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Abstract: Robotic gait training has the potential to improve secondary health conditions for people
with severe neurological impairment. The purpose of this study was to describe who is using the
Trexo robotic gait trainer, how much training is achieved in the home and community, and what
impacts are observed after the initial month of use. In this prospective observational single-cohort
study, parent-reported questionnaires were collected pre- and post-training. Of the 70 participants,
the median age was 7 years (range 2 to 24), 83% had CP, and 95% did not walk for mobility. Users
trained 2-5 times/week. After the initial month, families reported a significant reduction in sleep
disturbance (p = 0.0066). Changes in bowel function, positive affect, and physical activity were
not statistically significant. These findings suggest that families with children who have significant
mobility impairments can use a robotic gait trainer frequently in a community setting and that sleep
significantly improves within the first month of use. This intervention holds promise as a novel
strategy to impact multi-modal impairments for this population. Future work should include an
experimental study design over a longer training period to begin to understand the relationship
between training volume and its full potential.
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1. Introduction

For people with significant mobility limitations, many aspects of health are impacted.
Physical inactivity, poor sleep, low mood, and constipation are often reported as secondary
complications of limited mobility. People living with disabilities are up to 62% less likely
to meet recommended physical activity guidelines than people without disabilities. For
children with a disability, less than 10% meet physical activity guidelines [1]. Children with
cerebral palsy (CP), the most common cause of physical disability in children, have a higher
incidence of sleep-related problems than children in the general population [2,3], and 55% of
children with severe neurologic impairment report insomnia [4]. Further, non-ambulatory
children experience greater severity of sleep problems than ambulatory children with
CP [5]. Inadequate sleep in children is also related to decreased sleep quality for caregivers,
which impacts parent/caregiver psychological health and well-being [5-7]. Constipation
is also more common in children with CP [8] and depending on how it is defined, it is
prevalent in up to 74% of children with CP [9,10]. Increasing physical activity can yield
health benefits in the previously described domains in addition to the other long-term
sequalae of inactivity for people living with a disability [1].

Over the past decade, robot-assisted gait trainers (RAGT) have gained interest in reha-
bilitation settings for people with mobility limitations. There are now many commercially
available RAGT options. Of the few options suitable for children, children with the most
severe mobility limitations are rarely included in the literature, which often focuses on gait
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outcomes [11-13]. Ultimately, who may benefit from using a RAGT is unknown. Arguably,
exploring the impacts on the most impaired children could be even more meaningful
since options for upright assisted movement are scarce, particularly if the focus shifts
from rehabilitation of gait to exploring broader impacts of assisted mobility, including
secondary health conditions. There is some evidence of improvements in secondary health
conditions for adults post-stroke or spinal cord injury with the use of RAGT [14-17]. With
most of the evidence related to RAGT use coming from the sub-acute clinical rehabilitation
setting, the practical and feasible volume of use in a community setting has not been
determined. It is also unclear what changes might be observed with initial onset of RAGT
use for children with severe mobility limitations, as in some cases, RAGT are the only
way to experience walking. There is some evidence of training benefits with RAGT use in
children with CP [12,18,19], and a case study involving a significantly impaired child found
improvements in bowel function and head control, as well as reduced knee flexor spasticity
and anecdotal reports of improved sleep [20]. A stationary robotic trainer has demonstrated
the potential for provision of physical activity in children [15]. It seems reasonable to
consider that RAGT use may provide benefits associated with reducing sedentary time for
children with significant mobility limitations.

Trexo Robotics (Mississauga, ON, Canada) has developed an over ground robotic
gait trainer for children that can be used at home, school, and in the community, called
the Trexo Home (Trexo) (Figure 1). The robotic legs have an external power source and
the unit attaches to a stable four wheeled walker, allowing for safe mobilization on a
regular basis in the community. The flexibility of using such a device in home, school, and
community settings is novel and allows patients and families to dictate training volume
without needing costly clinic and therapist time. This exploratory observational study
gathers information from new Trexo users to help us understand who might benefit from
using the device and what volume of use is practical and feasible for families. Further, we
test hypotheses that the initial month of RAGT use impacts secondary health conditions
associated with immobility that are highly prevalent in children with mobility limitations.

Figure 1. A child using the Trexo device in the community. The smile is meaningful as it represents
the positive experiences reported by families. This photo was shared with permission.
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2. Methods
2.1. Design

The study was approved by the Conjoint Health Research Ethics Board (REB20-0799).
Participants who had already leased or purchased a Trexo were invited to participate in this
prospective observational single-cohort study. Volume and timing of Trexo use was dictated
by the participants’ families based on what was feasibly achieved in the community for
each participant.

