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Highlights

What are the main findings?

e  The TLS-Spine is an easy-to-use tool for pediatricians and physiotherapists in daily
clinical routine for getting an impression of the condition of the spine in CP children.

e It helps clinicians to perform a clinical examination, to understand the findings and to
decide on further management of the patients.

What is the implication of the main finding?

e  The TLS-Spine may increase the awareness for spinal deformities in CP children and
enables early referral to orthopedic specialists for early detection and treatment.

Abstract

Background/Objectives: Currently, clinicians and physiotherapists pay only limited at-
tention to spinal deformities in children with cerebral palsy (CP). To enhance awareness, a
tool based on a traffic light system (TLS-Spine) was developed for use by pediatricians and
physiotherapists caring for children with CP. The objective of the study was to evaluate
the applicability of this assessment tool in routine clinical practice. Methods: A review
group consisting of 48 pediatricians and physiotherapists was recruited. Each participant
was asked to apply the TLS-Spine to a minimum of 10 CP patients and to complete a
questionnaire concerning its value and applicability in daily practice. Responses were
rated on a scale from 1 (complete agreement) to 6 (complete disagreement). Results: The
TLS-Spine was correctly applied in 96.3% cases. The questionnaires of 48 reviewers based
on 537 completed survey sheets were analyzed. Overall, reviewers reported no diffi-
culties with the introduction and use of the TLS-Spine in daily clinical routine practice
(median/range: 1/1-4). The tool was considered straightforward to use (1/1-3), not time
consuming (1/1-4), helpful in performing the clinical examination (2/1-6), understand-
ing the findings (2/1-6) and deciding on further management of the patients (2/1-5).
Physicians rated the TLS-Spine significantly higher than physiotherapists in four of nine
dimensions. Conclusions: The TLS-Spine is a practical and user-friendly assessment tool. It
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may increase the awareness for spinal deformities and support early referral to orthopedic
specialists for early detection and treatment.

Keywords: cerebral palsy; scoliosis; spinal deformity; prevention

1. Introduction

Cerebral palsy (CP) is a static neurologic condition resulting from brain injury that
occurred prior to complete development of the brain during the prenatal, perinatal or post-
natal period. It is the most common childhood physical disability and affects 2-3 children
per 1000 live births [1]. Apart from other conditions, CP is characterized by impairment of
the motor system, including delay in motor development, abnormal muscle tone, muscular
weakness and loss of selective motor control, resulting in balance problems, progressive
muscle contractures and gait disturbances. Depending on the functional impairments, pa-
tients are classified according to the Gross Motor Function Classification System (GMFCS)
by Palisano et al. [2] (Figure 1).

GMFCS Level |

Children walk at home, school, outdoors and in the
community. They can climb stairs without the use
of a railing. Children perform grass motor skills such
as running and jumping, but speed, balance and
coordination are limited.

GMFCS Level Il

Children walk in most settings and climb stairs

holding anta a railing, They may experience difficulty
walking long distances and balancing on uneven
terrain, inclines, in crowded areas or confined spaces.
Children may walk with physical assistance, a hand-
held mobility device or used wheeled mobility over
long distances. Children have only minimal ability to
perform gross motor skills such as running and jumping.

GMFCS Level lll

Children walk using a hand-held mobility device in
most indoor settings. They may climb stairs holding
onto a railing with supervision or assistance. Children
use wheeled mobility when traveling long distances
and may self-propel for shorter distances.

GMFCS Level IV

Children use methods of mobility that require physical
assistance or powered mobility in most settings. They
may walk for short distances at home with physical
assistance or use powered mobility or a body support
walker when positioned. At school, outdoors and in
the community children are transperted in a manual
wheelchair or use powered mability.

GMFCS Level V

Children are transported in a manual wheelchair

in all settings. Children are limited in their ability
to maintain antigravity head and trunk postures and
control leg and arm movements.

Figure 1. The Gross Motor Function Classification System GMFCS between 6th and 12th birthday by
Palisano et al. [2] (Illustrations with kindly permission of Prof. Kerr Graham, Melbourne, Australia).

