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Abstract

Different forms of spondylolisthesis (SP) have been described. This
pathological condition is often due to a birth defect in the lumbar area, but
it can also be caused by a sudden injury resulting from an acute trauma.
In athletic children and adolescents, SP may represent a stress fracture
triggered by overuse. SP can also be consequent to cancer, although this
clinical condition is rare. The first manifestation of SP is pain. Neoplasm-
related SP may also induce physical impairment and postural alterations
of the spine, such as flatback and hyperkyphosis. These changes may also
affect the entire spine, including the cervical region (i.e., forward neck)
and the head (i.e., forward head). A prompt assessment of children with
oncological SP is crucial and involves clinical and radiological evaluations.
Multiple healthcare professionals are involved in the management of
children with oncological SP, including spinal specialists, pediatricians,
oncologists, and psychologists. Orthodontists may also contribute to
cervical posture evaluation. The authors of this review aim to provide a
comprehensive overview of the topic, particularly focusing on the clinical
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assessment of children with oncological SP and
the possibilities for rehabilitative treatment.
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Introduction

There are 5 common types of spondylolisthesis
(SP): congenital, isthmic, degenerative, traumatic
and pathologic [1]. Congenital, traumatic and
isthmic types are commonly found in pediatric
patients, while degenerative and pathologic
types may occur in both developing and older
individuals [1]. In small children, SP is often due
to a birth defect in the lumbar area or a sudden
injury caused by acute trauma [1]. In athletic
children and adolescents, SP may result from a
stress fracture triggered by overuse [2].

Pathologic SP in children is anatomically
characterized by a slip resulting from weakness
within the bones [1, 3]. This weakness leads to
the destruction of the posterior portion of the
vertebrae, including the neural arch that surrounds
the spinal cord [1].

Pediatric oncological SP can also cause
physical impairment and postural alterations of
the spine, such as hyperkyphosis or swayback
[4]. These changes can also affect the posture of
the entire spine, including the upper part of the
column and the head [5].

The primary manifestation of SP is pain, which
should never be underestimated by clinicians,
particularly when dealing with pediatric patients
[1]. Low back pain (LBP) is relatively common
in children and is often attributed to inactivity
and poor posture [6]. However, persistent LBP,
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especially when accompanied by tingling,
weakness, or numbness in both legs, should
be considered a red flag — a clinical condition
requiring rapid and thorough evaluation before
starting any treatment [4].

A prompt assessment of children with LBP
and suspected SP is necessary and involves
appropriate clinical and radiological evaluations
[1]. If an oncological disease is detected, further
assessments are required, and surgery becomes
unavoidable [7].

Various healthcare professionals, each con-
tributing their skills and expertise, are involved in
the treatment process, taking care of children with
oncological SP [8].

The authors of this review aim to provide a
comprehensive overview of the topic, particularly
focusing on the clinical assessment of children
with oncological SP and the possibilities for post-
surgical rehabilitative treatment.

Materials and methods
Focused questions

What approach is taken in the clinical
assessment of children with a pathological SP
due to cancer? What conservative treatments are
beneficial for treating these young individuals?

Eligibility criteria

The analysis of the studies was conducted
based on the following specific inclusion criteria.
1. Study design: randomized clinical trials,

observational and cohort studies, and case

reports.

2. Participants: children with a history of
pathological SP.

3. Interventions: conservative treatments con-
cerning young people with pathological SP due
to neoplasms.

4. Outcome: the role of clinical evaluation of kids
with a pathological SP due to cancer. Studies
that investigated conservative treatments in aid
of these individuals were considered.

Only investigations that accomplished all
these inclusion criteria entered the review. Fur-
thermore, the following exclusion criteria were
applied.

1. Abstracts of papers published in non-English
languages.

2. Duplicate manuscripts.
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3. Irrelevant studies, such as those with aims
unrelated to the research questions, those
analyzing different supplementary treatments,
or those where the full-text content did not
align with the abstract.

4. Ex-vivo or experimental animal researches.

Analyses without Ethics Committee authorization.