2.2. Setting

Participants used the Trexo in their home, school, and/or community, including
indoors and outdoors. The electronic nature of data collection allowed participants to live
anywhere in the world with internet access; however, most participants lived in Canada
and the United States.

2.3. Participants

Participants were eligible for inclusion if they committed to obtain a Trexo (either
leased or purchased independent of this study) and provided informed consent via elec-
tronic signature.

2.4. Outcome Measures

Demographics and parent-proxy outcomes were collected via electronic surveys (Jot-
form) sent by Trexo Robotics with follow-up communication to facilitate completion by the
research team and/or Trexo Robotics.

2.4.1. Participant Demographics

Parents were asked information about their child’s age, diagnosis, and functional
ability. Functional ability was characterized by three scales: Gross Motor Function Clas-
sification System—Expanded & Revised (GMFCS-E&R), the Gillette Functional Ability
Questionnaire: Functional Walking Scale (FAQ-10), and the Functional Mobility Scale
(FMS). The Gross Motor Function Classification System (GMFCS) Family Report Ques-
tionnaire [21,22] is a validated tool used to help classify children and youth with physical
disabilities into five functional categories ranging from I (walks without limitations) to V
(transported by others in a manual wheelchair). The FAQ-10 is a 10-level parent report of
walking ability considering external factors such as stepping with support, where 1 repre-
sents no stepping ability and 10 indicates independent walking and climbing on varied
terrain without difficulty [23]. The FMS is used to describe functional mobility over three
distinct distances (5, 50, and 500 m), representing home, school, and community settings
with each distance ranked 1 (uses wheelchair) to 6 (independent on all surfaces) with
additional categories C (crawling) and N (does not complete this distance on own) [24].

2.4.2. Usage Data

Information from each session using the Trexo was stored on a tablet that connected
to the Trexo device via Wi-Fi and was sent automatically to Trexo Robotics at the end of a
training session. This information included the date and start/end time of each use, duration
of use, and number of steps taken. Trexo Robotics gave the research team access to their
database for participants in this study.

Calculations for intensity of use were based on 7-day epochs, where day one was
the date of initial training to use the Trexo, and each month was calculated as 28 days to
maintain consistency when looking at the initial month of use with participants who had
varied start dates. Weekly and monthly averages were calculated for number of sessions
and steps.
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2.4.3. Parent-Proxy Outcomes

Patient-reported outcomes through parent proxies were used to evaluate the impacts
of one month of training. Specifically, items related to prevalent secondary conditions
potentially linked to physical activity and a measure of physical activity were selected.
Parents reported on their child’s bowel function by recalling details from the past week.
Frequency was selected as one of five options (more than daily; daily; every other day; two
times in the last week; less than two in the last week). Parents were also asked to report any
medication, procedures, or dietary strategies associated with bowel function as free text.
Participants were subcategorized as ‘constipated’ if they had a bowel movement frequency
of 2x /week or less or if they used any constipation-related medications or procedures.

The Patient-Reported Outcome Measurement Information System (PROMIS® National
Institutes of Health, Bethesda, MD, USA) was used to document sleep disturbance, positive
affect, and physical activity. PROMIS® is a set of validated measures that evaluate physical,
mental, and social health in adults and children, including people living with chronic
conditions. For all PROMIS® measures used, the questions were based on a 7-day recall
period. All scores were converted to a t-score with 50 as the mean of the general population.
Parent proxy measures were designed and validated for parents to report on their child
from age 5-17, and the same forms were used for all participants in this study. Participants
had to use the Trexo, operationally defined as >100 steps within the first month, for their
outcomes to be evaluated.

Sleep disturbance was reported using the PROMIS® Parent Proxy (Item Bank v1.0—
Sleep Disturbance—Short Form 8a) [25], which assesses perceptions around sleep quality,
as well as falling asleep and staying asleep. Severity of sleep disturbance was categorized
such that a t-score of 56-59 is considered mild, 60-65 was moderate, and >66 was severe.
A t-score < 55 was considered within normal limits [26,27].

Positive affect was reported via the PROMIS® Parent Proxy (Item Bank v1.0-Positive
Affect—Short Form 8a) [28], which assesses a child’s positive or rewarding experiences,
including pleasure, joy, pride, and happiness.

