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Abstract

Background: This study mainly aimed to evaluate the influences of Thera Togs orthotic undergarment with its strap-
ping system on dorsal kyphotic posture and spinal mobility in children with spastic diplegic cerebral palsy. The study
also investigated the impact of the modulation of thoracic kyphosis on balance and risk of falls in these children.

Study design: This study was a randomized control trial.

Participants: Forty children with diplegic cerebral palsy, aged from 8 to 10 years were met the inclusion criteria and
participated in this study. Only 38 children completed the study.

Methods: The children in the control group received 2 h of conventional exercise protocol aiming for modulating
thoracic kyphotic posture. The treatment program was conducted 3 times/week, for 12 successive weeks. Children
in the study group wore TheraTogs orthoses with the strapping system for 8 h every day in combination with the
conventional exercise program.

Outcome measures: For both groups, the primary outcome measures (thoracic kyphotic angle, and thoracic flexion
and extension range of motion), and the secondary outcomes (the overall stability index of fall risk test, and the pedi-
atric balance scale score) were recorded at baseline and after completion of the treatment. T test was used to com-
pare the changes within-and between-groups in all measured variables, at baseline and immediately after 12 weeks
of treatment.

Results: Children in the study group showed significant improvements in the scores of all primary and secondary
measures post-treatment compared to the control group (P < 0.05).

Conclusion: Conservative treatment composed of TheraTogs orthotic system with conventional exercise treatment
is effective in modulating thoracic kyphosis and improving dorsal range of motion in children with spastic diplegic
cerebral palsy. This improvement has a positive influence on postural balance performance and reduces the risk of fall
in these children.

Trial registration: The ClinicalTrial.gov PRS (NCT05063175). 30 September 2021—retrospectively registered, https://
clinicaltrials.gov/ct2/show/NCT05063175
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Background

Kyphosis is a posterior convexity of the spine. It may
develop in children with spastic diplegia as a compensa-
tory response to many musculoskeletal problems such as
limb and pelvic problems [1]. Kyphosis in children with
cerebral palsy is often flexible at a young age, and it has
a higher risk of curve progression [2]. It may continue to
progress quickly into adulthood and become structured
after skeletal maturity. It may need surgical intervention
during the adulthood period [3].

The primary target of the therapeutic management
of spinal deformity in children with cerebral palsy is to
maintain their functional activities to the highest level
of quality as much as possible. The management proto-
cols include both conservative and surgical treatments
[4]. Conservative treatment includes the prescription
of spinal braces and positioning adaptations. A molded
thoraco-lumbosacral orthosis can be used for children
with movable spinal curvature to delay the progression of
the deformity [5].

The strict wearing of a traditional rigid form of spinal
braces may result in children’s inconvenience, skin irrita-
bility, respiratory restriction, feeding problems, and poor
functional performance. A soft full-body brace is most
appropriate and tolerable by young individuals with mov-
able curves [6].

TheraTogs system which is composed of orthotics
undergarment and the strapping system is made from a
lightweight, breathable material. It has been made to give
a soft and passive body compression to keep a stabilized
posture [7, 8]. TheraTogs strapping system could adjust
and control different segments of the neuro-musculo-
skeletal systems to achieve better biomechanical body
alignment and to improve proper posture control [9, 10].

Thoracic hyper-kyphosis may negatively influence bal-
ance and risk of fall in normal adults [11]. Individuals
with cerebral palsy are more susceptible to frequent falls
than normal healthy individuals and the impact of that
fall is significant. They may have a constant fear of recur-
ring falls, negative body image, and restricted participa-
tion in all aspects of life [12, 13].

The available current literature does not adequately
evaluate the effects of conservative soft orthoses on the
management of kyphosis in children with cerebral palsy.
Also, there is a lack in the literature that investigates how
the modulation of the sagittal spinal profile, and specifi-
cally thoracic kyphosis, affect the postural balance con-
trol and the risk of fall in children with cerebral palsy.

Therefore, the purpose of this study was to evaluate the
influences of TheraTogs soft orthosis and strapping sys-
tem on the thoracic kyphotic posture, and dorsal spinal
mobility in children with diplegic cerebral palsy. This
study also investigated the impact of the modulation of
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the thoracic kyphosis on balance control and risk of fall
in these children.