6. Meta-analysis, systematic reviews, or narrative
reviews.

bt

Search strategy

The PICO model (Population, Intervention,
Comparison, Outcome) was referred to carry on
this review. An extensive literature search was
carried out by considering Scopus and PubMed
(MEDLINE) electronic databases. Abstracts of
papers evaluating the clinical assessments of
children with SP due to cancer were identified and
analyzed. Abstracts of studies on conservative
treatments useful for treating these young
individuals were investigated as well.

Research

The following medical subject heading (MeSH)
terms were used in the search: spondylolisthesis,
cancer, pain, pediatrics, and spine. The Scopus
and PubMed (MEDLINE) databases were
electronically searched, targeting manuscripts
published between 2000 and 2023, and restricted
to ages ranging from 11 to 19 years old. The
latest search was conducted on July 5, 2023. Two
reviewers, who were trainees as concerns this
study analyses, performed the search and resolved
disagreements and discrepancies through consensus
and consultation with two extra reviewers. Titles
and abstracts of the initially identified papers
were carefully reviewed, and non-relevant studies
were eliminated. The significant articles were
then extensively surveyed to exclude any similar
studies that met the inclusion criteria. For the
extraction of relevant results, the full texts of the
included studies were read, and all the findings
were recorded.

Results

The primary search identified 140 articles based
on MeSH terms, published from 2000 to 2023.
Following those, the research has been restricted
to randomized clinical trials, observational and
cohort studies and case reports concerning human
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studies; thus, 14 articles were screened and
evaluated for eligibility.

Discussion
Clinical approach

A clinical approach should include a com-
prehensive anamnesis (i.e., the young individual
history), a thorough physical examination, and a
satisfactory radiological assessment.

As for the first evaluative point, information on
familiar (for instance, by asking: “Did the suspect
condition also occur in the parents or relatives?”),
physiological (i.e., pregnancy, delivery, psycho-
motor development, and menarche), past (for
instance, by inquiring: “Are there any clinical
states or events that may have caused the suspect
condition, such as traumas?”), and recent (for
instance, by asking: “Has anything recently
occurred that caused a spinal pain?”) history is
mandatory.

As for the second assessing point, clinicians
have to carefully evaluate the lumbar spine with
special attention to [9]:

1. lateral inspection, by observing any abnormal
postural deviation (e.g., hyperkyphosis, sway-
back, or hyperlordosis);

ii. joint mobility, by evaluating the range of
motion of the lumbar tract as the extension,
lateral flexion, and forward bending;

iii. evaluation of muscle strength, by assessing
the main extensor, flexors and latero-flexors
of the lumbar spine according to the Medical
Research Council Scale for Muscle Strength,
which ranges from 5 (normal strength) to 0
(no visible contraction);

iv. palpation of the muscles, by feeling any
abnormal contracture of the main lumbar
muscles located in the back;

v. peripheral neurological examination, by
examining superficial and deep reflexes,
as well as superficial, deep and composed
sensitivity;

vi. balance, by assessing the capacity to maintain
static and dynamic equilibrium;

vii. walking, by evaluating the ability of a young
person to ambulate normally, and by pointing
out any serious deviations from the standard
schemes of gait.

An in-depth examination of the rest of the
column and the head is further advised, to point
out any additional postural deviations, such as
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the forward neck and head, their joint mobility
(also including the temporomandibular joint),
and any muscle contracture in the neck or the
head.

A widely known self-administered outcome
measure, the Scoliosis Research Society-22
Patient Questionnaire (SRS-22), is advised to
assess the health-related quality of life (HrQoL)
of young people with spinal disorders [10]. It
is a region-specific instrument and includes 5
domains (i.e., function, pain, mental health, self-
image, and management satisfaction/dissatisfaction
with treatment). The total score for each domain
ranges from 1 to 5, with 5 being the best. Further
refinements with this outcome measure were
proposed [11]. The SRS-22 patient questionnaire
is also available in the native language of the authors
of this study, and further investigations also in
oncological populations with spinal problems
would be interesting [12].