Physical activity was reported using the PROMIS® Parent Proxy (Item Bank v1.0—
Physical Activity—Short Form 4a) [29], which provides a valid measurement of children’s
lived experiences of physical activity in the general population.

2.5. Timing of Assessments

All outcome measures were to be collected 1-2 times prior to onset of Trexo use,
though some participants completed initial assessments during the first few weeks of
use. All outcome measures were collected again after using the Trexo for 4-8 weeks.
The PROMIS® Physical Activity questionnaire was added after two participants had already
completed a baseline assessment, so there are two fewer respondents for this specific
outcome measure.

2.6. Statistical Methods

Baseline assessments completed within three months of starting with the Trexo and
within the first two weeks of Trexo use were included. Baseline assessments were excluded
if completed outside of the specified time frame. In cases where participants completed
two baseline assessments within the specified time frame, the average of the two baselines
was used. Participants who did not have a completed baseline assessment or did not have
a completed 1-month assessment were excluded from the outcomes analysis but were
included in the participant demographics and usage data analysis.

Non-parametric descriptive statistics are presented as the median (25th-75th per-
centiles). Statistical differences in parent proxy outcomes were tested with the Wilcoxon
signed-rank test with significant differences detected at p < 0.0125, (« = 0.05 with Bonferroni
correction for 4 independent tests).
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3. Results

Over the course of 15 months, 116 Trexo units were deployed to potential participants.
Participant flow is outlined in Figure 2 and involved 109 families who provided consent
to be contacted about recruitment, with 70 providing informed consent. Two participants
were excluded due to contraindication to use (one had a medical contraindication and one
did not fit the size requirements).

Figure 2. Participant flow diagram.

Age, sex, and diagnosis were provided by all 70 participating families. Of the 70 partic-
ipants with signed consent, usage data were included for 66 participants, with two excluded
due to technical issues and another two excluded because they were using the same device
and individual usage data were unable to be differentiated. Outcome data from parent proxy
questionnaires were included for 42 participants, the other 28 were excluded. Among them,
26 participants had incomplete data, one was the participant unable to use the Trexo and so
was also excluded from the usage data, and one had fewer than 100 steps total in the initial
month, which we feel is too low to inform the impact of usage. The PROMIS® Physical Ac-
tivity outcomes were added after the first two participants had already completed baseline
assessments, so physical activity data were included for 40 participants.
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3.1. Participants

The participants were predominantly elementary school age, non-ambulatory children
with CP (Table 1). Of the 70 participants with demographic information, the median (25th—
75th percentile) age was seven (four to nine) years and 41 participants (59%) were male.
Among 63 (95%) participants with parent-reported GMFCS, 60 were classified as levels IV or
V, indicating that most participants required significant physical assistance and had limited
independent mobility. A total of 58 participants (83%) had a non-progressive diagnosis, five
participants had a progressive diagnosis, and seven did not have a confirmed diagnosis or
had a diagnosis for which potential long-term progression was unknown.

Table 1. Participant demographics.

Age Sex GMEFCS Diagnosis
n=70 Years n=70 n (%) n=63 n (%) n=70 n (%)
Median 7 Male 41 (59) I 3(5) Non-progressive 58 (83)
25th-75th % 4-9 Female 29 (41) v 14 (22) Progressive 5(7)
Range 2-24 \% 46 (73) Unknown 7 (10)

The sample population experienced significant mobility limitations (Figure 3). Baseline
FAQ-10 scores were reported by 49 participants, and of those, 80% reported a score of 1
or 2, meaning they may take some supported steps but do not walk on a routine basis.
Only three participants reported an FAQ-10 score of >6, meaning they could walk at least
short distances outside on level ground. Most participants were not able to complete any
distance independently, as reported in the FMS.

I GMFCSV I FAQ-1 Il FMS-N

BN GMFCS IV BE FAQ2 [E FMS-C
60- B GMFCS Il B FAQ3 [EH FMS-1
B FAQ4 BB FMS-2
£ - B FAQ6
§ B FAQ-7
£ 40+
[
o
E -
3
5
3 20+
0-

GMFCS level FAQ FMS 5m FMS 50m FMS 500m
Figure 3. Functional mobility at baseline, including all reported levels for GMFCS, FAQ-10, and FMS.