Methods

Design

The research design of this study was a randomized con-
trol trial. It was approved by the Ethics Review Commit-
tee of the Faculty of Applied Medical Sciences - Umm Al
Qura University. This trial was registered in the ClinicalTr
ial.gov PRS (NCTO05063175). Children’s parents signed
consent for permitting the engagement of their children
in this study. The study was proceeded according to the
Declaration of Helsinki of 1975, as revised in 2013.

The study was conducted in the Department of Physi-
cal Therapy - Umm Al Qura University. The involved
children were recruited from the kingdom of Saudi Ara-
bia - the western region. The organization responsible
for the integrity, conduct, and financial support of this
study was the Deanship of Scientific Research at Umm Al
Qura University - Grand Code (19-MED-1-01-0005).

Participants

Children of both sexes with a confirmed diagnosis of
spastic diplegic cerebral palsy were selected to participate
in this study. These children were between 8 and 10 years
old. The degree of spasticity in the affected upper and
lower extremity, based on the Modified Ashworth Scale
(MAS), ranged between grades 1, 1+, and 2.

Children were able to comprehend and follow orders.
Their gross motor development levels, as measured by
Gross Motor Function Classification System (GMFCS),
were between levels (I and II), and they had the ability
to stand alone for 5 to 10 min without any assistance. So
that, they were able to perform the pre and post-treat-
ment evaluation procedures. The spinal kyphosis, for all
participating children, was flexible. The degree of Cobb’s
angle was not more than 45°. This is because if the degree
of kyphosis is above 55° it is considered as fixed hyper-
kyphosis; however, kyphosis below this range is flexible
and it could be improved by conservative treatment such
as exercising or bracing [14, 15]. Throughout the study
period, the participating children were not subjected to
any other physical therapy programs except the assigned
treatment protocol.

The children were excluded from this study if they had
fixed spinal deformities or corrective surgeries interfer-
ing with spinal mobility. Children who have a skin allergy
to the materials from which the TheraTogs was fabricated
have been also excluded. Children who had seizures, per-
ceptual disorders, visual problems, and auditory deficits
have not participated as well.

The sample size of this study was calculated based on
a preliminary power analysis (power = 0.8, a = 0.05,
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effect size = 0.5, groups = 2, and evaluation times =
2). A total sample size of 40 participants was calculated
for this study. The participating children were divided
equally into two groups. The randomization process was
performed by an independent person who was blinded to
the study procedures. It was performed simply by add-
ing a specific identification number for each participating
child. SPSS program was used to randomly assign chil-
dren to both groups.

Assessment

Assessments of the children with diplegic cerebral palsy
were conducted by evaluators who did not participate
in the application of intervention and were also blinded
from the randomization process. The evaluation was
carried out to measure the changes in the mean scores
of the following primary and secondary outcome meas-
ures from pre to post-treatment; primary outcome meas-
ures included (1) the thoracic kyphosis angle (°) and (2)
thoracic flexion and extension range of motion (degree),
while the secondary outcome measures included (3) the
overall stability index of the fall risk test (%) and (4) the
Pediatric Balance Scale score.

DIERS Formetric 3D/4D spine and posture analysis sys-
tem. It is a light-optical scanning technique that depends
on video-raster-stereography (VRS). It is a special device
for contactless, quick, and radiation-free dynamic and
static evaluation of the spine. The DIERS formetric sup-
plies a comprehensive report about the statics and the
posture of the entire spine in only one evaluating pro-
cess. In this study, it was used for measuring the sagittal
geometry of the back surface of the participating children
according to a contactless 3D scan.

Formetric 3D/4D spine and posture analysis system is
valid and reliable equipment for measuring lateral and
frontal spinal curves, the rotation of vertebrae, and the
pelvic deviations [16]. Thoracic kyphotic angle for each
child was calculated from the sagittal profile by formet-
ric system: Kyphotic angle measured between vertebral
prominence (VP) and the estimated location of the 12th
thoracic vertebra (T12).

Spinal mouse, a computerized spinal assessment device,
was used for measuring the spinal flexion and extension
range of motion (ROM) in a non-invasive way. It is a reli-
able and valid device for evaluating spinal intersegmen-
tal mobility [17]. Measurements were recorded while the
children stood bare-back and the evaluator moved the
spinal mouse along their spinal columns from 7th cer-
vical vertebra to the rima ani (3rd sacral vertebra). The
evaluation was performed from the following three suc-
cessive spinal positions: (1) upright erect, (2) maximal
flexion, and (3) maximal extension.
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Biodex Balance System SD (BBS; Biodex Inc., Shirley,
NY) was utilized as a reliable and valid device for meas-
uring the stability indices of the Risk of Fall test from
standing position at dynamic mode (12) of platform tilt
[18]. The Biodex system has a static mode and 12 levels
of dynamic platform tilt {level (12) with greatest stability,
while level (1) with the least stability}.

