lin Wei*°, Theresa Crytzer®®

Abstract

Objective: The purpose of this study was to determine the influence of surface type
(commode and level bench) and the direction of transfer (moving to and from a wheelchair)
on the quality of wheelchair transfer technique and to investigate if personal characteristics
such as body weight, age, and disability type are related to technique differences between
the surfaces and direction of transfer.

Design: Seventy-three men and 11 women performed transfers to and from their own
wheelchair to bench and commode surfaces while the quality of their technique was scored using
Transfer Assessment Instrument (TAI) version 3.0.

Results: Based on the TAI, participants used better technique when transferring to
and from the commode seat than when moving to and from the bench (p=0.003). Better
technique was used when transferring from the wheelchair to either surface than when
transferring back to the wheelchair from either surface (p=0.007). Power wheelchair users
and those who performed fewer numbers of transfers in their daily life tended to use
incorrect leading arm hand placement during transfers (p<0.01).

Conclusion: A more challenging or restricted transfer surface may force wheelchair
users to concentrate on transfer technique more. Poorer technique however was found
while transferring back to the wheelchair. The results provide insight into the types of
wheelchair users and transfers where greater emphasis on training proper technique
should be placed.

Keywords: Activities of Daily Living, Bathroom Equipment, Toilet Facilities,
Upper Extremity
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Surface Type and Direction on Transfer Technique

1. Introduction

In the United States, there were approximately 294,000 persons with spinal
cord injury (SCI) in 2020, and 17,810 new cases occur each year (Facts and
Figures at a Glance, 2020). Wheelchair users rely heavily on their upper
extremities to perform certain essential activities of daily living (ADLs) such as
wheelchair propulsion, transfers and weight relief maneuvers. The loading on
the upper extremity joints during transfers is higher than any other wheelchair
related activity (Gagnon, Nadeau, Noreau, et al.,, 2008). High forces and
repetitive moments imparted on the upper extremities can lead to pain and
injuries to the shoulder, elbow and wrist (Curtis et al., 1995; Dalyan et al., 1999;
Dyson-Hudson & Kirshblum, 2004; Gagnon, Nadeau, Desjardins, et al., 2008;
Gellman et al., 1988; Nichols et al., 1979; Paralyzed Veterans of America
Consortium for Spinal Cord, 2005). The onset of pain and injury can be
detrimental to wheelchair users resulting in decreased independence when
conducting ADLs and reduced community participation (Dalyan et al., 1999;
Mortenson et al., 2012).

Using proper transfer technique can reduce the loading on the upper arm
joints and help protect wheelchair users from developing injury and pain (Tsai
et al., 2014; Tsai et al., 2016). Proper transfer technique has been defined as
setting up the wheelchair at a certain angle and distance away from the surface,
bringing the body close to the edge of the surface prior to transfer, placing the
leading and trailing arms in places and positions that minimize shoulder

impingement and wrist extension, placing both feet on the floor, using a head-
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hips motion during the lift phase and controlling the body’s descent onto the
target surface (Paralyzed Veterans of America Consortium for Spinal Cord, 2005;
Tsai et al., 2013). A reliable and valid clinical tool incorporating these principles
was developed called the Transfer Assessment Instrument (TAI) to aid in
objectively evaluating the quality of independent transfer technique. Higher
scores on the instrument have been correlated to better transfer biomechanics
(e.g. lower joint forces and joint moments imparted on the upper extremities)
(Tsai et al., 2014).

A full-time wheelchair user will perform on average 14 to 18 transfers per
day (Finley et al., 2005). These transfers can occur to and from a wheelchair to
a variety of surfaces over the course of a day (e.g. commode seats, car seats,
couches, bed, floor, etc.). Certain surface characteristics such as the relative
height of the surface with respect to the wheelchair (Wei, 2015), the amount of
space available on and next to the surface (Tsai et al.,, 2018), and the
presence/absence of handholds (Koontz et al., 2019) can influence the
mechanical demands required for the transfer, the biomechanics involved and
quality of the techniques used. For example, compared to transfers to level
surfaces, transfers to higher surfaces are known to require greater upper
extremity muscular effort and higher joint forces (Kulich, 2015). A descriptive
study on car transfers found that the strategies for hand placement varied
based on vehicle seat height and that individuals who placed their leading
hands on the steering wheel had more shoulder pain than those who placed
their hands on the drivers’ seat or overhead on the grab bar or doorframe

(Haubert et al., 2015). The amount and configuration of the space around toilets
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in a bathroom has been shown to alter the biomechanics and the quality of
toilet transfers as measured using the TAI (Tsai et al., 2018). Another study
showed that transfer quality as measured by the TAI was improved when
transferring to a surface equipped with grab bars and a backrest compared to
transferring to a surface without these elements (Koontz et al., 2019).

Most studies on transfers have described the biomechanics and quality of
the transfer in one direction such as from the wheelchair to a platform, bench,
commode or vehicle seat (Koontz et al., 2011; Tsai et al., 2014) or transfers
between two platform surfaces (Finley et al., 2005; Gagnon, Nadeau, Noreau, et
al., 2008). Less is known about the quality of the transfer back to the wheelchair
and how that might differ from a wheelchair to surface transfer. Although
transfers are variable over the course of the day (e.g. commode, bed, car, etc.),
they all entail returning back to the wheelchair, and thus, transferring to a
wheelchair is more commonly performed than any other type of transfer. The
biomechanics of the transfer back to the wheelchair has been investigated in
two studies (Forslund et al., 2007; Wei, 2015). In both of these studies trailing
(push-off) side forces and moments across the shoulder, elbow and wrist (Wei,
2015) and forces at the hand (Forslund et al., 2007) were all higher for the
transfer back to the wheelchair than the transfer from the wheelchair to the
level bench (Wei, 2015) or mat table (Forslund et al., 2007). The reasons for
these differences are not fully understood. The TAI evaluates the transfer
technique by reviewing multiple components within the transfer and could
provide direct clinical insight into specific aspects of the technique that may

lead to higher forces when transferring back into the wheelchair.
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The purpose of the study was to investigate and compare the quality of
transfer techniques used to transfer to and from a wheelchair to a level-height
bench (LB) and a commode seat (CM). The level-height bench was chosen to
simulate a simple common surface that would be at the same height as the
wheelchair seat and therefore less difficult to transfer to/from. A commode seat
was chosen in contrast to simulate a more complex transfer with regards to
limited space where the wheelchair can be placed or oriented and surface area
size, shape and height (e.g. public standard commode seats in the United States
are lower than the average wheelchair user’s seat height and thus impose a
non-level transfer for most people (Tsai et al., 2018)). It was hypothesized that
1) participants would have better technique (higher TAI scores) when moving
between the wheelchair and LB than when moving between the wheelchair and
CM and 2) better technique when moving from the wheelchair to level bench
and commode than when moving from either surface back to the wheelchair. A
secondary goal of the study was to describe the success rates (e.g. percentage
of persons performing proper technique) in TAI item scores for all the transfers
and to explore associations between sociodemographic characteristics (e.g. age,

disability type, gender, etc.) and transfer skill deficits.

2. Methods

2.1 Participants
The study was approved by the Department of Veterans Affairs Institutional

Review Board. Testing was conducted at the National Disabled Veterans Winter
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Sports Clinic (NDVWSC) in Snowmass, CO, April 2016, the 36th National
Veterans Wheelchair Games (NVWG) in Salt Lake City, UT, July 2016, and
Human Research Engineering Laboratories (HERL) in Pittsburgh, PA. The
inclusion criteria of the participants were (1) older than 18 years old, (2) one
year after injury or diagnosis, (3) use a wheelchair for at least 35 hours/week,
and (4) unable to stand up without support. Wheelchair users were excluded
from the study if they had pressure ulcers within the last year or had a history

of angina or seizures.

2.2 Testing Protocol

The position of the wheelchair, level-height bench, and commode are shown
in Figure 1. The length and width of the bench were 70 cm x 55 cm. The overall
length and width of the commode seat was 40 cm x 35 cm, the height of the
seat was 45 cm. Both the bench and commode were placed on the participants’
left-hand side due to constraints in the laboratory space and fastened to the
ground before the trials. The height of the bench was adjusted to match the
height level of the participant’s wheelchair seat. Before starting the transfer
trials, demographic information such as age, height, weight, and years using a
wheelchair were collected for each participant. The order of the bench and
commode surfaces were randomized for every participant. For the level-bench
transfers, the participants were asked to position their wheelchair as they
normally would before the transfer, and then asked to transfer to and from the
bench in their habitual way. For the commode trials, the wheelchair approach

angle was standardized based on the ADA guidelines ("Americans with
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Disabilities Act (ADA) accessibility guidelines for buildings and facilities; play
areas. Architectural and Transportation Barriers Compliance Board. Final
rule," 2000). The orientation of the commode seat faced toward the wheelchair
user (Figure 1) however they were free to locate their wheelchair at any distance
away from the commode. Participants were required to land with their buttocks
centered on the bench or on the commode seat and to place hands in their lap
or at their sides before moving back to the wheelchair. They were given a chance
to familiarize themselves with each setup prior to being asked to transfer. The
participants were asked to transfer from and to their wheelchairs five times for
each surface (i.e., bench, commode). The transfers to/from the bench /commode
were scored using TAI version 3.0 by two trained raters who were blinded to the

outcomes of the study.

Wheel-
chair
Level-Height s
Bench %
Commode =
oy
— — ]
"/ =
(a) (b)

Figure 1

Level-height bench (a) and commode (b) set up.