3.2. Trexo Usage

The volume of Trexo use was highly variable in the initial month, with many partici-
pants having large fluctuations in usage from week to week. Of the 66 participants included in
the usage data analysis, median (25th-25th percentile) usage was 732 (284-1795) steps/week
split over usage three (two to five) times. A few participants’ usage was far beyond this
distribution, with ranges in steps/week from 21 to 23,170. During the first month, 5 partici-
pants reported a broken or malfunctioning Trexo component, while another 5 participants
had missing data as a result of internet connectivity issues. Four participants reported
periods of non-use for personal reasons such as travel or moving houses.
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3.3. Parent-Proxy Outcomes

Bowel function—Of the 42 participants who reported bowel function, 21 were con-
stipated (3/21 defecating <2x /week and 20/21 taking medication). Despite this high
prevalence of constipation, the median change in bowel movement was 0 (—1-+1), indicat-
ing no change over the first month of use (p = 1.0).

Sleep disturbance—At baseline, 93% of participants had a t-score above 50, meaning
they experienced more sleep disturbance than the reference population, with a median score
of 63.9 (55.8-66.2) (Figure 4). Sleep disturbance was categorized as clinically meaningful
for 76% of participants. After one month of using the Trexo, there was a statistically
significant reduction in sleep disturbance by —2.4 (—5.6-0.7), p = 0.0066 (Figure 5). Of the
32 participants with clinically meaningful sleep disturbance, 15 (74%) either no longer
had sleep disturbances or the severity of sleep disturbance was classified in a less severe
category. The number of participants with a classification of severe sleep disturbance was
13/42 at baseline and 9/42 after the initial month of Trexo use.

100 -
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Figure 4. PROMIS parent proxy scores for sleep disturbance, positive affect, and physical activity
before training with the Trexo. A t-score of 50 represents the mean of the general population. Severity
of sleep disturbance thresholds are indicated by shading: red = severe (>66), orange = moderate, and
yellow = mild (<60 but >56).
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Figure 5. PROMIS parent proxy change scores from baseline to one month of Trexo use.
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Positive affect—The positive affect scores were slightly below the reference distribution
with a median of 45.5 (37.5-49.8) at baseline (Figure 4). While there was an increase in
positive affect after one month of Trexo use to 48.1 (42.5-52.1), with a median change of
2.65 (0.0-6.1) (Figure 5), it did not represent a significant increase (p = 0.0129).

Physical activity—The sample population reported physical activity levels below the
mean of the general population. The median (25th—75th percentile) physical activity score
at baseline was 42.5 (38.1-46.5) (Figure 4) and the one-month scores had a median of 45.6
(37.7-48.2). The median change in physical activity scores was 1.2 (—5.1-5.8) following one
month of Trexo use, as seen in Figure 5 (p = 0.556).

4. Discussion

This RAGT, designed for community use without a trained professional supervising
each session, is new and novel (available since 2019). This observational study provides the
first description of its users, usage, and initial impacts. While the users’ age and size ranges
were broad, from a toddler to a skeletally mature young adult, the commonality among
most users was their primary use of a wheelchair for mobility. Within the first month with
the Trexo, participants took at least 300 steps/week with most taking more than double
that number. Concurrently, participants began sleeping better. While the activity change
caused by taking steps seems to be the probable cause of this improvement, our assessment
of physical activity levels did not detect any change.

Removing the need for a clinical setting or clinicians to use a RAGT reduces two
large barriers to frequent training. Training 2-5x /week is typically more frequent than
is clinically available. There was tremendous variability in usage volume over the initial
month. Many factors contributed to this, including the fact that data were collected during
the global COVID-19 pandemic which impacted supply chains and created shipping delays.
This was commonly reported as a reason for downtime when replacement parts were required.
It also made RAGT arrival time more variable and limited families” abilities to prepare for this
new addition to their routines. It is also possible that there was a familiarization period for
the family and participant during the initial month.

Studying patient-reported outcomes related to novel technologies in an observational
study enables the evaluation of real-world use and inclusion of larger populations than are
typically feasible in single-centre experimental studies. A reduction in sleep disturbances
was robustly reported. A minimally important difference has not been established for
this outcome; however, the median magnitude (2.4) was around the minimally important
difference of 2-3 that has been determined for multiple other PROMIS outcomes [30,31].
Further, the sleep disturbances in almost 1/3rd of those categorized as severe at baseline
were no longer severe after 1 month of training with the RAGT and almost half of those with
clinically meaningful sleep disturbances moved to a less severe category or no longer had
sleep disturbances. These reductions may have been caused by greater levels of physical
activity, reduced pain, reduced involuntary movement or maintenance of posture (caused
by spasticity, dystonia, or athetosis), or improved mood, but further research is required to
elucidate the cause.