The dynamic level 12 was selected, in this study, for
conducting the fall risk test. The recorded result for every
participant was automatically saved and was compared to
the normative values stored in the equipment according
to their age. The closer the score that was recorded to the
typical score, stored in the equipment software, the lower
the risk of fall. On the contrary, the higher the score than
that stored, the greater the risk of fall which indicated
poor balance performance.

The Pediatric Balance Scale (PBS) is a valid and reli-
able test to assess and re-assess balance deficits in chil-
dren with mild and moderate motor disabilities. The test
includes fourteen tasks that evaluate balance abilities and
motor performance in children. The rating score for each
item is ranged from O to 4, where 0 is the lowest score
and 56 is the highest possible score for all tasks that indi-
cates the best balance and motor performance [19].

Interventions

Both groups (control and study) received the conven-
tional physical therapy protocol aiming for modulat-
ing thoracic kyphotic posture and improving the axial
postural alignment. The conventional exercise proto-
col for both groups is fully outlined in Additional file 1:
Appendix 1.

The conventional therapeutic protocol for every child
was 3 sessions/week for 12 consecutive weeks. It was
applied by two qualified physical therapists. Every treat-
ment session was conducted for 2 h with a 15-min rest
between the two training hours. Materials used in the
application of conventional physical therapy treatment
included therapeutic mats, balls, wedges, rolls, parallel
bars, treadmills, steppers, balance boards, and Bobath
beds.

The children in the study group received the conven-
tional protocol given to the control group. Moreover, they
wore TheraTogs orthotic undergarment with the strap-
ping system 8 h every day for the 12 consecutive weeks.
For every participating child, TheraTogs was applied
after appropriate and accurate pre-treatment evaluation.
Application and fitting of TheraTogs and strapping proto-
col was applied by a qualified physical therapist who was
certified on TheraTogs fitting.

A TheraTogs orthotic undergarment developed by
Cusick [20] is composed of a sleeveless Tank-Top (vest),
two shorts (Hipster) each with two thigh and limb cuffs.
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They are designed to be worn directly on the skin as
undergarments that allow unobstructed toileting. A well-
fitted TheraTogs system provides the wearer a vertical
compression and stiffness to support posture, and rein-
force stability.

Each child had his/her own TheraTogs orthotic under-
garment. It was not allowed for any child to share his/
her orthosis with others for two reasons: (1) to avoid any
infectious disease transfer and (2) every child had its spe-
cial size, which might not fit with others. In this study,
the participating children wore the TheraTogs and strap-
ping system under their regular dresses, so it was not
annoying or disturbing.

A preparatory course for (14 days) before starting the
treatment program was given to all participating chil-
dren to become accustomed to wearing the TheraTogs
orthotic undergarment and strapping system. The wear-
ing period gradually increased from 1 h at the beginning
of the course until reached the 8 h that were planned in
this study.

Throughout this course, the therapist who is responsi-
ble for the TheraTogs protocol trained one of the child’s
family members on (1) how to fit the TheraTogs ortho-
sis to his/her child, and (2) how to apply the prescribed
strapping technique for the involved body parts. By the
end of this course, the therapist made sure of the skills of
this member in the application of the TheraTogs protocol
before the actual beginning of the treatment program.

It was not allowed to start the treatment program with
TheraTogs until making sure of the family member’s skill
and proficiency in providing the prescribed TheraTogs
protocol. Any member who was not successful in this
preparatory course was retrained again. The therapist
daily followed up the process of wearing TheraTogs and
strapping by telephone with this member and made sure
that the process was completed successfully. This daily
communication continued throughout the treatment
period (12 weeks).

The fitting and strapping techniques of TheraTogs sys-
tem for all participating children in the study group are
fully outlined in Additional file 2: Appendix 2.

Statistical analysis

The statistical analysis for all recorded scores pre- and
post-treatment was reported as mean =+ standard devia-
tion (SD). The Shapiro-Wilk test and the Levine’s test
were used to test the variables’ normal distribution and
variances homogeneity, respectively. The data of this
study were homogeneous and normally distributed.
Paired ¢ test was used to compare the changes within
both groups, pre-and immediately post-treatment. While
the comparison between both groups was carried out
by using unpaired ¢ test. Recorded data were analyzed
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by using SPSS computer program version 25.00. P val-
ues less than 0.05 were accepted to represent a statistical
significance.