During the last 20 years, a lot of attention has been paid to hip issues in patients with
CP. Children severely affected (in particular GMFCS level IV and V) frequently develop
hip dislocations. This impairs function, especially sitting and daily care, it causes pain,
and as a severe consequence, it limits quality of life. Therefore, several countries have
established hip surveillance programs. A traffic light system classifies the hip (TLS-Hip)
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according to the radiographic findings as “ok” (green), “at risk, monitor” (yellow) and
“problem, special therapeutic intervention recommended” (red). In several countries, the
implementation of the surveillance program leads to early therapeutical interventions and
therewith a dramatic reduction of hip dislocations from 8% to 0.5% [3-6].

However, there are not only hip problems which might develop during growth and
should be addressed, there are also spinal problems which might occur in CP children.
Unfortunately, at present there is only a limited focus by clinicians and physiotherapists,
despite the high frequency of these conditions and the severity of impact on patients’
quality of life. The overall incidence of scoliosis is reported as between 20% and 41% in
several studies [7-10]. Rates of scoliosis further increase with age and GMFCS level: at the
age of 10 years, moderate or severe scoliosis has been observed in approximately 1% of
the children at GMFCS level I. This rate increases to 2.5% at GMFCS III, 10% at GMFCS
IV and 30% at GMFCS V; at the age of 20 years, the corresponding percentages are 5%,
30%, 45% and 80%, respectively [8]. The cause is not entirely clear, but thought to be a
combination of spasticity, muscle weakness, impaired muscle control as well as asymmetric
muscle tone [8,11]. The deformity is typically progressive, especially during the pubertal
growth spurt but also after growth arrest [12]. Severe scoliosis may cause additional motor
dysfunction, sitting and transfer problems, compromise pulmonary function and induce
pain with reduced quality of life. Finally, associated respiratory insufficiency may be
life-threatening. Therefore, early diagnosis and treatment is of fundamental importance
to prevent severe scoliosis and to maintain quality of life, especially in the at risk groups
GMFCS level IV and V (Figure 2) [8,13,14].

AR LTS iy

Figure 2. Development of severe scoliosis in a girl with CP, GMFCS level V. (a) At the age of 6 yrs,
moderate scoliosis of 27° according to Cobb was detected; no referral to an orthopedic physician
was initiated for treatment. (b) At the age of 10 yrs, she was first seen by an orthopedic surgeon
with severe progressive scoliosis of 73°; at that point, conservative treatment is very debatable and a
surgical intervention will be necessary to preserve quality of life.
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The current lack of surveillance programs in Germany leads to limited clinical aware-
ness of spinal deformities by pediatricians and physiotherapists treating CP patients—with
a negative impact on early treatment and quality of life. In response to these issues, a
group of experienced pediatric orthopedic clinicians developed a traffic light system for
spinal deformity classifications (TLS-Spine) in collaboration with the German speaking
Society for Children’s Orthopaedics (“Vereinigung fuer Kinderorthopaedie” VKO) [15]
(Figure 3). The aim was to give pediatricians and physiotherapists an instrument that is
simple and quick to use in early detection of spinal problems. The tool enables clinicians
to classify patients according to traffic light colors corresponding with increasing severity.
The scale is based on the criteria of “functional level according to GMFCS” and “result of
clinical examination”:

T atte Lt System- SPINE g XX

Vereinigung fir

(To be used after the age of 3 years) Kinderorthopidie Cerebralparese e.V.

Clinical Examination (if possible in sitting position):
Positive clinical signs: No clinical signs:

Inclination test

« single or multi-curved scoliosis * no trunk asymmetry

« costal hump / lumbar bulge * no costal hump / lumbar bulge in
« pelvic tilt in sitting position inclination

« severe muscular hypotonia and kyphosis * no pelvic tilt

Positive
clinical signs

>
Clinical examination @
N
clinicarsigns — @ — control
2x | year
GMFCS I/1I
‘ R N Clinical

Clinical

control
1x / year

Initiation of X-ray examination by the orthopaedic surgeon in accordance with the quality
standards by the ,Netzwerk Cerebralparese e.V."