2.3 Transfer Assessment Instrument (TAI) version 3.0

The TAI has acceptable to high inter- and intra- rater reliability intra-class

correlation coefficient values ranging from 0.72 to 0.88 and good face, content,
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and construct validity (McClure et al., 2011; Tsai et al., 2013). The TAI 3.0 is a
two-part assessment, with the first part consisting of specific transfer issues
rated on a “yes”, “no”, or “not applicable” scale. Part 2 consists of global
performance of transfer quality, techniques and indication of assistance, which
is scored from O to 4. Because part 2 involves some of the same transfer skills
that are measured in part 1, only part 1 of TAI was analyzed in this study as
others before us have done (Hogaboom, Diehl, et al., 2016; Hogaboom, Huang,
et al., 2016; Hogaboom, Worobey, et al., 2016; Tsai et al., 2016; Tsai et al.,
2013). The Part 1 of the TAI contains 15 items that comprise individual
components of a transfer. Item 2 “The angle between the participant’s
wheelchair and the surface to which he is transferring is approximately 20-45
degrees” was not scored for the CM transfers. Item 5 “the participant performs
a level or downhill transfer, whenever possible” was also excluded in this study.
After watching all five transfers to and from a surface (bench or commode) the
raters assigned one score to each item (‘yes’ or ‘no’) for each direction of transfer
(wheelchair to surface and surface to wheelchair). The participant needed to
perform proper technique on at least three of the five transfers to score a ‘yes’
on each item. After the raters independently scored the transfers, they

compared their results to ensure consistency and consensus in the final scores.

2.4 Data Analysis
Descriptive statistics (means, standard deviations, ratios) were calculated
for the demographic data. To compute the total TAI score, each item is first

assigned a numerical value of 1 for a ‘yes’ outcome or a O for a ‘no’ outcome.
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“Not applicable” items are removed from the dataset. The Part 1 score is the
summation of all the applicable final item scores, multiplied by 10 and divided
by the total number of applicable items. The total Part 1 score ranges from O
(worst) to 10 (best).

A two-way repeated measures analysis of variance (ANOVA) was used to
compare the TAI total scores between surface type (bench or commode) and
direction of transfer: wheelchair (WC) to surface and surface to WC. Individual
items were further examined by separating participants into two groups (proper
and improper technique) based on their TAI item scores (yes and no) for each
type and direction of transfer (wheelchair to bench, bench to wheelchair,
wheelchair to commode and commode to wheelchair). The counts and
percentages of the participants in the proper group to the total number of the
applicable participants were calculated and compared using chi-square tests.
Finally, we aimed to explore associations between sociodemographic
characteristics and the transfer skills deficits. Categories were formed for each
demographic variable, including: age (< 40 yr, = 40 but < 60 yr, and = 60 yr of
age), gender (male and female), hand dominance (left and right), time since
injury or diagnosis (10 yrs or less, > 10 but < 20 yr, and > 20 yr), hours sitting
in wheelchair per day (< 12 hr and > 12 hr), wheelchair types (manual
wheelchair, power wheelchair, and scooter), total transfers per day (< 16 and >
16); body weight (< 78 kg and = 78 kg); body mass index (BMI) (< 25 and = 25
kg/m?2), type of disability (tetraplegia, high paraplegia [thoracic 1 to 7], low
paraplegia [thoracic 8 to lumbar 4]; and others). The associations between these

groupings and TAI item scores (yes’ or ‘no’) were compared using chi-square
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tests for each type and direction of transfer (e.g. wheelchair to bench, bench to
wheelchair, wheelchair to commode and commode to wheelchair). Fisher’s exact
test was applied if there were zero values in the cell count. The o value for these
analyses was set at 0.05. If the test was significant and there were more than
two subgroups in a category, such as age and time since injury or diagnosis,
additional chi-square tests with a Bonferonni correction for the p-value were
used to determine the specific subgroups that were significantly different from
each other. The a value for the post hoc tests for age, time since injury or
diagnosis, and wheelchair type was set at 0.017 (0.05/3), and 0.0125 (0.05/4)
for type of disability. All the statistical analyses were performed in SPSS 25

(SPSS Inc., Chicago, IL).

3. Results

3.1 Participants

Twenty-seven participants at HERL, 31 participants at the NDVWSC, and
26 participants at the NVWG, volunteered for the study. Table 1 shows the
demographic data of the participants. The sample consisted of mostly male
Veterans (86.9%) using manual wheelchairs (86.9%).

The participants used their wheelchairs for average of 16.6 years and
performed 19 transfers per day. All 84 participants completed the bench
transfers. There were 9 subjects who did not complete the commode transfers
because they did not perform commode transfers in daily living or felt it would

be too difficult or unsafe.
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Table 1

Demographic data (N=84)

Item Mean (SD) n (%)

Age 48.96 (12.27)

Weight (kg) 79.52 (19.17)

Height (cm) 173.37 (14.73)

BMI (kg/m?) 26.59 (6.90)

Years after diagnosis 17.30 (9.99)

Years using wheelchair 16.31 (10.27)

Hours sitting in wheelchair per day 12.33 (4.00)

Number of level height transfers per day 11.88 (7.50)

Number of non-level height transfers per day 7.08 (5.19)

Total transfers per day 18.80 (10.73)

Wheelchair type Manual 73 (87%)
Power 9 (11%)
Scooter 2 (2%)

Gender Male 73 (87%)
Female 11 (13%)

Handedness Right 73 (87%)
Left 10 (12%)
Ambidextrous 1 (1%)

Ethnic African American 28 (33%)
Caucasian 43 (51%)
Hispanic 8 (10%)
Other* 2 (2%)
Did not report 3 (4%)

Type of disability Tetraplegia 16 (19%)
High Paraplegia (T1-T7) 18 (21%)
Low Paraplegia (T8-L4) 26 (31%)
Transfemoral amputation 10 (12%)
Others® 14 (17%)

*: Asian and mixed;
$: included Guillain-Barre syndrome (n=1), osteogenesis imperfecta (n=1), muscular dystrophy (n=1),

myelopathy (n=1), multiple sclerosis (n=5), spinal bifida (n=1), and subjects did not report (n=4).
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3.2 Effects of Transfer Direction and Surface on TAI Part 1 Total Scores

There were main effect differences in the Part 1 total scores for both surface
type and direction of transfer (Table 2). Participants received higher total scores
for the CM versus LB transfers (p=0.003) and when transferring to these
surfaces from their wheelchair compared to when transferring back from these
surfaces to their wheelchair (p=0.007). There was no interaction effect between

direction of transfer (to or from the wheelchair) and surface (LB or CM) (p = 0.4).

3.3 Specific Deficits in Transfer Technique for each Direction and Surface

When transferring back to their wheelchair participants received lower TAI
scores than when transferring to the LB and CM surfaces for item 6 “places feet
in a stable position before the transfer”, item 7 “scoots to the front edge of the
wheelchair seat before the transfer”, item 9 “A handgrip is utilized correctly by
the leading arm”, item 10 “A handgrip is utilized correctly by the trailing arm”,
and item 14 “The landing phase of the transfer is smooth and well controlled”
(Table 3). Participants’ had higher scores on the handgrip positioning items 9

and 10 for the CM transfers than the LB transfers in both directions (Table 3).

E/[ili)rllearzld interaction effects of TAI part 1 total scores for each surface and direction (N=75).
Main effect Interaction effect
Mean (SD) (p-value) (p-value)
Surface 0.003
Level-height bench 7.24 (0.19)
Commode 7.71 (0.15)
Direction 0.007
WC-S 7.61 (0.16)
S-WC 7.33 (0.16)
Surface x Direction 0.4

WC-S: transfer from wheelchair to the surface;
S-WC: transfer from the surface to the wheelchair.
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Table 3

Comparison of the TAI item scores between both directions and surfaces. The percentages are the

number of the participants who performed the item correctly relative to the total number of

participants () for each applicable item.

Surface Direction
TALI item description n WC-S STWC
Type n (%) n (%)
1. The subject’s wheelchair is within 3 inches of the object to LB 84 54(64) 54(64)
which he is transferring on to CM 75 47(63) 47(63)
2. The angle between the subject’s wheelchair and the surface LB 83 58(70) 58(70)
to which he is transferring is approximately 20-45 degrees CM N/A
3. The subject attempts to position his chair to perform the LB 74 55(74) 46(62)
transfer forward of the rear wheel (i.e., subject does not
CM 67 55(82) 46(69)
transfer over the rear wheel).
4. If possible, the subject removes his armrest or attempts to LB 43 26(60) 25(58)
take it out of the way CM 39 19(49) 18(46)
5. The subject places his feet in a stable position (on the floor LB 7 49(64) 52(68)"
if possible) before the transfer CM 69 50(72) 57(83)*
6. The subject scoots to the front edge of the wheelchair seat LB 84 65(77)* 54(64)*
before he transfers (i.e., moves his buttocks to the front M 75 62(83)* 49(65)%
2/3rds of the seat). (83) (63)
7. Hands are in a stable position prior to the start of the LB 84 73(87) 74(88)
transfer. CM 74 62(84) 59(80)
8. A handgrip is utilized correctly by the leading arm. (when LB 84 45(54)*," 58(69)*
the handgrip is in the individual’s base of support) CM 75 T3(97)**#  48(64)**
9. A handgrip is utilized correctly by the trailing arm. (when LB 84 49(58) 36(43)"
the handgrip is in the individual’s base of support) CM 75 46(61)**  70(93)** #
LB 84 81(96) 82(98)
10. Flight is well controlled
CM 75 74(99) 73(97)
LB 84 43(51) 47(56)
11. Head-hip relationship is used
CM 75 39(52) 45(60)
12. The lead arm is correctly positioned (The arm should NOT LB 84 68(81) 71(85)
be extremely internally rotated and should be abducted 30-
CM 74 67(91) 67(91)
45 deg.)
13. The landing phase of the transfer is smooth and well LB 84 76(90) 69(82)
controlled. CM 75 70(93)* 61(81)*

LB: Level-height bench; CM: commode; WC-S: transfer from wheelchair to the surface; S-WC:

transfer from the surface to the wheelchair.