Concerning the third evaluative point, a
radiological examination is the best way to
diagnose SP. In detail, a standing lateral X-ray
allows us to see the vertebra that has slipped
off the spinal column (usually L5-S1, then L4-
L5, with multiple sites retrieved in blue cases)
[13]. When there is a suspect of malignancy,
more advanced evaluations are recommended,
such as computed tomography and magnetic
resonance imaging [13]. A full standing X-ray
and posterior-anterior and latero-lateral views
allow a complete spine assessment to exclude
additional deformities (i.e., scoliosis), and a
skull X-ray is advised by expert physicians [14].
More invasive radiological examinations of the
full spine and the head are recommended only
when there is a suspicion of bone or visceral
metastases in these tracts of the locomotor system
[13, 14].

Aside from the physical assessment, psy-
chological disturbances evaluations are also
recommended to rapidly catch mood disorders
and maladaptive thoughts that are expected when
a pain in the back occurs [15]. These feelings are,
of course, greatly worsened when an oncological
diagnosis adds up to pain [15]. Measures of mood
disorders, catastrophizing, and fear avoidance
were discussed by the authors of this study, but
further analyses are advised to investigate their
application and evaluation within young Italian
individuals [16-18].

Tab. 1 shows symptoms and signs of pediatric
oncological SP.
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Table 1. Symptoms and signs of pediatric oncological
spondylolisthesis (SP).

Intractable pain irrespective of motions
and stances (also during night)
Pain -
Pain in the lower back
Pain in the lower limbs
Pain-associated | Ve’
warning clues Chills
(red flags) Unintended weight loss
Difficulty with physical functioning
Reduced mobility
_Phys'ncal Lowered dexterity
impairment
Lessened strength
Thigh hamstrings
Forward head
Postural Hyperkyphosis
alteration Flat back
Swayback

Oncological treatments

Once a diagnosis of SP due to cancer in young
people is achieved, surgery and radiotherapy (RT)
are often mandatory, as the above condition may
result in high morbidity and a high rate of lower
limb paralysis [19]. Surgery usually encompasses
posterior-only fusions, anterior lumbar interbody
fusions, and combined anterior and posterior
fusions procedures [19]. However, it is still being
discussed which is the best way to merge spinal
surgery and RT to increase the benefits and abate
the risks, as well as what are the optimal timing,
course, and dose of RT, especially in children [19].

Post-oncological treatments

When an oncological treatment (both surgical
and radiotherapeutic) takes place, conservative
treatments — including both orthoses and exercise-
based therapy — should be adopted, as well as
psychological therapies, as a comprehensive way
to take care of the young patients with cancer-
related SP. These treatment options are detailed
below.

1. Orthoses. They are devices designed to im-
prove biomechanical function, encourage proper
lumbar joint alignment, and protect the spine.
The Boston and the Cheneau braces are the most
used orthoses as concerns SP and are molded to
hold the operated tract of the spine in a straighter
and unrotated position, by putting pressure on
the outer edge of the curve. These braces limit
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excessive motion at the operated segment,
helping control pain and lessening damage to the
joints, nerves, and muscles [20].

2. Exercise therapy. It includes active spinal
mobilization aimed at slowly improving the
spinal and head joints’ mobility, improving
spinal deep muscles and head muscles awareness
by means of specific techniques for strengthening
these muscles, and segmentary stretching in-
volving the lower limb (with special attention
to thigh hamstrings) and back muscles. Postural
control by active self-correction is also advised
by enhancing the motor control of the head,
the spine, and the pelvis: concerning the head,
exercises aim at adjusting the forward posture
of the cranium; regarding the spine, specific
movements tailored to children to counteract
hyperkyphosis, flatback or swayback are mainly
recommended [21]. Children also have to perform
balance and walking exercises and be trained
in how to change position (e.g., when lying in
bed, sitting, or standing). Ergonomic advice is
also important to help with the modification of
usual daily activities (e.g., avoiding crossing
legs, taking brief walks, and switching positions
often) [21]. Types of physical exercises for SP
are shown in Tab. 2.