Results

A total of 67 children with spastic diplegic cerebral palsy
were selected to join in this study. Forty of them met the
inclusion criteria and participated in different study pro-
cesses. The study flow chart is illustrated in Fig. 1. The
baseline demographic characteristics of the participants
are outlined in Table 1.

Table 2 showed that there were no significant differ-
ences between both groups pre-treatment when com-
paring the mean values of thoracic kyphosis (°), thoracic
flexion and extension range of motion (degree), the over-
all stability indices (%) of the fall risk test , and the total
score of the pediatric balance scale. On the other hand,
post-treatment data comparison demonstrated signifi-
cant differences in favor of the study group (P < 0.05).

Table 2 also illustrated that there were significant dif-
ferences within both groups between baseline and imme-
diately post-treatment values in all measured parameters.

Discussion
The findings of this study showed significant differ-
ences, in all measured variables, post-treatment in favor
of the study group than the control group. These find-
ings reflected the effectiveness of TheraTogs soft orthotic
undergarment and the strapping system in combina-
tion with the conventional exercise treatment on mod-
ulating kyphotic posture and increasing the thoracic
spinal mobility. This modulation of kyphotic posture was
reflected in the improvement of postural balance control
and reducing the risk of falls in the participated children.

Regarding the study group, the better reduction of
kyphotic angle and the improvement of thoracic spinal
mobility could be attributed to the application of Thera-
Togs orthosis and strapping system. Wearing TheraTogs
orthotic undergarment provided children included, in
the study group, with a comfortable sense of compres-
sion with vertical stiffness to their upper body trunk, and
pelvis. This effect helped them in assuming proper verti-
cal postural alignment and reinforcing their core stability.
Previous studies showed that the TheraTogs system could
adjust and modulate different elements of the musculo-
skeletal systems to assume proper biomechanical align-
ments of body posture. It is also helpful in augmenting
trunk stiffness, reinforcing proximal stability, facilitating
spatial orientation of different body segments, and conse-
quently, improving postural control [7, 21].

Additionally, TheraTogs strapping system provided a
continuous external backward vertical tension that might
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Total number of participants selected
for this study

(n=67)

[ Enrollment ]

Exclusion n =27

0 Notmeeting inclusioncriteria (n =19)

0 Otherreasons (n=38) (health and family
problems that prevent their continued

J participation in the study)

y

Randomized (n = 40)
(24 Boys /16 Girls)

Study Group

Allocated to intervention (n = 20)
+ Received allocated intervention (n=19)
+ Did not receive allocated intervention (n=1)
Reason (transportation difficulties)

Lost to follow-up (n = 0)

All participant completed post —treatment
assessment (12 weeks- post treatment

Analysed (n= 19)

- 19 participants had completed the allocated
intervention (12 weeks)

- The data recorded from all of them pre & post
treatment was analysed

Fig. 1 Flow diagram of the study

| |

l l

l Allocation l

Control Group

Allocated to intervention (n = 20)
+ Received allocated intervention (n = 19)
+ Did not receive allocated intervention (n=1)
Reason (un- known reason)

Lost to follow-up (n = 0)

All participant completed post —treatment
assessment (12 weeks- post treatment

Analysed (N= 19)

- 19 participants had completed the allocated
intervention (12 weeks)

- The data recorded from all of them pre& post
treatment was analysed.

Table 1 The demographic characteristics of the participants

Demographics characteristics Control group

(20) children

Study group
(20) children

Age (years) (mean % SD) 941 4045 928 +£0.37
Sex Boys 11 13

Girls 9 7
Height (cm) (mean =+ SD) 141 £ 8.25 140 +7.35
Spasticity grades (MAS) UL: 1 7 5

LL: 1+

UL 6 9

LL:2

UL 1+ 7 6

LL:2
GMFCS level | 5 8

Il 15 12

SD standard deviation, UL upper limb, LL lower limb, MAS Modified Ashworth
Scale, GMFCS Gross Motor Function Classification System

enhance the stretching of tight soft tissues and muscles
of the ventral aspect of the thoracic spine and facilitate
the actions of the weak dorsal spinal muscles resulting
from the presence of kyphosis. Some studies reported
that TheraTogs and the strapping system could restore
the desirable length of the weak muscle and provide the
additional tension that facilitates the recruitment of more
motor units to produce more tension and improve mus-
cle strength [21-23].