Risk factors:

« Level of severity of CP: - GMFCS Il and higher:  significantly increased risk for scoliosis
- GMFCS V: risk for scoliosis > 70%

« early onset scoliosis before 6 ys.: negative prognosis

« prepubertal growth spurt, spastic bilateral CP

Developed by section . of .Netzwerk C €.V." and section .Spine" of VKO (German speaking paediatric orthopaedic society) Vers. 23/11/11r

Figure 3. TLS-Spine (updated version considering the results of the present study). Patients are
examined from the back in sitting position, an inclination test is performed; the deformity of the spine
as well as the position of the pelvis are observed and graded as “normal” or “pathologic”. Based on
this graduation and the assignment to a GMFCS level, patients can be classified as “green”, “yellow”
or “red”. Note: all GMFCS level III patients have to be classified at least as “yellow” and all GMFCS

level IV and V patients as “red”—independently of the clinical findings.
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The classification for patients is as follows:

Green: no clinical signs of a spinal deformity, low risk factors for the development of a
spinal deformity; clinical re-examination after 1 year.

Yellow: no clinical signs of a spinal deformity; however, due to increased risk of
scoliosis for GMFCS level III patients, a clinical re-examination should be performed after
6 months.

Red: clinical indicators point to spinal deformity and/or very high risk for develop-
ment of spinal deformity due to GMFCS level IV or V; the patient should be promptly
referred to a pediatric orthopedic clinician or an orthopedic clinician specialized in neuro-
muscular spinal deformities.

Although personal feedback from pediatricians and physiotherapists was overall
positive, this study represents the first structured evaluation of the TLS-Spine tool in
clinical practice. The primary objective was to evaluate its practical value in daily routine
for pediatricians and physiotherapists to manage their patients. A further aspect was
whether there are differences in how pediatricians and physiotherapists perceive and apply
the tool. By systematically collecting and analyzing user experiences, this study provides
new insights into the tool’s usability.

2. Materials and Methods
2.1. Peer Review Group

In order to establish a professional evaluation mechanism for the TLS-Spine scale, a
review group was recruited by announcements made during several national meetings,
conferences and symposiums related to neuropediatric subjects. Inclusion criteria as a
reviewer were 1. being a professional physiotherapist or pediatrician, including neuro-
pediatrician, and 2. caring for CP patients as a part of their consultation and therapeutic
practice. After inclusion, reviewers received general information about the project, special
information about the application of the TLS-Spine in CP patients, a copy of the TLS-Spine
(Figure 3), a survey sheet as a protected file for print and a questionnaire to be completed
after at least 10 applications in patients had been performed.

2.2. Assessment Process

All reviewers were asked to apply the TLS-Spine to sample groups including a min-
imum of 10 CP patients aged at least 3 years and to fill out one survey sheet per patient
providing individual information on patient’s age, GMFCS level and classification accord-
ing to the TLS-Spine. The information about the GMFCS level of the patient and TLS-Spine
classification to a group allowed a plausibility check, e.g., a GMFCS level III patient clas-
sified as “green” in the TLS-Spine indicated that the reviewer did not assign the patient
correctly in that case.

Additionally, the reviewers were requested to complete a questionnaire with 9 items
when they had applied the TLS-Spine in at least 10 patients. This questionnaire should
give the reviewers the opportunity to give structured feedback on the usefulness and
applicability of the TLS-Spine; a rating system with a scale from 1 to 6—"1” meaning
complete agreement, “6” meaning complete disagreement was used (Table 2). Moreover,
reviewers had an option to comment in a free-text field on the TLS-Spine. Finally, reviewers
had to provide information regarding their professional experience in caring for CP patients
as well as knowledge of the TLS-Hip.

During the pre-study phase, all nine authors—each working at a different medical
center—conducted a preliminary evaluation by testing the use of the TLS-Spine and the
questionnaire with colleagues, including physicians and physiotherapists specializing
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in cerebral palsy. The feedback gathered during this phase led to modifications of the
questionnaire, which were subsequently incorporated into the study.

2.3. Data Analysis

First, each survey sheet was checked for plausibility as a quality check. The failure rate
of each reviewer was calculated (%). Characteristics of the reviewers were evaluated and
differences between physicians and physiotherapists statistically analyzed by the Fisher’s
exact test and the Mann-Whitney U test.