Statistically significant differences in each item between WC-S and S-WC are denoted as *p<0.05,
*#5<(0.001, and between LB and CM are denoted as #p<0.05, #p<0.001.
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3.4 Relationship Between Participants’ Characteristics and Transfer Skills

Power wheelchair users and wheelchair users who performed less than 16
(median from all participants) transfers per day were more likely to apply the
wrong type of handgrip during the bench to wheelchair transfer (item 9) (Table
4). No other statistically significant differences in TAI scores across the various

demographic variables and categories were found.

Table 4

Number (%) of the wheelchair users with certain demographic characteristics who performed Item

9 correctly and incorrectly.

Improper Proper
Item 9 . .
technique technique Statistics
Transfer from bench to wheelchair
n % n %
Wheelchair Type
Manual wheelchair 20 27 53 73
Power wheelchair 6 67 3 33
Scooter 0 0 2 100
X @ 5.8
p-value 0.033
post hoc p-value, power wheelchair vs others 0.0142
Total transfers per day
0-16 20 43 27 57
>16 6 16 31 84
x ) 6.719
p-value 0.008
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4. Discussion

Most studies prior to this one have focused on describing the techniques
associated with moving out of the wheelchair to other surfaces. The differences
found in this study underscore the importance of also considering the return
transfer back to the wheelchair and variations in techniques associated with
CM versus bench transfers. Theoretically, the CM transfer was thought to be a
more challenging transfer than the LB transfer due to a more limited surface
area for landing, more limited places to position the leading and trailing hands,
the 90 degree fixed wheelchair approach angle (ideal is 25-45 degrees), and non-
level transfer since standard commode seats (e.g. which range between 43.2 to
48.3 cm) are lower relative the average wheelchair users’ seat height (53.3 cm)
(Toro et al., 2013). Rather it seems that this particular setup may have aided
wheelchair users in performing better technique. The limitations of the setup
likely limited the degrees of freedom or choice in movement strategies they could
use to be successful with the transfer and fortunately these movement
strategies were in favor of the TAI principles for proper technique. It was also
noted that participants took longer when performing the CM transfer perhaps
because the commode seat was smaller and more awkward in size and shape
compared to the bench and lower that the wheelchair seat for most users. Thus,
it is possible that the limitations of the setup may have forced people to think
about their technique more and how to move more efficiently or accurately. This
result aligns with a previous study that also found that environmental

restrictions can have a positive influence on transfer techniques (Tsai et al.,
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2018). While our first hypothesis was rejected, the second hypothesis that
transfer technique may be worse for transfers back to the wheelchair was
supported by the results. Participants had higher average TAI total scores for
the wheelchair-to-surface (WC-S) transfers than their surface-to-wheelchair (S-
WC) transfers. This is also consistent with previous biomechanics studies that
found higher forces were present when transferring back to the wheelchair from
other surfaces (Forslund et al., 2007; Wei, 2015). The TAI item scores shed
insight into the specific aspects of technique that may contribute to higher

forces at the wheelchair side and between surfaces.

4.1 Item Analysis — Handgrip (Item 9 and 10)

Most participants (> 93%) performed proper handgrip at the commode side
(Table 3, item 9 and 10). Proper handgrip technique occurs when the participant
places their hand within his/her base of support and grips around the edge of
a surface during the transfer as opposed to using a flattened hand or fisted
hand on the surface to lift his/her body. During the LB transfer, some
participants received a “No” on items 9 and 10 because they used an improper
handgrip on the bench wherein they used a flat or fisted hand. Not many
participants used a fisted hand on the commode seat possibly because the seat
was a hard surface with a smaller surface area in comparison to the bench
which was a cushioned surface with a larger contact area.

Item 9, leading handgrip for the transfer from the bench to the wheelchair,
was the only item that was found to have group differences with regards to

participant characteristics. This is different from previous work that found age,
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gender, and disability type were related to several TAI Part 1 item outcomes
(Koontz et al., 2016). The absence of finding more group differences in this study
could be related to the smaller numbers of women in our sample (73 men and
11 women) compared to the other study (74 men and 18 women) and
distribution of disability types (e.g. 71% SCI in this study compared to 87% SCI
in the other study) however mean ages and distributions were similar. The other
differences could be attributable to an all Veteran cohort in the other study
versus a mix of Veterans and non-Veterans in this study. The all Veteran cohort
study (Koontz et al., 2016) found similar total TAI scores as our study for the
wheelchair to bench transfer which was the only type and direction of transfer
analyzed in the study but the percentage of items performed correctly or
incorrectly varies across studies. For example only 50% of participants in the
all Veteran study setup the angle of their wheelchair correctly versus 70% in
this study. Thus the statistical relationship between certain socio-demographic
factors and TAI outcomes may be influenced by the particular cohort studied
and distribution of item responses.

Our study found that a higher percentage of power wheelchair users used
improper handgrips when they transferred from the bench to their wheelchairs
when compared to manual wheelchair and scooter users. More specifically the
power wheelchair users tended to use fisted hands placed on the cushion
whereas manual wheelchair users tended to grab onto or around the wheelchair
frame and reserved the sitting area on the cushion for landing. Unfortunately,
most power wheelchairs do not have as many options to support a gripped hand

compared to the design of most manual wheelchairs (e.g. open spaces around
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the tubing or frame). In addition the physical features (e.g. weight, stability) of
the wheelchair might also influence the transfer. For example, there may be a
greater demand for manual wheelchair users to hold the frame properly to
prevent wheelchair shifting during the transfer due the deceased weight or
stability of the device compared to power wheelchairs. It is important to consider
that while the number of power wheelchair users in this study were very small
relative the number of manual wheelchair users (e.g. 9 versus 73) two thirds of
them (67% or 6 of 9) used improper technique highlighting a potential sub-
group for targeting transfer training (e.g. power wheelchair users who perform
independent sitting pivot transfers). Moreover, our results show wheelchair
users who performed fewer than 16 transfers per day had higher deficits rates
for handgrips. Thus greater experience with transfers may explain why some

users were choosing better leading handgrips.

4.2 Item Analysis — Feet position (Item 6)

More participants placed their feet on the floor before they started the CM
transfer compared to the LB transfer (Table 3, Item 6). Feet positioning on the
floor is important for stabilizing the body during the lift phase of the transfer.
It is possible that the restriction imposed on the wheelchair orientation to match
ADA compliant public bathroom configuration (e.g. perpendicular to the
commode) or other features (e.g. commode size/shape and hardness for
landing/gripping and potential non-level height) could have required increased
stabilization for this more challenging transfer. The easiest transfers to perform

are those that are level with the wheelchair seat height. As soon as the surface
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varies in height (up or down) individuals can begin to experience difficulty with
performing the transfer (Toro et al., 2013). Other aspects that affect transfer
difficulty include limited space on and around the transfer area for positioning
the wheelchair, presence of physical barriers around the surface (e.g. tank) and
surface hardness/softness. Thus placing the feet on ground may be more
necessary for the successful and safe execution of the commode transfer versus
the level bench transfer. Another important aspect to note was that there were
no grab bars in our commode setup and which are present in many public and
private restrooms and bathrooms which forced people to utilize parts of the
commode to place their hands (e.g seat or tank). However a majority of
individuals who perform sitting pivot transfers can not or do not use them as
ADA compliant grab bars are not in an ideal position for this type of transfer
(Tsai et al., 2018). When they are used, shoulder moments are greatly increased

(Tsai et al., 2018).

4.3 Item Analysis — Scooting forward (Item 7)

More participants scooted forward in the wheelchair seat before they
transferred (WC-S) (Item 7). Compared to when they were on the LB and CM
surface getting ready to transfer back to the wheelchair (S-WC). Scooting
forward in the wheelchair seat is recommended to bring the body closer to the
target surface and also to clear the real wheel (for manual wheelchair users).
On the other surfaces however, the main purpose would be to get closer to the
wheelchair prior to transfer if no other obstacles are present. Neither the bench

or the commode presented an obvious obstacle to scooting forward thus this
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may be a transfer component that could be better emphasized in training for S-

WC transfers.

4.4 Item Analysis —Landing phase (Item 14)

More individuals scored lower for landing technique on the wheelchair than
for landing on the commode. It is possible that the softer landing surface and
presence of a wheelchair seat back may have provided some sense of security
allowing for greater freedom of movement while transfers onto the smaller
harder commode seat allowed limited room for error with regards to landing.
Not scooting forward on the surface side (see Item 7 above) could also have
impacted the landing scores on the wheelchair side. There may also be obstacles
on the wheelchair side that make it more challenging during the transfer back
such as limited places for handgrips (e.g. noted above for power wheelchair
users), clearing items that are not removable (e.g foot rests, armrests, postural
supports, clothing guards, and rear wheels for manual wheelchair users) and
overcoming any issues with wheelchair instability (e.g. if wheel locks are not
available or working). Many of these items are modifiable and can be addressed

with appropriate wheelchair maintenance, setup, and technique training.