Despite positive comments about bowel habits, affect and physical activity levels from
parents and some trends toward improvements in the results, we did not detect significant
changes in these outcomes. Interestingly, the median increase in positive affect was of
similar magnitude to the improvement in sleep, but the change was more variable and it
did not reach our conservative threshold for a significant difference. While this study used
validated outcomes, we may not have selected the ideal outcomes for this specific population.
All but one of our constipated participants used medication to support their bowel function.
It is possible that training with the RAGT does improve bowel function, but that this is
reflected by changes in stool quality or medication requirements and not consistently in
frequency, despite finding more frequent bowel movements in a previous case study [20].
Some parents anecdotally reported improvements in positive affect and physical activity
but found this was not captured well by the questions included in the respective item banks
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due to the differences in their child from typical developing children. For example, one
question asked about sweating, which parents reported was a poor indicator of physical
activity in their children with neurologic impairment, an observation that is supported
by our clinical experience and some evidence [32]. Greater patient engagement in the
selection of our patient-reported measures and possibly the development of measures
specific to this general population of children with significant mobility impairments might
have resulted in outcome measures that were more sensitive to the anecdotal benefits. At
this stage, we did not find evidence of improved bowel function, mood, or the provision of
physical activity.

Limitations—There is a potential for bias with parent proxy questionnaires since there
is a significant financial investment in purchasing or leasing the Trexo, such that parents
are likely to want to see that it helps their child. We could not control for this bias; however,
not reporting improvements in all areas suggested that this was not the only reason for the
reported results. Another challenge was the variable timing of when parents completed the
questionnaires. Several participants did not have a baseline assessment completed until
one to two weeks after starting training with the Trexo, which may have diminished the
amplitude of change observed. Early participants who did not have questions appeared as
a forced response and thus some scores were not completed. FMS responses were unclear in
the interpretation of the option “uses a wheelchair,” where several parent proxies selected
this response when the child was pushed in a wheelchair by another individual (in which
case the correct response would be “does not complete the distance.” In cases where this
was unable to be clarified, an FMS score of 1 (“uses a wheelchair”) was excluded.

Future research should include longer-term follow-up to see if changes observed in the
initial month persist and if there are any impacts, such as improvements in functional ability,
that would not be reasonably expected to be seen after only four weeks. Objective measures
of physical activity would add meaningful information. Additionally, an experimental
rather than observational study design would support consistent Trexo use and shed light
on the relationship between usage and its impacts.

5. Conclusions

The Trexo is an RAGT used by people aged two to 24 years old with significant mobility
limitations. Training three times per week is feasible in the community, which is novel for this
type of device. That 95% of participants were classified as GMFCS levels IV or V highlighted
that the primary users of this device comprised a subgroup often not included in RAGT
literature and who have very few options for upright mobility. Sleep disturbance, a common
problem for children with neurologic impairment, improved within the initial month of
using the Trexo. Future experimental studies incorporating objective outcomes over a longer
training period are needed to understand any dose-response relationships and prescribe
target training volumes. Until then, the Trexo is a viable means of achieving upright assisted
mobility for children and young adults who otherwise have few options available.

Author Contributions: Conceptualization, C.M.D. and E.G.C.; methodology, C.M.D. and E.G.C;
software, CM.D., A.H.F, T.A.S. and E.G.C.; validation, CM.D., A H.F,, T.A.S. and E.G.C.; formal
analysis, CM.D., A H.F, TAS., TW,].LY. and E.G.C,; investigation, CM.D. and E.G.C.; resources,
CM.D, EG.C, AHFE and T.AS; data curation, CM.D., A H.F. and T.A.S.; writing—original draft
preparation, C.M.D.; writing—review and editing, CM.D., AH.E, T.AS.,, TW, J.L.Y,, BM.N,, K. A.L.-
K. and E.G.C,; visualization, CM.D., TW.,, J.L.Y,, TAS. and E.G.C.; supervision, E.G.C.; project
administration, CM.D. and E.G.C.; funding acquisition, C.M.D., K.A.L.-K. and E.G.C. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by The Hotchkiss Brain Institute’s Robertson Fund (2020) and
C.D. received funding from the Child Health Research Development Fund (2020) supported by the
Alberta Children’s Hospital Foundation.

Institutional Review Board Statement: The study was approved by the Conjoint Health Research
Ethics Board (REB20-0799, approval date: 9 October 2020).



Children 2023, 10, 437 10 of 11

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Informed consent was obtained from the participants to publish this paper.

Data Availability Statement: Anonymized data available on request.