The rating of the TLS-Spine by the reviewers was based on a questionnaire. Results are
presented as median and minimum/maximum. Statistical significance between physicians
and physiotherapists was calculated by the Mann-Whitney U test. A p-value < 0.05
was considered significant. The statistical data processing was carried out with SPSS
Statistics 19.0.

The study was approved by the ethic committee of the Medical Faculty of the Heinrich
Heine University, Duesseldorf.

3. Results
3.1. Reviewer Characteristics

For evaluation, 32 physicians and 16 physiotherapists from 29 medical centers could
be recruited, who submitted 48 reviews. All reviewers completed the questionnaire based
on 537 examinations using the TLS-Spine in CP patients—on average 11.2 patients per
reviewer. A total of 517 of 537 survey sheets pertaining to the TLS-Spine were filled out
and classified correctly (96.3%). Of the 20 cases identified as misclassified, 15 showed a
discrepancy between the GMFCS level and the assigned traffic light color—8 patients with
GMEFCS level IV or V were incorrectly classified as “green” or “yellow” in the TLS-Spine
system—and 7 patients with GMFCS level III were classified as “green”; additionally, in
5 cases, the classified child was under the age of 3.

Relevant information concerning the reviewers is described in Table 1. Between
physicians and physiotherapists, there were no statistically significant differences in relation
to failure rate in coding the TLS-Spine, duration of professional practice, experience with
CP patients and experience with TLS-Hip.

Table 1. Characteristics of the reviewers.

Criteria Physicians Physiotherapists Total p
Reviewers 32 16 48
TLS-Spine survey sheets 367 170 537
Incorrect coded TLS-Spine (n) 3.5% (13) 4.1% (7) 3.7% (20) n.s.
Professional practice since 17.5 (2-40) 17.5 (6-32) 17.5 (2-40) n.s.
graduation—median years (range)
Self-reported experience with CP
big (n) 87.5% (28) 81.3% (13) 85.4% (41) ns
moderate (n) 9.4% (3) 12.5% (2) 10.4% (41) ’
small (n) 0% 0% 0%
Previous work with TLS-Hip (n) 67.7% (21/31) 42.9% (6/14) 60.0% (27/45) ns.

All of the 32 physicians had completed their specialist training in pediatrics and/or
neuropediatrics. In total, 87.5% reported long-term experience with cerebral palsy and 9.4%
reported moderate length experience. One colleague did not answer this question. Out
of all the physicians, the rate of incorrect application of the TLS-Spine was 3.5%. Overall,
67.7% had experience with the TLS-Hip in the past. Of the 16 physiotherapists involved in
the review, 87% had completed additional training on neuro-physical disorders. A total of
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81.3% mentioned long-time experience with cerebral palsy and 12.5% reported moderate
experience. One respondent did not answer the question. The rate of incorrect coding of
the TLS-Spine was 4.1%. Overall, 42,9% used the TLS-Hip in the past. Reviewers with
previous experience with the TLS-Hip tended to show a lower rate of incorrect coding than
those with no experience, which was not statistically significant.

3.2. Evaluation of the TLS-Spine Application

The analysis of the questionnaire (Table 2) which was answered by the reviewers
demonstrated that the introduction and application of the TLS-Spine in daily clinical
routine was well accepted by respondents. Overall, the introduction of the TLS-Spine
in daily clinical work was without any problems, working with it was straightforward
and not time consuming, it helped to perform the clinical examination, to understand the
findings and to decide on the further management of the patients; for several respondents,
the TLS-Spine initiated new reflections on patient management (Figure 4).