4.5 Limitations

Fifty-seven participants (68%) were U.S. veterans participating in an
organized sport and recreational event and were mostly male (87%). These
individuals may have a more active lifestyle than other Veterans and/or non-

Veterans who do not participate these same events. However, many studies

27



Alicia M. Koontz, Lin Wei, Theresa Crytzer

have reported that the daily activity level of the Veterans who participate in
these events is similar to that of community-living non-Veteran wheelchair
users (Levy et al., 2010; Oyster et al., 2011; Sonenblum et al., 2012; Tolerico et
al., 2007). Transfer technique also has no clear association with daily activity
levels or muscle strength (Minkel JL, 2010). Our study included mostly manual
wheelchair users and only a few power wheelchair and scooter users. For the
TAI 3.0, there are no specific guidelines for scoring the items for scooter users.
A newer version of TAI (version 4.0) is available that provides a slightly modified
list of items and responses and more specific scoring for persons using scooters
that should be considered for future studies (Worobey et al., 2018). This study
was conducted by using the TAI 3.0 and before the latest version TAI 4.0 was
published. The TAI 4.0 has improved in the graphical presentation and
assessment details for each item statement. This version also includes scoring
a transfer “to and from” a surface however data on the quality of transfer to and
from different kinds of surfaces are not available yet. The TAI is a convenient
tool for observing and quantifying transfer quality however it doesn’t provide
the same level of detail on movement strategies that can be obtained with a
three-dimensional motion capture system. It would be interesting to conduct a
follow up study using this type of system to investigate and describe the joint
ranges of motions and any compensatory movement strategies that are being

used between the two surfaces and directions.
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5. Conclusion

Transfer technique was found to vary when transferring from/to a
wheelchair and between different targeted surfaces. A more challenging or
restricted transfer surface may force wheelchair users to concentrate on
transfer technique more and make smarter choices in their movement strategies.
Poorer technique however was found for transfers back to the wheelchair and
may be related to how they positioned themselves on the surface prior to making
the transfer and being unable to control the landing as well. The results support
the importance of technique training especially for the return back to the
wheelchair from other surfaces. Future studies are needed to determine the
best strategies for teaching transfer technique and if focusing learning proper
technique to and from less restricted surfaces (e.g. transfers to a mat table) can
carry over to more challenging transfer surfaces. Moreover, factors related to
the transfer techniques, such as anthropometric parameters (e.g. body size and
weight), ergonomics, biomechanics, wheelchair design, furniture and
environmental setting are also critical issues to be considered and investigated

in the future.
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Abstract

Introduction: The aim of this study was to investigate the relationship between
cognitive function and traffic violations, and to examine the change of traffic violations
after a road safety course in elderly drivers.

Methods: We examined the relationship between cognitive function and driving
behaviors of the elderly, and conducted a road safety course to estimate the effect of the
course. The Spearman's rank correlation coefficient was computed to determine the
correlations, and the Wilcoxon signed-rank test was used to compare traffic violations
before and after the course. Cohen’s guidelines of r = .10, .30, and .50 were used to interpret
observed effect sizes as small, medium, and large, respectively.

Results: Twenty participants were included. Significant correlations were found
between the improper right or left turn at an intersection with the total score (Spearman’s
rho=-.50, p=.024), orientation for time score (rho=.57, p=.009), and delayed recall score
(rho=-.58, p=.010) of the Japanese National Policy Agency Cognitive Impairment Screening
Test for Senior Drivers. A significant correlation was also found between speeding and
delayed recall score (r10=.45, p=.048). However, the change of trafic violations after the
road safety course was not significant.

Conclusion: Our results suggest that a single cognitive function test is not enough to
detect unsafe driving. Future research is needed to clarify the effect of road safety course
using video image data of driving in elderly drivers.

Keywords: Cognitive Function, Driving Safety, Elderly Drivers, On-road,
Traffic Violations
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Cognitive Function and Traffic Violations in Elderly Drivers

1. Introduction

Recently, fatal and serious traffic accidents caused by elderly drivers
occur with increasing frequency in Japan. The Japanese government has
pointed out that elderly drivers with reduced cognitive functions are at a
higher risk of traffic accidents. According to the National Police Agency of
Japan (2018a), the number of fatal accidents caused by elderly drivers aged
75 and above is higher than that of elderly drivers under the age of 75. The
elderly driving issues have also been discussed in other countries. In
Australia, research showed a slight increase in the involvement of drivers
aged 85 and older in fatal crashes (Thompson et al., 2018). A report from
Taiwan (Directorate General of Highways, n.d.) also indicated that the
number of traffic accidents by elderly drivers aged 75 and over increased from
97 in 2012 to 103 in 2016.

To decrease traffic accidents in older drivers, some countries have revised
policies. In Japan prior to 2017, cognitive function tests were conducted every
three years for drivers over 75 years old when they applied for the driver's
license renewal. However, the Japanese government revised the traffic law in
2017 in consideration of the fact that cognitive function in elderly people
(especially those over 75 years old) may decline year by year (National Police
Agency, 2021) and that there are individual differences in driving abilities
(National Police Agency, 2017). The amendment includes that drivers over 75
years old who committed certain traffic violations would need to take

cognitive function tests and those who are suspected for having dementia
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would need immediate medical consultations. A similar driving license policy
also can be found in Taiwan. In 2017, the Taiwanese law on driver's license
management system for the elderly came into effect (Directorate General of
Highways, 2017). This law mandates the renewal of licenses every two years
for motor vehicle and motorcycle drivers over the age of 75. In order to renew
their driving licenses, they must pass the medical examination standards and
cognitive function tests specified in the law.

The Japanese government recommends surrendering of driver’s license
in cases with dementia, possibility of dementia, and anxiety about driving.
Local governments also encourage voluntary return of driver’s license for the
elderly. For example, elderly people who voluntarily return their driver’s
license can get coupons for public transportation. The number of voluntary
return of driver’s license in Japanese elderly people over 65 has increased
year by year (National Police Agency, 2018b). However, the rate of elderly
driver's license voluntary return is not always high. In Tokyo, where the
public transportation system is well developed, the rate is 7.25%, but in
Ibaraki Prefecture, where this study was carried out, it is 3.19% (NLI
Research Institute, 2019). A significant difference was found between the
urban city and suburban or rural area, and inadequate public transportation
in suburban areas is the primary reason.

On the other hand, driving ability is related to quality of life in the elderly.
A study reported that continuing to drive was strongly associated with

reducing the amount of care provided to the elderly and preventing the
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decline of cognitive function (Shimada et al., 2016). It is necessary for the
elderly in suburban areas to preserve independent mobility and activity.
Although there have been several approaches to decrease traffic
accidents by elderly drivers, traffic accidents caused by this population is still
an issue in Japan (National Public Safety Commission and National Police
Agency, 2020). For the elderly who live in country areas and have to continue
driving, we suggest it is important to re-educate them on how to drive safely.
The drive recorders were applied in the safe driving program in Japanese
companies related to transportation or delivery business. The content of the
program is to learn how to drive safely, prevent traffic accidents, and to
improve risk prediction by watching video recordings. The safe driving
program was reported to decrease the number of accidents from an average
of 1.31 cases per month to 0.57 cases at 76 companies which carried out safe
driving program using drive recorders (Japan Trucking Association, 2015).
Some studies have examined the relationship between cognitive function
and performance in standardized road tests, and found that the elderly
dementia group had worse driving performance and poorer cognitive function
than the elderly without dementia (Carr et al., 2011; Aksan et al., 2015).
Driving skills include several continuous processes of recognition,
judgment, and operation. In order to drive safely, the driver must be aware of
the traffic and make accurate judgments. Drivers also maintain safe driving
by a process of constant self-feedback and modification of driving maneuvers
in response to various changing traffic conditions. Therefore, in this study,

we hypothesized that attention function and spatial cognitive function would
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be related to oversights and mistakes regarding traffic lights and signs. Older
adults with declined cognitive function would have more mistakes regarding
traffic lights and signs while driving a car than older adults without cognitive
decline.

Inconsistent results have been reported on the relationship between
cognitive function and driving abilities. Therefore, the purpose of this study
was to examine the relationship between the cognitive function assessments
of elderly drivers and their traffic violations in daily life situations. In addition,
we aimed to examine the effect of a short-term safe driving educational
program for elderly drivers by using drive recorder video data and Global

Positioning System (GPS) digital data.

2. Methods

2.1 Participants

Participants were recruited by free town newspapers that were
distributed in 13 cities in the south of Ibaraki Prefecture, Japan. The
inclusion criteria were: (1) age 65-80, (2) having a valid ordinary car driving
license, (3) driving more than once a week, (4) having voluntary driving
insurance, and (5) family approval for participation in this study. The family
consent was obtained to allow the participant only to use his/her own car for
two weeks (one week before and one week after the educational program). The

participants also signed the informed consent.
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The exclusion criteria were: (1) having any medical conditions making
them inappropriate to drive (e.g., epilepsy, syncope), (2) the diagnosis of
dementia from a doctor, or suspected as having cognitive impairments
screened by the Mini-Mental State Examination (MMSE, Folstein et al., 1975;
Mori et al., 1985) < 24, and (3) category 1 in the Cognitive Impairment
Screening Test for Senior Drivers. This study has been approved by the
Medicine Ethics Committee of Ibaraki Prefectural University of Health

Sciences (approval number: 852).