Acknowledgments: The authors would like to thank Trexo Robotics for supporting participant
recruitment and data collection. The authors extend sincere gratitude to the families, caregivers, and
participants involved in the study for sharing their experiences.

Conflicts of Interest: Trexo Robotics had no role in the design of the study; in the analyses or
interpretation of data; in the writing of the manuscript; or in the decision to publish the results.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Martin Ginis, K.A.; van der Ploeg, H.P; Foster, C.; Lai, B.; McBride, C.B.; Ng, K.; Pratt, M.; Shirazipour, C.H.; Smith, B.; Vasquez,
PM.; et al. Participation of People Living with Disabilities in Physical Activity: A Global Perspective. Lancet 2021, 398, 443-455.
[CrossRef]

Dutt, R.; Roduta-Roberts, M.; Brown, C. Sleep and Children with Cerebral Palsy: A Review of Current Evidence and Environmen-
tal Non-Pharmacological Interventions. Children 2015, 2, 78-88. [CrossRef]

Newman, C.J.; O'Regan, M.; Hensey, O. Sleep Disorders in Children with Cerebral Palsy. Dev. Med. Child Neurol. 2007, 48, 564-568.
[CrossRef]

Feinstein, J.A.; Feudtner, C.; Blackmer, A.B.; Valuck, RJ.; Fairclough, D.L.; Holstein, J.; Gregoire, L.; Samay, S.; Kempe, A.
Parent-Reported Symptoms and Medications Used among Children with Severe Neurological Impairment. JAMA Netw. Open
2020, 3, €2029082. [CrossRef]

Hulst, R.Y.; Gorter, ].W.; Voorman, ].M.; Kolk, E.; Van Der Vossen, S.; Visser-Meily, ] M.A.; Ketelaar, M.; Pillen, S.; Verschuren, O.
Sleep Problems in Children with Cerebral Palsy and Their Parents. Dev. Med. Child Neurol. 2021, 63, 1344-1350. [CrossRef]
Lang, C.P.; Boucaut, A.; Guppy, M.; Johnston, L.M. Children with Cerebral Palsy: A Cross-sectional Study of Their Sleep and
Their Caregiver’s Sleep Quality, Psychological Health and Well-Being. Child Care Health Dev. 2021, 47, 859-868. [CrossRef]
Morelius, E.; Hemmingsson, H. Parents of Children with Physical Disabilities—Perceived Health in Parents Related to the Child’s
Sleep Problems and Need for Attention at Night: Parents of Children with Physical Disabilities. Child Care Health Dev. 2014, 40,
412-418. [CrossRef]

Ozturk, M.; Oktem, E; Kisioglu, N.; Demirci, M.; Altuntas, I.; Kutluhan, S.; Dogan, M. Bladder and Bowel Control in Children
with Cerebral Palsy: Case-Control Study. Croat. Med. ]. 2006, 47, 264-270.

Veugelers, R.; Benninga, M.A.; Calis, E.A.; Willemsen, S.P.; Evenhuis, H.; Tibboel, D.; Penning, C. Prevalence and Clinical
Presentation of Constipation in Children with Severe Generalized Cerebral Palsy: Constipation in Children with Generalized CP.
Dev. Med. Child Neurol. 2010, 52, e216—-€221. [CrossRef]

Del Giudice, E.; Staiano, A.; Capano, G.; Romano, A.; Florimonte, L.; Miele, E.; Ciarla, C.; Campanozzi, A.; Crisanti, A.F.
Gastrointestinal Manifestations in Children with Cerebral Palsy. Brain Dev. 1999, 21, 307-311. [CrossRef]

Esquenazi, A.; Talaty, M.; Jayaraman, A. Powered Exoskeletons for Walking Assistance in Persons with Central Nervous System
Injuries: A Narrative Review. PM&R 2017, 9, 46-62. [CrossRef]

Bunge, L.R.; Davidson, A.]J.; Helmore, B.R.; Mavrandonis, A.D.; Page, T.D.; Schuster-Bayly, T.R.; Kumar, S. Effectiveness of
Powered Exoskeleton Use on Gait in Individuals with Cerebral Palsy: A Systematic Review. PLoS ONE 2021, 16, €0252193.
[CrossRef]

Sarajchi, M.; Al-Hares, M.K.; Sirlantzis, K. Wearable Lower-Limb Exoskeleton for Children with Cerebral Palsy: A Systematic
Review of Mechanical Design, Actuation Type, Control Strategy, and Clinical Evaluation. IEEE Trans. Neural Syst. Rehabil. Eng.
2021, 29, 2695-2720. [CrossRef]