(EI) INTRODUCTION WAS UNPROBLEMATIC (b) THE TLS-SPINE HELPED ME TO PERFORM THE
(P=0.006) CLINICAL EXAMINATION (P = 0.021)
Wphysicians W physiotherapists W physicians W physiotherapists

o
o
2 3

1

AV smv s A
4 5 6 1 2 3 4 5 6

() THE TLS-SPINE HELPED ME TO UNDERSTAND (d) THE TLS-SPINE HELPED ME TO DECIDE

MY CLINICAL FINDINGS (P = 0.015)

W physiotherapists Wphysicians W physiotherapists

W physicians

1 2 3

FURTHER PATIENT MANAGEMENT (P = 0.041)

4 5 1 2 3 a ] &

&

Figure 4. Distributions of the significant answers to (a) “Introduction of TLS-spine in daily clinical
work was unproblematic”, (b) “The TLS-spine helped me to perform the clinical examination”,
(c) “The TLS-spine helped me to understand my clinical findings” and (d) “The TLS-spine helped me
to decide further management of the patient”. The x-axis shows the rating of the respondents on a
scale from 1 to 6—"1” meaning complete agreement and “6” meaning complete disagreement; the
y-axis shows the frequency.

The comparison between physicians and physiotherapists showed statistically signifi-
cantly that in particular physicians indicated positive impact of the TLS-Spine in performing
clinical examinations, understanding the clinical findings and in decision making on further
patient management (Table 2, Figure 4).
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In general, physicians as well as physiotherapists reported a positive impression of
the TLS-Spine (Table 2).
The open comments gave a wide spectrum of feedback—from “we use it for any CP

v

patient in our institution”, “the TLS-Spine increases the awareness for spinal deformities”

/TS

up to “need for special training”, “time period for orthopaedic examination in case of ‘red’

i

missing”, “TLS-Spine not sufficiently detailed, GMFCS IV and V are always accompanied

by deformities—therefore, what for?”

Table 2. Results of the questionnaire.

- Physicians Physiotherapists Total
Criteria n=32 n=16 n=48
Median  Min-Max Median Min-Max Median = Min-Max 4
Introduction of TLS-Spine in
daily clinical work was 1 1-2 1 1-4 1 1-4 0.006
unproblematic
Workmg with the TLS-Spine 1 1-3 1 1-3 1 1-3 ns
was straight forward
The TLS-Spine helped me to
perform the clinical 1 1-6 3 1-5 2 1-6 0.021
examination
The TLS-Spine helped me to
understand my clinical 1.5 1-6 3 1-5 2 1-6 0.015
findings
The TLS-Spine helped me to
decide further management 2 1-4 3 1-5 2 1-5 0.041
of the patient
The TTTS—Sp.m.e is usef.ul in 1 1 1 14 1 14 ns
my daily clinical routine
The usage of the TLS-Spine
is not time-consuming in 1 14 1 14 1 14 n.s
daily routine
The TLS-Spine initiated new
reflections on patient 4 1-6 4 1-4 4 1-6 n.s
management
General impression 2 1-4 2 1-5 2 1-5 n.s.

Answers by the respondents on a scale from 1 to 6—"1” meaning complete agreement and “6”meaning com-
plete disagreement.

4. Discussion

To raise awareness of spinal deformities in CP children, a tool based on a traffic light
system was developed for pediatricians and physiotherapists involved in their care. The
aim of this study was to evaluate the applicability of the tool in everyday clinical practice.
Based on at least 10 uses, the reviewers—pediatricians and physiotherapists—reported
that applying the TLS-Spine tool posed no difficulties; they found it straightforward to use,
not time consuming and helpful in conducting clinical examinations, interpreting findings
and making decisions about further patient management. This study represents the first
systematic evaluation of user experiences with the TLS-Spine.

Spinal deformities—especially scoliosis—are an underestimated concern in the care
of patients with cerebral palsy, especially for patients functioning at the GMFCS level IV
and V. Otherwise, it is not explainable that a relevant number of patients see an orthopedic
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specialist the first time when the spinal deformity is already severe. Severe scoliosis
will lead amongst others to additional motor dysfunction, cardio-pulmonal insufficiency,
pain and overall, to a significant reduction of quality of life. Surgical interventions to
correct the deformity are challenging and do have a high risk for complications [13,16,17].
Therefore, it is vital to increase awareness and early detection of spinal deformities in
cerebral palsy patients. This enables an early referral to an orthopedic specialist where
the most appropriate treatment decision can be made, like surgery at the appropriate
time, before severe high-risk surgery is needed. In Sweden, the clinical examination of the
spine is part of a CP surveillance program (https://cpup.se/) and therefore allows early
identification of curve progression and initiation of conservative or surgical interventions.