2.2 Measurements

Figure 1 shows the flow chart of this study. The assessments included
the MMSE, Cognitive Impairment Screening Test for Senior Drivers, Trail
Making Test (TMT), Alzheimer's Disease Assessment Scale-Cognitive
component-Japanese version (ADAS-Cog-J) maze task, and Rey-Osterrieth
Complex Figure Test (ROCFT).

The Cognitive Impairment Screening Test for Senior Drivers is
incorporated in the Japanese Road Traffic Act (National Police Agency, n.d.).
The examination is required for license re-newers aged 75 and over as a
screening test for dementia. The content of the test includes orientation for
time, short term memory test, and clock drawing. The second part of the
Screening Test is a delayed recall test of four sets of four graphic objects. The
score was generated from participants’ free recall and cued recall
performance of the 16 items. An overall score was calculated from these

subscale scores. The more correct answers, the higher overall score.
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I Recruiting Participants (n=20) I

v

Participation Criteria

+ Age 65-80, regardless of gender

+Having a valid ordinary car driving license

* Driving more than once a week

*Ruling out the diagnosis of dementia

- No health concerns

+ Family approval for participation in this study

R

I Included subjects (n=20) I I Excluded subjects (n=0) I

Cognitive function test

*Mini Mental State Examination

- The National Police Agency Cognitive Impairment Screening Test for Senior Drivers

* Trail Making Test

* Alzheimers Disease Assessment Scale- cognitive component-Japanese version (Maze Task)

*Rey — Osterrieth Complex Figure Test

Driving assessment

Attach Return
* Drive Recorder * Drive Recorder

- GPS System - GPS System

A 4

Data Analysis
* Drive recorder video data
- GPS system digital data

v

Road Safety Session (120 minutes)
* A lecture by an occupational therapist
' Discussion by the subjects
- The personal reports
' Distribution of personal reports

Driving assessment

Attach Return
* Drive Recorder * Drive Recorder

- GPS System - GPS System

Data analysis
- Drive recorder video data
* GPS system digital data

Figure 1. The research steps
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According to that overall score, the participants were classified into three
categories: (1) may have dementia (total score<49), (2) mild decline in cognitive
function (total score between 49 and 75), and (3) no cognitive decline (total
score>75).

The TMT was used to test attention function (Davies, 1968). Part-A is an
inspection that connects numbers (1 to 25) with a line. The Japanese version of
Part-B is a test that connects numbers (1 to 13) and hiragana characters (from
'H' to' L) alternately with lines. In this study, the time required for each was
measured using the vertical type of Part-A and Part-B. Non-completion within
the cut-off time indicates decline of attentional function.

The ADAS-Cog was used to assess the progression of Alzheimer's disease
and Mild Cognitive Impairment (Mohs et al., 1983). ADAS-Cog-J is the Japanese
version of ADAS-Cog (Sugisita, 2011) and consists of 15 subtests. Among the
subtests, we used the maze task and measured the required time and the
number of errors.

The ROCFT evaluates the participant’s visual (non-verbal) memory and
visual space cognition. Participants were asked to copy a complex figure
(copying task) and draw it again from memory three minutes later (delayed
recall task). The maximum score for both tasks is 36 points (Anamizu, 2003).
The more accurately the figure, the higher the score. The psychometric
characteristics of the ROCFT have been studied (Liberman et al., 1994).

We also obtained driving behaviors by analyzing drive recorder video data,
and GPS digital data. A drive recorder (DRV-830, manufactured by Kenwood

Corporation) and GPS (manufactured by Genext) were installed in each
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participant's private car. The participants were asked to drive as usual for a
week (seven days). The drive recorder and GPS were set to continuous recording
mode during driving. The drive recorder with camera and body integrated was
mounted within 20% of the top of the windshield or behind the rear-view mirror.
The viewing angle of the camera was recorded at 132° horizontal, 70° vertical,
and 144° diagonal in front. The drive recorder device had a built-in GPS and
was used to log the exact position and speed of the participant’s vehicle. At any
point in the video recording, it allows us to pinpoint where it happened and how
fast the vehicle was moving.

The video image data were downloaded from the drive recorder to examine
driving behaviors. Eighteen types of traffic violations commonly made by older
drivers with cognitive decline (National Police Agency, 2016) were examined. In
addition, driving data (route, speed, distance and frequency of travel, duration
of each trip) were collected from the GPS. In a GPS, satellites are used to
automatically analyze the speed of the car (e.g., stopped, not stopped). This
GPS was designed to support positioning using the Quasi-Zenith Satellite
System (QZSS). The QZSS is a Japanese satellite navigation system developed
by the Japan Aerospace Exploration Agency. The system supported sub-meter
class positioning, which can measure the position with an error of less than one
meter. Of these traffic violations observed in the GPS, digital data were
automatically analyzed for the following violations per 1 kilometer: stop sign
violation, driving between O to 19 km/h over the speed limit, driving between

20 to 25 km/h over the speed limit, and failure to stop at railroad crossings.
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We synchronized the video data of the drive recorder with the digital data
of the GPS. Moreover, we studied the data for seven days before and after the
participants took the road safety course. We identified 18 different violations
from the drive recorder and counted all the participants' traffic violations. From
the GPS, we counted the number of automatically recorded driving distances,
driving hours, failure-to-stop violation locations, speed limit violations, and

failures to stop at railroad crossing violations.

2.3 Intervention

The road safety course, lasting 120 minutes, was supervised by a staff
member of Ibaraki Police Headquarters and a staff member of Ibaraki Driver’s
License Center, Japan. The course first started with an occupational therapist
giving a lecture on the characteristics of driving as seen from a drive recorder
using slide teaching materials. Then the participants watched a video clip of six
different dangerous driving scenes with multiple violations. After that, they were
divided into two groups to discuss "what kind of danger may occur” and "what
kind of driving behavior leads to safe driving". After their discussion, the
researchers talked to the participants about the characteristics of traffic
accidents caused by Japanese elderly drivers and provided personal reports to
all participants. The report summarized the 7-day driving records based on the
analysis of the drive recorder and GPS data, including the number of driving
days, driving time, mileage, good points, refinement, and advice. We expected

that the information in these reports could provide a useful reference for them
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to drive safely in the future. We also received advice on the content of the road

safety course from the supervising police officers.

2.4 Data Analysis

Descriptive statistics was shown with mean and standard deviation. The
percentage of traffic violations in the drive recorder video data and GPS digital
data was calculated based on the average number of violations per kilometer of
distance traveled by the participants over the seven days. The correlation
between each test on the cognitive function and the number of traffic violations
was analyzed using the Spearman’s rank correlation coefficient. A Wilcoxon
signed-rank test was used to compare the performance before and after the road
safety course. The statistical analysis package software SPSS Statistics ver.
27.0 was used. The significance level of each test was set at 5% (p<.05). Effect
size r as a measure of change before and after the course was calculated and
interpreted according to the criteria by Cohen (1992) (small: .10; medium: .30;

large: .50).

3. Results

3.1 Participant Characteristics and Number of Traffic Violations

Twenty elderly people participated in this study and the participant
characteristics were shown in Table 1. Figure 2 shows the average number of
traffic violations observed in the drive recorder videos. The most frequently

occurring violations were stop sign violation (24.10 times), improper right or left
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turn at an intersection (13.55 times), and ignoring traffic signals (3.85 times).
Figure 3 shows the average number of traffic violations observed in the GPS
data. The most frequently occurring violations were driving between O to 19
km /hr over the speed limit (27.80 times), stop sign violation (14.15 times), and

driving between 20 to 25 km/hr over the speed limit (4.50 times).

Table 1
Participant characteristics (N=20)
Mean (SD) n (%)
Age (years) 73.2 (4.3)
Gender
Men 10 (50%)
Women 10 (50%)
Holding a license (years) 44.2 (9.9)
Traffic accidents withing the past 5 years 2 (10%)
Traffic violations within the past 5 years 5(25%)
MMSE 29.05(1.2)
TMT-Part A (seconds) 33.1(10.5)
TMT-Part B (seconds) 102.9 (34.8)
CIST-SD
Category 2 6 (30%)
Category 3 14 (70%)
Total score 81.3 (7.8)
Orientation for time 14.9 (0.4)
Delayed recall score 22.7 (4.5)
Clock drawing 7 (0)
Maze task in ADAS-Cog-J
Time (seconds)
Number of errors 54.9 (31.7)
ROCFT 2.5(2.5)
Copy 354 (1.1)
3-min delayed recall 21.6 (6.5)

Note. MMSE = Mini-Mental State Examination; TMT-A = Trail Making Test Part-A; TMT-B = Trail Making
Test Part-B; CIST-SD = Cognitive Impairment Screening Test for Senior Drivers; ADAS-Cog-J = Alzheimer's
Disease Assessment Scale-cognitive component-Japanese version; ROCFT = Rey-Osterriech complex figure
Test.
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Violation of safe driving duty
Signal failure

Stop sign violation 24.10

Without slowing down

Crossing pedestrian blockage at intersections without pedestrian crossings
Interference with pedestrians at pedestrian crossings

Improper right or left turn at an intersection

Course change prohibition violation

Violation of traffic classification

Violation of prohibited place

Ignoring traffic signals 385

0.00 5.00 10.00 15.00 20.00 25.00

B Numbers indicate the average number of'traffic violations

Figure 2

Average number of traffic violations observed in the drive recorder video (20 participants)

4 14.15
3 27.80
2 4.50
1 W 0.60
0.00 5.00 10.00 15.00 20.00 25.00 30.00

M Numbers indicate the average number of traffic violations

Figure 3

Average number of traffic violations observed in the GPS (20 participants)
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3.2 Correlation Between Cognitive Functioning and Traffic Violations

Table 2 shows the correlation between cognitive functioning and traffic
violations observed from the drive recorder videos. A significant correlation was
shown between the stop sign violation and the orientation for time score of the
Cognitive Impairment Screening Test for Senior Drivers (rho=.45). Significant
correlations were also found between the improper right or left turn and the
total score (rho=-.50), orientation for time score (rho=.57), delayed recall score
(rho=-.58) of the Cognitive Impairment Screening Test for Senior Drivers.
Additionally, marginally significant correlations were observed between the
improper right or left turn and the ROCFT Copy score (rho=-.42), and between
violation of ignoring traffic signals and TMT-B Time (rho=.40) and ROCFT Copy
score (rho=-.39).