Huang, Q.; Yu, L.; Gu, R;; Zhou, Y.; Hu, C. Effects of Robot Training on Bowel Function in Patients with Spinal Cord Injury. | Phys.
Ther. Sci. 2015, 27, 1377-1378. [CrossRef]

Chang, W.H.; Kim, M.S.; Huh, ].P; Lee, PK.W.; Kim, Y.-H. Effects of Robot-Assisted Gait Training on Cardiopulmonary Fitness in
Subacute Stroke Patients: A Randomized Controlled Study. Neurorehabil. Neural Repair 2012, 26, 318-324. [CrossRef]

Fang, C.-Y,; Tsai, J.-L.; Li, G.-S.; Lien, A.S.-Y.; Chang, Y.-J. Effects of Robot-Assisted Gait Training in Individuals with Spinal Cord
Injury: A Meta-Analysis. BioMed Res. Int. 2020, 2020, 2102785. [CrossRef]

Miller, L.; Zimmermann, A.; Herbert, W. Clinical Effectiveness and Safety of Powered Exoskeleton-Assisted Walking in Patients
with Spinal Cord Injury: Systematic Review with Meta-Analysis. MDER 2016, 9, 455-466. [CrossRef]

Jin, L.H.; Yang, S.; Choi, J.Y.; Sohn, M.K. The Effect of Robot-Assisted Gait Training on Locomotor Function and Functional
Capability for Daily Activities in Children with Cerebral Palsy: A Single-Blinded, Randomized Cross-Over Trial. Brain Sci. 2020,
10, 801. [CrossRef]

Conner, B.C.; Remec, N.M.; Lerner, Z.F. Is Robotic Gait Training Effective for Individuals with Cerebral Palsy? A Systematic
Review and Meta-Analysis of Randomized Controlled Trials. Clin. Rehabil. 2022, 36, 873-882. [CrossRef]

Diot, C.M.; Thomas, R.L.; Raess, L.; Wrightson, ]J.G.; Condliffe, E.G. Robotic Lower Extremity Exoskeleton Use in a Non-
Ambulatory Child with Cerebral Palsy: A Case Study. Disabil. Rehabil. Assist. Technol. 2021, 1-5. [CrossRef]


http://doi.org/10.1016/S0140-6736(21)01164-8
http://doi.org/10.3390/children2010078
http://doi.org/10.1111/j.1469-8749.2006.tb01316.x
http://doi.org/10.1001/jamanetworkopen.2020.29082
http://doi.org/10.1111/dmcn.14920
http://doi.org/10.1111/cch.12897
http://doi.org/10.1111/cch.12079
http://doi.org/10.1111/j.1469-8749.2010.03701.x
http://doi.org/10.1016/S0387-7604(99)00025-X
http://doi.org/10.1016/j.pmrj.2016.07.534
http://doi.org/10.1371/journal.pone.0252193
http://doi.org/10.1109/TNSRE.2021.3136088
http://doi.org/10.1589/jpts.27.1377
http://doi.org/10.1177/1545968311408916
http://doi.org/10.1155/2020/2102785
http://doi.org/10.2147/MDER.S103102
http://doi.org/10.3390/brainsci10110801
http://doi.org/10.1177/02692155221087084
http://doi.org/10.1080/17483107.2021.1878296

Children 2023, 10, 437 11 of 11

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Palisano, R.J.; Rosenbaum, P; Bartlett, D.; Livingston, M.H. Content Validity of the Expanded and Revised Gross Motor Function
Classification System. Dev. Med. Child Neurol. 2008, 50, 744-750. [CrossRef] [PubMed]

Morris, C.; Galuppi, B.E.; Rosenbaum, P.L. Reliability of Family Report for the Gross Motor Function Classification System. Dev.
Med. Child Neurol. 2004, 46, 455-460. [CrossRef] [PubMed]

Novacheck, T.F; Stout, J.L.; Tervo, R. Reliability and Validity of the Gillette Functional Assessment Questionnaire as an Outcome
Measure in Children with Walking Disabilities. J. Pediatr. Orthop. 2000, 20, 75-81. [CrossRef] [PubMed]

Graham, HK,; Harvey, A; Rodda, J.; Nattrass, G.R.; Pirpiris, M. The Functional Mobility Scale (FMS). J. Pediatr. Orthop. 2004,
24, 7. [CrossRef]