3. Psychological therapy. It consists of cognitive-
behavioral techniques that enable to improve
mood disorders (i.e., anxiety and depression),
catastrophizing, and the fear of movement
by guaranteeing gradual reactions to illness
behaviors. Young people are encouraged to view
their delicate problems as positively as possible.

Table 2. Types of physical exercises @ for the head, spine
and limbs for spondylolisthesis (SP), after oncological
treatments.

Type Aim

Mobilization (except the
site of SP)

Strengthening

Joint mobility

Muscle strength

Stretching Elasticity and muscle tone

Postural control Neuromotor control

Static and dynamic stability

Balance -
Prevention of falls

Walking Cardiovascular fitness

Ergonomic modifications | Activities of daily living at home
of usual daily activities and outside

SP: spondylolisthesis.

2Note: the exercises are to be tailored and adapted to the young
people, and progressively implemented by adopting pacing and
graded exposure techniques.
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The correct awareness of the problem helps
relearning and reacting to frightening thoughts,
by increasing their level of activity by means
of graded exposure to the situations they may
identify as dangerous. The reacquisition of
adaptive coping strategies is also targeted by
means of communication, motivation, and
sharing of the goals to be reached during
common activities [22].
A similar program was already undertaken in
adults operated for SP, and further evidence in this
population should be provided [23].

Multidisciplinary care team

Several healthcare professionals are engaged:
those who are directly involved in the clinical
management, such as the spinal specialists, as
well as the pediatrics, the oncologists, and the
psychologists.

The spinal physicians include the spinal
surgeons (both orthopedics and neurosurgeons),
who surgically treat the children with an SP, and
the physiatrists, who are commonly engaged in
evaluating postural changes of the column and in
delivering the conservative treatment (e.g., with
orthoses and planning the exercise program).

The physiotherapists put into practice the
indication received by spinal specialists and provide
young people with individualized exercises.

Children with SP are also referred to two other
essential physicians: oncologists (also including
the radio-oncologists), who are part of the care
up to post-treatment, and pediatrics, who provide
medical care for children and their families.

The clinical psychologist is the health pro-
fessional who performs psychological evaluations
and talk therapy to help young people to learn and
better cope with their life, problems, and other
people (both peers and adults).

Orthodontists are commonly involved in the
cervical posture assessment of young people
with SP due to cancer, by evaluating the postural
alterations related to teeth and jaw irregularities
and temporomandibular disorders (TMDs). Cer-
vical spine posture can be assessed through
teleradiographs and cephalometric analysis, which
are routinely performed by orthodontists [24].

Limits of the study

This review presents some limits. It does not allow
focused comparisons between studies. The matching
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between some variables could be problematic and
might vary depending on the patient. Moreover, the
search method could have been too specific for a
scoping inquiry. More studies are needed to deeply
analyze the evaluation of postural assets in young
people with SP because of a tumor.

Conclusions

This overview reported the most frequent
medical assessments of young people with cancer-
related SP. Proper clinical and radiological
evaluations are needed. Evidence-based multi-
disciplinary rehabilitation approaches, which
primarily include braces, exercise, and cognitive-
behavioral therapy, should be provided by the
treatment. A multidisciplinary team including
spinal specialists, pediatrics, oncologists, psy-
chologists, and orthodontists is necessary to take
care of these patients.

Research agenda

* Add evidence of self-administered outcome
measures, such as the SRS-22 patient ques-
tionnaire, for the assessment of HrQoL in young
people with SP due to cancer.

e Improve evidence, possibly through ran-
domized controlled trials, of post-surgical
multidisciplinary rehabilitation that incorpo-
rates braces, exercise, and cognitive-behavioral
therapy for young people with SP due to
neoplasms. Adequate follow-ups are expected.

* Add evidence, possibly through randomized
controlled trials, to the role of orthodontists as
part of multidisciplinary teams, concerning the
postural evaluation of the head.
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