Table 3 shows the correlation between cognitive functioning and traffic
violations recorded by the GPS. A significant correlation was found between
driving O to 19 km/hr above the speed limit violation and delayed recall score
in the Cognitive Impairment Screening Test for Senior Drivers (rho=-.45).
Additionally, marginally significant correlations were seen between the stop sign
violation and the orientation for time score of the Cognitive Impairment
Screening Test for Senior Drivers (rho=.43) and the number of errors of maze

task for ADAS-Cog-J (rho=.42).
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Table 2
Correlation between cognitive functioning and traffic violations by drive recorder video data
(N=20)

. L Improper right or left . .
Stop sign violation . . Ignoring traffic signals
turn at an intersection

rho (p) p-value  rho (p) p-value rho (p) p-value

MMSE .56 .814 -.15 .543 -.14 .545
TMT-A Time (seconds) -.06 .806 -.03 905 .10 .692
TMT-B Time (seconds) 11 .640 .08 748 40 .081
CIST-SD

Total score .19 431 -.50 .024* -.36 121

Orientation for time 45 .047* 57 .009*** 29 212

Delayed recall score 17 474 -.58 .010** -.35 135
Maze task for ADAS-Cog-J

Time (seconds) .20 932 .19 421 12 .622

Number of errors 37 .106 .10 .681 .08 732
ROCFT

Copy -.10 677 -.42 .067 -.39 .090

3-min delayed recall -.17 465 -.15 .539 -.29 221

Note. MMSE = Mini-Mental State Examination; TMT-A = Trail Making Test Part-A; TMT-B = Trail Making
Test Part-B; CIST-SD = Cognitive Impairment Screening Test for Senior Drivers; ADAS-Cog-J = Alzheimer's
Disease Assessment Scale-cognitive component-Japanese version; ROCFT = Rey-Osterriech complex figure
Test.

*p<.05. ¥*p<.01. ***p<.001.

3.3 Change After the Road Safety Course

Table 4 shows the traffic violations before and after the road safety course.
For the drive recorder data, the differences were not significant and with
medium effect sizes. For the GPS data, the differences were small and not

significant.
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Table 3 Correlation between cognitive functioning and traffic violations by drive recorder video
data (N=20)

Driving between 0 to 19 Driving between 20 to 25

Stop sign violation

km/h over the speed limit  km/h over the speed limit
rho (p) p-value rho (p) p-value rho (p) p-value

MMSE -.01 983 .01 967 -.06 798
TMT-A Time (seconds) -.03 .887 -.01 970 24 305
TMT-B Time (seconds) .10 .663 -.22 .349 .04 .883
CIST-SD

Total score .09 719 -.40 .081 .01 975

Orientation for time .43 .062 28 233 .05 .837

Delayed recall score .07 176 - .45 .048* -.05 851
Maze task for ADAS-Cog-J

Time (seconds) .04 875 .07 157 .09 702

Number of errors 42 .062 -.14 .546 .08 749
ROCFT

Copy -.15 .538 -.26 269 .05 824

3-min delayed recall - .18 449 -.10 .672 .09 712

Note. MMSE = Mini-Mental State Examination; TMT-A = Trail Making Test Part-A; TMT-B = Trail Making
Test Part-B; CIST-SD = Cognitive Impairment Screening Test for Senior Drivers; ADAS-Cog-J = Alzheimer's

Disease Assessment Scale-cognitive component-Japanese version; ROCFT = Rey-Osterriech complex figure

Test. *p <.05.

Table 4

Traffic violations before and after the road safety course (N=20)

Before After
Traffic violations Mean = SD (range) Mean = SD (range) p-value  Effect size
Driver recorder data
Stop sign violation 0.21£0.09 (0.02-0.36)  0.17£0.11 (0.04-0.46) .145 33
Improper right or left turn at
. . 0.15+0.11 (0.02-0.42)  0.11+0.08 (0.01-0.37) .073 40
an 1ntersection
Ignoring traffic signals 0.04+0.03 (0.00-0.09)  0.03+0.02 (0.00-0.09) .117 35
GPS data
Stop sign violation 0.12+0.06 (0.03-0.22)  0.10+0.06 (0.01-0.22) .255 .26
Driving between 0 to 19
o 0.254+0.17(0.00-0.64)  0.22+0.13(0.04-0.45)  .444 17
km/h over the speed limit
Driving between 20 to 25
0.04+0.03 (0.00-0.13)  0.03+0.03 (0.00-0.11) .334 22

km/h over the speed limit
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4. Discussion

For the elderly, driving as a means of transportation is important in
maintaining quality of life. This study examined the relationship between
cognitive function and traffic violations and the effects of a road safety course
for elderly drivers. In this study, older adults with a diagnosis of dementia and
suspected to have moderate to severe cognitive impairments or dementia were
excluded. Therefore, the target population was active community-dwelling older
drivers with normal cognitive function or mild cognitive impairment. Although
one participant in our study had extreme scores, the results of statistical
analyses were similar with and without that participant. Therefore, we decided
to report the data of all 20 participants, and it is recognized that this is a small
sample size and future research should include a larger sample size.

This study used a naturalistic driving observation approach and recorded
older drivers’ behavior over 14 days (in total). Our approach is different from Uc
et al. (2005), who applied a way-finding task, and Grace et al. (2005), who
administered a standardized on-road driving evaluation. The different
approaches may lead to different driving performances (Chen, Gélinas, & Mazer,
2018). In our study, the videos from the drive recorders were visually checked.
We detected violations that could cause serious traffic accidents to assess the
characteristics of unsafe driving behavior of elderly drivers.

The types of violations that can be identified by the drive recorder videos
and GPS digital data are different. In this study, the video recording had almost

double the number of stop sign violations compared to the GPS recordings. This
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was because even with the GPS tracking the vehicle while it was in motion, it
was not possible to detect all of the restricted areas. For example, on narrow or
newly completed roads, a pause violation could go undetected. On the other
hand, the video images of the drive recorder made it possible to observe such
events in more detail. After checking the videos from the drive recorders, we
found participants were not slowing down enough when making right and left
turns at intersections. Some of the participants turned at intersections at
speeds close to 40 km/h, and they were counted as having more right and left
turn violations and steering wheel operation was executed before gas pedal or
brake operation. This finding led us to believe that when sudden danger
occurred, they would not decelerate sufficiently and would instead operate the
steering wheel on the spur of the moment, leading to a major collision. In the
future, we would like to obtain greater detail by analyzing video clips from drive
recorders and compare their speed start time and steering wheel operation time.

It is important to evaluate older people’s cognitive function to know if they
can continue to drive safely or not. A number of studies have reported that a
single cognitive test is inadequate to determine driving aptitude in older adults
(Carr et al., 2011; Manning, Davis, Papandonatos, & Ott, 2014). The MMSE was
reported to have moderate predictive validity for pass/fail on road driving
assessments (Crizzle, Classen, Bédard, Lanford& Winter, 2012). The Montreal
Cognitive Assessment (MoCA) was reported to have slightly higher predictive
validity than the MMSE if the MoCA score was less than 18 (Hollis, Duncanson,
Kapust, Xi, & O'Connor, 2015). Our study found that conducting a single

dementia screening test, such as the MMSE, may not be able to adequately

53



K. Fukuzawa, H. Shiraishi, W-L Tung, N. D. Parry

assess the risks and dangers of elderly drivers. To understand the relationship
between cognitive function and dangerous driving behavior of elderly drivers,
we investigated the relationship between cognitive function and common traffic
violations. We found a significant correlation between the inappropriate turns
at an intersection and the delayed recall test of the National Police Agency
Cognitive Impairment Screening Test for Senior Drivers, which may be because
drivers forgot the traffic environment they had recognized and thus made
inappropriate turns. In addition, we found that ignoring traffic signals only had
marginally significant correlations with the TMT-B and ROCFT Copy. A cohort
study reported that the ROCFT and TMT-B were useful in distinguishing
between safe and unsafe drivers in patients with Parkinson’s disease and
Alzheimer’s disease (Grace et al., 2005). The reason for the different results may
be related to the fact that the participants in this study were healthy elderly
drivers, and the cognitive function assessments we used were not sensitive
enough. Future work with sensitive measures for cognitive function in healthy
elderly drivers is needed.