Forrest, C.B.; Meltzer, L.].; Marcus, C.L.; de la Motte, A.; Kratchman, A.; Buysse, D.J.; Pilkonis, P.A.; Becker, B.D.; Bevans, K.B.
Development and Validation of the PROMIS Pediatric Sleep Disturbance and Sleep-Related Impairment Item Banks. Sleep 2018,
41, zsy05. [CrossRef]

Rothrock, N.E.; Cook, K.F,; O’Connor, M; Cella, D.; Smith, A.W.; Yount, S.E. Establishing Clinically-Relevant Terms and Severity
Thresholds for Patient-Reported Outcomes Measurement Information System®(PROMIS®) Measures of Physical Function,
Cognitive Function, and Sleep Disturbance in People with Cancer Using Standard Setting. Qual. Life Res. 2019, 28, 3355-3362.
[CrossRef]

Nagaraja, V.; Mara, C.; Khanna, PP; Namas, R.; Young, A.; Fox, D.A.; Laing, T.; McCune, W.J.; Dodge, C.; Rizzo, D.; et al.
Establishing Clinical Severity for PROMIS®Measures in Adult Patients with Rheumatic Diseases. Qual. Life Res. 2018, 27, 755-764.
[CrossRef]

Forrest, C.B.; Ravens-Sieberer, U.; Devine, J.; Becker, B.D.; Teneralli, R.E.; Moon, J.; Carle, A.C.; Tucker, C.A.; Bevans, K.B.
Development and Evaluation of the PROMIS®Pedjiatric Positive Affect Item Bank, Child-Report and Parent-Proxy Editions. J.
Happiness Stud. 2018, 19, 699-718. [CrossRef]

Tucker, C.A,; Bevans, K.B.; Becker, B.D.; Teneralli, R.; Forrest, C.B. Development of the PROMIS Pediatric Physical Activity Item
Banks. Phys. Ther. 2020, 100, 1393-1410. [CrossRef]

Thissen, D.; Liu, Y.; Magnus, B.; Quinn, H.; Gipson, D.S.; Dampier, C.; Huang, I.-C.; Hinds, P.S.; Selewski, D.T.; Reeve, B.B.; et al.
Estimating Minimally Important Difference (MID) in PROMIS Pediatric Measures Using the Scale-Judgment Method. Qual. Life
Res. 2016, 25, 13-23. [CrossRef]

Katz, P; Pedro, S.; Alemao, E.; Yazdany, J.; Dall’Era, M.; Trupin, L.; Rush, S.; Michaud, K. Estimates of Responsiveness, Minimally
Important Differences, and Patient Acceptable Symptom State in Five Patient-Reported Outcomes Measurement Information
System Short Forms in Systemic Lupus Erythematosus. ACR Open Rheuma. 2020, 2, 53—60. [CrossRef] [PubMed]

Suzuki, Y.; Kobayashi, M.; Kuwabara, K.; Kawabe, M.; Kikuchi, C.; Fukuda, M. Skin temperature responses to cold stress in
patients with severe motor and intellectual disabilities. Brain Dev. 2013, 35, 265-269. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1111/j.1469-8749.2008.03089.x
http://www.ncbi.nlm.nih.gov/pubmed/18834387
http://doi.org/10.1111/j.1469-8749.2004.tb00505.x
http://www.ncbi.nlm.nih.gov/pubmed/15230458
http://doi.org/10.1097/01241398-200001000-00017
http://www.ncbi.nlm.nih.gov/pubmed/10641694
http://doi.org/10.1097/01241398-200409000-00011
http://doi.org/10.1093/sleep/zsy054
http://doi.org/10.1007/s11136-019-02261-2
http://doi.org/10.1007/s11136-017-1709-z
http://doi.org/10.1007/s10902-016-9843-9
http://doi.org/10.1093/ptj/pzaa074
http://doi.org/10.1007/s11136-015-1058-8
http://doi.org/10.1002/acr2.11100
http://www.ncbi.nlm.nih.gov/pubmed/31943975
http://doi.org/10.1016/j.braindev.2012.04.003
http://www.ncbi.nlm.nih.gov/pubmed/22652513

	Introduction 
	Methods 
	Design 
	Setting 
	Participants 
	Outcome Measures 
	Participant Demographics 
	Usage Data 
	Parent-Proxy Outcomes 

	Timing of Assessments 
	Statistical Methods 

	Results 
	Participants 
	Trexo Usage 
	Parent-Proxy Outcomes 

	Discussion 
	Conclusions 
	References