Several risk factors have been identified for developing scoliosis in CP
patients [10,12,13,18]. Based on the data of the Swedish CP registry, Pettersson et al.
developed a risk score to predict the individual risk for a 5-year-old child with CP to de-
velop a severe scoliosis before the age of 16 years [19]. The analysis revealed four predictors
for scoliosis: female sex, GMFCS levels IV and V, epilepsy and limited knee extension.
The predictive ability of the score was high, with an area under the receiver operating
characteristics curve of 0.87 (95% CI 0.84-0.91), indicating a high accuracy in differentiating
between high- and low-risk individuals.

Unfortunately, in Germany and many countries worldwide, there is no comparable
surveillance program. Motivated by the positive effect of the TLS-Hip and the negative
impact of scoliosis on the patient’s physical condition and quality of life, a group of
experienced pediatric orthopedic surgeons with specialist experience in neuroorthopedics
developed a new tool—called TLS-Spine. It is designed especially for non-orthopedic
physicians and physiotherapists, who are involved in the care of CP patients, to increase
their awareness for spinal deformities. Requirements for wide acceptance of such a tool
include ease of access and applicability as well as provision of specific information to
further address issues identified.

The objective of this study was to evaluate the TLS-Spine in relation to the require-
ments outlined. The overall assessment indicated that the target group (pediatricians and
physiotherapists) rated the TLS-Spine as easy to implement and apply within existing daily
workloads without additional strains on time. Especially, physicians rated the TLS-Spine
positive in respect to performing the clinical examination, understanding the clinical find-
ings and drawing conclusions for further management of the patient. This might be since
physiotherapists are well trained in performing a clinical examination, so they do not need
additional support; they are not responsible for making decisions on treatment concepts,
so they probably do not benefit that much from this tool. But on the other hand, they also
rated it as a useful tool in daily clinical routine—like the physicians.

Consistency checks revealed that 3.7% of the patients were classified incorrectly. This
failure rate is supposed to be quite low and acceptable.

As a consequence of this study and the feedback of the reviewers, the team has already
modified the TLS-Spine and improved its design with a clearer pathway in order to avoid
misunderstandings in terms of therapeutic consequences. The updated version of the
TLS-Spine is shown in Figure 3.

In Germany, the TLS-Spine was graded as very helpful by the neuropediatricians
for their daily routine in CP patients. As a consequence, the German Society of Social
Pediatrics and Adolescent Medicine (DGSPJ), German Society of Neuropediatrics (GNP)
and German-speaking Society for Children’s Orthopedics (VKO) accepted the use of the
TLS-Spine as a quality criterion for institutions caring for CP patients. Therefore, we can
recommend this tool as a guideline for pediatricians and physiotherapists of other countries
where no specific surveillance program exists.
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Several limitations to the evaluation process have been identified. First, the selection
process of the reviewers was not standardized and the ratio of physicians to physiothera-
pists was uneven, yielding a surplus of physicians in the review group. Second, the inter-
and intrarater variability was not assessed although this aspect has no relation to the main
research question. Third, there was no special training module in place for the reviewers
apart from the guidance provided by the TLS-Spine itself and the information package.
The team deemed specific training to be unnecessary as the application of the instrument
ought to be self-explanatory. However, the lack of a training module was an additional
reason to modify the design of the TLS-Spine and still it is considered to implement a
training program. Forth, a test/retest-study to assess reliability was not conducted. Fifth,
the efficacy of the application of the TLS-Spine for patient care was not assessed. Sixth, the
TLS-Spine was not formally adapted into English.

Future studies should focus on validating the reliability of the TLS-Spine and assessing
its effectiveness in CP children. Specifically, research should investigate its potential
to support early intervention for spinal deformities, prevent the progression to severe
deformities and evaluate its impact on patients’ quality of life.

5. Conclusions

The TLS-Spine is an easy to apply tool for increasing awareness of spinal deformities
in pediatricians and physiotherapists caring for CP patients. The tool may increase rates
of early referrals to orthopedic specialists who do have extended qualified clinical and
radiographic diagnostic options and may implement early treatments. For patients, this
has the potential for improving long-term clinical outcomes as well as increasing quality
of life.
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