The results of this study showed that the road safety course tended to
reduce the number of improper right and left turns at intersections and ignoring
or missing traffic signals. Examining actual driving images from drive recorders
can provide feedback to elderly drivers and enhance their safety awareness.
Elderly drivers who are concerned about driving safety are likely to have high
motivation to attend the road safety course, while drivers who are not confident
in their driving ability may not. Future research should encourage elderly

drivers who are anxious about driving to participate.
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5. Conclusion

We analyzed drive recorder data and GPS digital data to understand traffic
violations commonly made by elderly drivers, and then investigated the
relationship between cognitive functional tests and traffic violations and
conducted a road safety course for elderly drivers. The results only showed a
few significant associations between some cognitive function tests and traffic
violations. The participants had marginally significant decrease in improper
turns at intersections after the road safety course. This study highlights the
importance of realistic assessments using drive recorders and GPS information.
Future research is needed with a large sample size and including elderly drivers

who are less confident in driving.
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Abstract

3D printing is a type of manufacturing process that uses a digital model to create a 3D
object. The combined use of 3D scanning and 3D printing technologies creates a
comfortable and custom fit mold. Therefore, the aim of this study was to investigate the
differences of wearing comfort between cock-up splints fabricated with 3D printing
technology and with conventional manual work. Ten able-bodied participants
participated in this study. After fabrication of wrist cock-up splints by conventional
manual fabrication and 3D printing was done, participants were assigned to wear these
two types of wrist cock-up splints. The sequence of the wearing splint was randomly
assigned with a one-week interval. After eight-hour wearing, participants were asked to
indicate the comfort level. The results indicated that no differences of wear-comfort were
noticed between these two molds. 3D printing technology appears to be a promising
method to help therapists fabricate the wrist splint. The advantages of 3D printing include
easy replication, aesthetic features, and good quality. However, the use of 3D printing to
fabricate large splints is relatively time-consuming. Therefore, the application of 3D
printing for fabrication of small finger splints deserves further attention and in-depth
study.
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gl e (U=2.50, z=-2.66, p=.008) » @ & ¥ F & o2 34| = 8

& 43

(U=12.50,2=-1.35, p=.176) = o %] {¥ % i85 f& ¥ chec 5 £ » 15 98] 22 3 g (T2-T1) 2

BrAdemar- My L8 22, N=18)=4.79 » p=.091 -

%3
iR REEELER L2 R RiniEE B
VR+SMR VR-Only Control
(n=6) (n=6) (n=6)
(H =] pF) Mean (SD) Mean (SD) Mean (SD) p value
TopE s g
TO 1.50 (0.71) 0.67 (0.82) 0.92 (0.20) -
T1 1.92 (0.92) 1.25(0.99) 1.00 (0.32) -
T2 1.83 (0.82) 0.75 (1.17) 1.00 (0.32) -
T1-TO 0.42 (0.74) 0.58 (1.43) 0.08 (0.20) 178
T2-TO 0.33 (0.26) 0.08 (1.56) 0.08 (0.20) .149
T2-T1 -.08 (0.59) -0.50 (0.55) 0.00 (0.00) 208
FR-FH L
TO 1.00 (1.67) 0.67 (1.21) 1.75 (1.29) -
T1 3.17 (2.14) 2.17 (2.40) 1.58 (1.16) -
T2 2.83(2.32) 1.33 (1.75) 1.67 (1.21) -
T1-TO 2.17 (1.72) 1.50 (1.64) -0.17 (0.41) .016*
T2-TO 1.83(1.72) 0.67 (1.63) -0.08 (0.20) .013*
T2-T1 -0.33 (0.52) -0.83 (1.17) -0.08 (0.20) .091
(A) (B)
(DI [0 1)
35 s
3 3 /’N—\
= ~=YRSM l': - e e VRASM]
|.; e > VRO | . / - < :’lwnh
. « Coatrol . = Gikispnl,
1 : ot —e L PO - 1 4‘ -
05 | = N 0.5 =
0 0
ATy HR(TT) HW(T2) HA(TO) wATH ARTY)
B3
ZlewiEd fu R (). (A) 2T oB) 2R
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%4
= & .3%5:;?31?@4-%‘:?2 B R L2 R E o RAEcEZE B R
VR+SMR VR-Only Control
(n=6) (n=6) (n=6)

(8 =] ) Mean (SD) Mean (SD) Mean (SD) p value
Lop-air
TO 3.25(1.92) 2.92 (1.72) 3.83 (1.51) -
Tl 417 (1.97) 3.25(2.27) 3.67 (1.60) .
T2 5.08 (2.84) 4.50 (2.65) 3.50 (1.48) .
T1-TO 0.92 (1.11) 0.33(0.98) -0.17 (0.41) 112
T2-T0O 0.92 (1.86) 1.58 (1.66) -0.33 (0.52) 093
T2-T1 1.83 (2.70) 1.25 (1.75) -0.17 (0.41) 170
T p-pFEE
TO 5.08 (1.32) 6.25(2.21) 5.83 (1.57) .
Tl 5.17(1.21) 5.17 (1.44) 5.75 (1.54) .
T2 5.08 (1.53) 5.17 (1.44) 5.58 (1.43) .
T1-TO 0.08 (0.49) -1.08 (1.77) -0.08 (0.20) 204
T2-T0O 0.00 (0.55) -1.08 (1.74) -0.25 (0.42) 382
T2-T1 -0.08 (0.38) 0.00 (0.55) 0.17 (0.41) 654
Top -k A
TO 5.42 (2.44) 3.83 (2.81) 4.92 (1.07) .
Tl 475 (1.57) 5.50 (2.17) 5.17 (1.29) .
T2 433 (1.57) 4.67 (1.91) 5.42 (1.36) .
T1-TO -0.67 (0.98) 1.67 (2.68) 0.25 (0.42) 131
T2-T0O -1.08 (2.10) 0.83 (1.57) 0.50 (0.45) 097
T2-T1 -0.42 (0.80) 0.83 (1.21) 0.25 (0.42) 082
Top-tk i
TO 10.25 (1.41) 11.00 (1.41) 9.42 (1.32) -
T1 9.92 (1.24) 10.08 (1.53) 9.42 (1.32) .
T2 9.50 (1.26) 9.67 (1.89) 9.50 (1.18) -
T1-TO -0.33 (0.82) -0.92 (0.38) 0.00 (0.00) .090
T2-T0O 0.75 (1.67) 133 (1.17) 0.08 (0.20) 132
T2-T1 -0.42 (1.07) -0.42 (1.16) 0.08 (0.20) 661
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24 (80
TEEBETFE-HAFER X2 2% s R4cBcE 2 2 i
VR+SMR VR-Only Control
(n=6) (n=6) (n=6)

(5 ] ) Mean (SD) Mean (SD) Mean (SD) p value
FAR-10F
TO 0.00 (0.00) 0.00 (0.00) 0.75 (1.17) -
T1 0.00 (0.00) 0.00 (0.00) 0.75 (1.17) -
T2 0.00 (0.00) 0.00 (0.00) 0.83 (1.33) -
T1-TO 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 368
T2-TO 0.00 (0.00) 0.00 (0.00) 0.08 (0.49) 1.000
T2-T1 0.00 (0.00) 0.00 (0.00) 0.08 (0.49) 729
FR-pFER
TO 5.08 (1.69) 5.08 (1.60) 5.50 (1.58) -
T1 4.58 (1.05) 5.00 (1.21) 5.33(1.47) -
T2 4.42 (1.02) 5.16 (1.39) 5.17 (1.17) -
T1-TO -0.50 (0.97) -0.08 (0.49) -0.17 (0.26) .560
T2-TO -0.67 (0.98) 0.08 (0.67) -0.33(0.93) 410
T2-T1 -0.16 (0.20) 0.17 (0.41) -0.17 (0.93) 490
G G 7
TO 8.42 (2.99) 7.50 (2.45) 7.25 (1.86) -
Tl 9.92 (2.49) 8.33(1.89) 7.50 (1.61) -
T2 9.58 (2.11) 8.26 (1.32) 7.58 (1.53) -
T1-TO 1.50 (1.05) 0.83 (1.17) 0.25(0.42) .064
T2-TO 1.17 (1.29) 0.76 (1.74) 0.33 (0.52) 391
T2-Tl -0.33 (0.61) -0.07 (0.76) 0.08 (0.20) 343
FR-RE
TO 10.50 (1.73) 11.42 (1.46) 10.50 (1.23) -
Tl 9.50 (1.67) 10.67 (0.88) 10.42 (1.16) -
T2 10.00 (1.38) 10.58 (0.67) 10.42 (0.97) -
T1-TO -1.00 (0.55) -0.75 (0.88) -0.8 (0.38) .078
T2-TO -0.50 (0.45) -0.83 (1.21) -0.8 (0.38) 304
T2-T1 0.50 (0.45) -0.08 (0.49) 0.00 (0.32) .075
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gl FETE S S ’ﬁ RECLANRIE e J L UIGEPECE g R Pl S R
FEFATEUERTBEVRLE A AR %‘x)]} (Sohn et al., 2016) ~ 324 (Chan

etal.,2010) E# o w » AT RIRIZEIEF VRGEH L AR S0 0 B FE

SIApp AR > FRE B RF AL AENRET MK TR EEBE -

—  ERERREEZ TS

RRFF SO RRF B MR FF AL 2> T ERY R EHT

/ﬂ

° 3T
g R RER T i e e 7B 5% A B 5 (high intensity interval
training)  FIRFAH AR BEELOB I DA XHF > £ 5 - J—m%;fkﬂ‘ DRk o
FEd ' RenT R 5 5 64% (Romain et al., 2019) ¥ - F77 g* #1812 54 11 &)
BELEADERLFS SE A2 GG 2P F > X F SRR D
MR % 5 34% (Browne et al., 2021) ¢ ¥ - #F31F § E# 4 0 L] A E SR
R CGRL B FEERA A D2 BRI R e S D B 12
FPREALY DR F 5 81% (Bredinetal,2013) o 2 ¥ § AL E A 4TET A
FARAREEBER N » 3 530190 F 5 32.5% (Dauwan etal., 2016) » 77 5 3 4
Fe A AR -5 ABEFRBETREA EHER Y BH - B OTR
FRERSEARY 0 XFET R P IR FF 2 AN F K 2o g it App
RUA AT RRETAEAFETLEAAFHE R R LT AR L3 E 0 4%
A7 e FIRg PIRTH w?;ﬂ:&ﬁzﬁp\ S B IR £ o S e B RN