This double effect which is, stretching the tight soft
tissues and reinforcement of the action of weak muscles
could promote the reduction of the thoracic kyphotic
curve, and minimize the progression of the thoracic
kyphotic angle. The modulation of the thoracic kyphotic
curve provided the opportunity for improving the tho-
racic flexion and extension range of motion.

Several studies have proved the effectiveness of con-
servative spinal orthoses on the modulation of the sag-
ittal spinal curvature in flexible cases of kyphosis. They
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Table 2 Within- and between-group differences for all measured variables, at baseline and immediately after 12 weeks of treatment

Variables Evaluation time

Thoracic kyphotic angle (°) Pre-treatment
Post-treatment
Pvalue
Thoracic flexion range of motion (degree) Pre-treatment
Post-treatment
Pvalue
Thoracic extension range of motion (degree) Pre-treatment
Post-treatment
Pvalue

Overall stability index of the fall risk test (%) Pre-treatment
Post-treatment
Pvalue
Pediatric balance scale score Pre-treatment
Post-treatment

P value

Mean =+ SD Pvalue
Study group Control group

3753 +£432 36.75 £ 394 0.654°
2841 +6.13 3322+545 0.002°
0.001° 0.027°

36.25+£ 183 3739+ 2.04 0.782°
49.54 +2.62 43.38 +2.85 0.013°
0.001° 0.012°

32484219 33634241 0471°
4451 £1.57 3942 +1.86 0.011°
0.001° 0.007°

12.62 £047 1228 £035 0.835°
941+ 053 11171 £ 046 0.001°
0.001° 0.018°

2291 £036 2327 £0.25 0.746°
3752+ 041 3048 + 047 0.001°
0.001° 0.001°

SD standard deviation
2 Significant difference between both groups (P < 0.05)
b Non-significant difference between both groups (P < 0.05)

found that the correction of the kyphotic deviation was
maintained as long as the braces or orthoses were used
[24-26]. Another study recommended that TheraTogs
orthotic undergarment and its strapping system might
be a beneficial intervention for improving spinal sagittal
geometry in children with diplegic cerebral palsy [27].
Many other studies have pointed out that bracing and
orthoses, as a conservative treatment for different spinal
deformities in different planes, were effective if they have
been worn for many hours per day. They emphasized that
the longer the wearing hours, the better the effect [28,
29].

There is a negative relationship between the presence
of kyphosis with balance performance. Children with
increased kyphotic posture have an anterior shift of the
head, prominence of the scapula, and consequently, the
line of gravity abnormally projects anteriorly [30]. This
forward shifting of the line of gravity adversely affects
postural balance control and decreases the stability lim-
its in all directions [31, 32]. Moreover, children with tho-
racic hyper-kyphotic posture are frequently associated
with an increased risk of falls [33, 34].

Many studies proved that TheraTogs orthoses and the
strapping system are efficient in improving balance con-
trol, walking abilities, and gait parameters in children
with cerebral palsy [7, 9, 10, 35-37]. The reduction of the
thoracic kyphotic posture obtained in children of both
groups, specifically in the study group, led to the mini-
mization of the abnormal forward shifting of the line of

gravity. The re-adjustment of the line of gravity would
have a positive reflection on improving the children’s bal-
ance control, minimizing the risk of falls, and lowering
the rate of their frequent falls.

The results of this study concluded that the application
of the TheraTogs orthotic undergarment and strapping
system, for at least 8 h daily, in combination with the con-
ventional exercise protocol could be an effective conserv-
ative treatment for the cases of flexible thoracic kyphosis
in children with spastic diplegic cerebral palsy.

This study has some limitations that need to be consid-
ered: (1) given the nature of the therapeutic interventions
in this study, it was not possible for the treating therapists
and the children in this study to be blinded, (2) the level
of tension of the elastic strapping elements was not accu-
rately measured, (3) large sample of children are needed
to make a generalization for the results of this study, and
(4) the children in the study group need follow up post-
training to be certain from the long-lasting benefits of the
TheraTogs on thoracic kyphosis.

Future work will be needed to investigate the effects
of other treatment periods of wearing TheraTogs and
external strapping to determine the most appropriate
dose-response of this intervention. Further studies are
also recommended to examine the effectiveness of this
orthotic intervention on correcting other types of spinal
malalignments in different types of cerebral palsy.
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