RERFZAFFLEER > L) BE0F R F > Y RZRGII L B2t

P2 R B EA T ko @E IR P e 5 %44 Bredin & 4 (2013)
ERES SRR SRR

\?k r

Aora R RS BB RRADLREY (m12)
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BERBRBEMN B 6 - B FEE E GoogleMap #HF > K T RIHITITARMZ &

HE o A A RE LIRE S A e F L RRGER TR AR B e

T ¥ PVRDTRA EkiE R % A 40§ (Bredin et al,, 2013; Su et al., 2016) ¥
AREBERL-FIocs ) FESES ) AHARTAEALLRY G

SRR AR R o FREE AL ERRME LA ERRE

3B G F R PR L F AR BB YRR > b - B PR

11\1.

EHERA S ZEINRBAAF OB YV L (FEREE2017) 0 AEY
v REE2 AR pEED 2 FEAR D2 > 2GR E THARLUE YV ER XY
S8 3 ?%%f‘%\

- EEBEERRE N AR

AFIRRERERTE BN FH T NES S ARFRY > R
BB A R R F 0w L2 B (TI-TO) » T p i@ s prF 4= 19 0.42 3] 0.58 -]
p_ﬂj,,kg\hpé.ﬂ—r’\lg f,ﬁ},mggggmﬁw‘u%fhy fe & DR 50 482 R
FBREA A BRI w@ﬁ%ﬁ%?’w%lﬂﬁ%ﬁ%ﬁﬁ%
Booom T pE RIS AR et BE R  SNS R FIEBL(T2-TL) 27 > 2% &
AL XL p g %ﬁﬁﬁ@&%§¢’Pziﬁxiﬁﬁﬁéﬁmip%
NHEEYRALRS O TRRFILGACEFEA MEF S »A RFT Y R A
F PR A ok

BRI GER SR R R AN R F T BRI F (TI-TO) %4
PER 3 4 1.50 3] 2.17 -} P¥ > VR+SMR ‘efdr 4] e g 3% 2 (p=.008) > ¥ VR-
Only ‘ez frdiedpit 77 5 B W3 R (p=020) 0 B m# T B A7
BEFEFNEAOALFE L PRHALFERRN L TR LB F AL
Pieh ~ N S RS oa AR REE R B (T2-Tl) = 2w aik At
ER RO E 5-0835008 o euz B gEATHELR LR
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AEEALE- B AL ELARMEEH FEPFF > LV add@s g o
Flt Rl RGEH R L WA R e 7 2t - e

OB R L AR 52 SRR A~ 4p Y £ & 2 3RAL (Stubbs et al., 2016;
Vancampfort et al., 2015) » iz % Fﬁ:ﬁ? fFIRB A QA1 p Aoma 5E 0 @ gD
AT fBRi E# (Chen et al., 2017b; Vancampfort et al., 2012) » m#F H 7 £ &
LELADREBRPREP A4 0 DHEERI PR £ R/ (Vilimakietal., 2014) -
T FAHERLUTESNBRRT RPN R LA AR R 0

ﬁ&pé&?ﬁﬂa{,;mﬁia&w%Aﬁ “# 82 3 2> 2 (Alptekinetal.,

R

2

2020) - Bredlin % 4 (2013) 3 * % P42 § § EH0REE 23 S5 A £
é&ﬁaﬁ»&’jjmﬁﬁﬁﬁzzse&ag_Lgmgﬁu“mw&wgw,%s—
FTH N EREF TR HBRERELT A A RB RRF16E 2 Yy d B
q LA AR G SR e AR B B S B R A Rt ot R 8 R
P ElEFALARL S LR EE T R X R hE P A0 i Ryu et al,
2020); FF AT A b s Ge S R R BMEAES 0 4~ 1624 1
FORE LR L A 4% 4 B hpF R (Beebe et al., 2011; Browne et al., 2021) o
ARLHY RERY BRI S BAT FERRA S e R
FEHEABME 2 7 RELEARERRIMLFEE S E 200 WY
*ARERT pirkhz £ 3 (Beebe et al., 2011; Bredin et al., 2013; Browne et al.,
2021; Ryuetal,,2020) ; LELARBEN T pAFRAPPRFR Y BE - TR
AR EAFT Y FRIFFREPVELTADREZ2FFRY > T 5 1 18§ R
REAAEBRFEIRIPREE LM ES - FEI TV RARY F28 4
B elF B 5 A (Minato & Zemke, 2004) » A FT G g % 4k oA AR L 3F

mEE B AT R A R S ke
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(Vancampfort et al., 2012) ~ 4+ £ 7 X &) x £ 3F (Chen et al.,, 2017b)Z_ 8 ¥ 2 A
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Abstract

To improve physical activity participation in patients with schizophrenia is a crucial
challenge. Emerging technologies such as wvirtual reality (VR), information and
communication technology may provide additional benefits to conventional regimens.
The purpose of this study was to explore the feasibility of VR walking activities, and their
effects on time use among patients with schizophrenia. We also explored the efficacy of
short message reminders (SMR). A pilot randomized controlled trial was conducted with
18 participants being randomly assigned to the VR walking activities with short-message
reminders (VR+SMR), VR walking activities only (VR-Only), or control groups. The
VR+SMR and VR-Only groups attended virtual reality walking activities 5 times/week,
50 minutes/session for 4 weeks. Controls received casual walking with the same dosage.
The VR+SMR group received additional short-message reminders in the follow-up period.
The results indicated that the overall attendance rate of VR walking activities was 96.25%,
with 90.90% of sessions achieved the predetermined target intensity. There were
significant differences on change of exercise participation on weekends among groups at
posttest (p=.016) and follow-up (p=.013). Compared to control group, post hoc analyses
revealed a significant difference in exercise participation on weekends favored VR+SMR
group (p=.008) and marginal significance favored VR-Only group (p=.020). At follow-up,
the VR+SMR group remained significantly larger change in exercise participation on
weekends than the control group (p=.008). The results support the feasibility of VR
walking activities, and their efficacy in exercise participation on weekends in patients with
schizophrenia. Short-message reminders may maintain the behavioral change on physical
activity participation.
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Young Adults With Stroke: A Pilot Study
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Abstract

The use of simulator as an assessmentand intervention tool for driving is an emerging
field in occupational therapy. Simulation technology provides safe and simulated driving
experiences. It can increase drivers' motivation to learn safe driving skills and
metacognitive awareness through a human-computer highly interactive learning
approach. The purpose of this study was to examine the experience of young stroke
survivors regarding driving simulation training and their driving behaviors at 3-month
follow-up. Four participants took driving simulation training for 30 min/session, 3
sessions/week for 3 weeks, in addition to usual therapy. The training program included
six driving simulating scenarios. Participants were asked to complete at least one of each
scenario. After completing the 3-week training program, participants received a semi-
structured questionnaire. A follow-up telephone interview was conducted 3 months after
the training program to check whether the participant returned to driving. The results
indicated that participant’s driving reaction time was significantly improved after the
driving simulation training. The use of driving simulator helped participants recognize
their driving limitations. Three participants returned to driving, and they were not
involved in any traffic accident so far. One participant voluntarily surrendered his driving
privilege. Driving is an occupational activity with high dual-task demands. The driving
simulator can be used to evaluate the driver's potentially dangerous driving behaviors. In
addition to basic clinical evaluations of motor and sensory functions, an assessment battery
comprising useful driving tests is important to reflect the client’s real driving abilities.
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Abstract

In recent years, virtual reality and somatosensory games are widely applied in stroke
rehabilitation. In this study, we developed non-commercial somatosensory games using
Kinect and Leap Motion Controller devices and examined the experience of patients with
stroke on playing these games. We reported features that should be noted when
developing the games, such as the avatar, visual-auditory feedback, and grading concepts.
We also explored the user friendliness of the device. A total of 30 patients with stroke were
recruited (mean age: 43.4 years old, onset time: 8.3 months). 25 patients were ischemic
stroke, and 5 were hemorrhage stroke. We developed six non-commercial games by Unity
3D, and combined ball activities and science fiction in these games. The primary goal of
these games was to enhance motor function of the proximal and distal parts of the upper
extremity. All patients received the therapy for 60 minutes/session, two sessions/week,
for at least 10 sessions. In each session, the therapist would let the patient play four games
appropriate for his/her ability level, with each game lasting for 15 minutes. All
participants filled out the Feedback Efficacy and System Evaluation Questionnaire after
they finished 10 sessions. The results showed that most patients had positive experience
with the treatment. Non-commercial games may fulfill the therapeutic needs. We also
discussed the possible role of age and environment in clinical applications of the system.
This study provides valuable experience on the professional cooperation between
therapists and the engineering team. We hope to deliver more information for
occupational therapists and make these treatments widely acceptable to patients with
stroke.
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