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1. Scenario

The patient is a 7-year-old male with diplegic cere-
bral palsy (CP) Gross Motor Functioning Classification
System (GMFCS) III. He ambulates with bilateral solid
ankle foot orthoses (AFOs). For longer distances he
uses a reverse walker, and for shorter distances he can
walk independently but has difficulty with unlevel sur-
faces and stairs. He is previously known to have a jump
gait pattern with increased tone in bilateral hip adduc-
tors, knee flexors, and ankle plantar flexors. Lately he
has started to crouch more, have more mid-foot collapse
and toe outwards.

He has been in your care since his diagnosis of cere-
bral palsy at 2 years old. He has been wearing braces
since that time. He receives outpatient physical therapy
weekly, and he does his home exercise program a few
times a week. Cognitively he is age appropriate, and his
speech is typical. He is continent of bowel and bladder,
and his constipation is managed with daily polyethylene
glycol. He does not have any complaints of pain, but
his parents are worried about his legs.
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Orthopedically, he does not have significant scoliosis
and his hips are showing mild hip dysplasia with a
lateral migration of 10% bilaterally.

He has received botulinum toxin injections by the
same provider since age 2. At first the injections were
every 6 months and recently have been every 3 months.
His family is reporting that the injections are still help-
ful, but they don’t last as long as they use to last.

2. Dr. McLaughlin

Within the heterogeneous group that is pediatric pa-
tients with CP, those that fall into the GMFCS III cat-
egory present the most challenges and opportunities
from a treatment perspective. Depending on the indi-
vidual child and their age, maximizing oral medica-
tions, chemodenervation injections, selective dorsal rhi-
zotomies, orthopedic surgery, and intrathecal baclofen
pumps are all potential treatment options. Administra-
tion of botulinum toxin (BoNT) type A in children with
CP results in statistically significant spasticity reduc-
tion at 2 weeks, 4 weeks, and more than 3 months after
treatment [1–3]. Although this case stresses the need for
continued follow-up after BoNT injections to observe
independent measures of clinical responses, it appears
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this patient has decreased clinical responses to repet-
itive injections. Decreasing clinical responses can be
related to several different factors.

As this patient has grown, it may be that the dosage
of BoNT has not changed, and realistically he may have
received a relatively lower unit of BoNT per kilogram
injected. The manufacturer of onabotulinum toxin A
has a dosing limit of 340 units with a maximum of
10 units/kg [4]. For a spastic diplegic patient at the age
of 7 whose weight is at the 50th percentile (26 kg), max-
imum dosing would be roughly 260 units. Based on
a survey of pediatric physiatrists in the United States,
most prefer to limit the total body dose to 400 units
(39.7%), while the second and third most common dose
limits were 500 (21.2%) and 600 (20.2%) units [5].
The dosage on the drug package insert can vary signifi-
cantly from what is commonly used in clinical practice.
Reviewing the amount of injected units may provide
a little more detail about why the family is noting di-
minishing responses with subsequent injections. In ad-
dition to the total body dose used, attention should be
given to the amount injected into each muscle group.
Appropriate ranges for BoNT per muscle group are pro-
vided as guidelines by manufacturers. The reason for
reduced clinical response may be the distribution of the
total amount into the individually and correctly selected
muscle groups versus the total body dose injected.

Another potential reason for the decreased clinical
response is the frequency of injections. BoNT is most
effective in muscle that is non-fibrotic and has receptor
sites that are available for the toxin to block [6]. Rats
who received high-dose BoNT injections have exhibited
increased muscle atrophy and decreased muscle vol-
ume [6]. As muscle volume and architecture is highly
correlated with muscle strength in children with CP, [7]
loss of muscle volume and strength could result in di-
minishing positive responses from the family. Recently,
more studies have demonstrated diminishing benefits
with subsequent injections at short intervals [8]. Fur-
thermore, equivalent clinical responses for patients who
receive injections at intervals of either every 4 months
or yearly were the same in children that were using
abobotulinum toxin A [9]. Of note, this study was not in
an American cohort of children and the authors used a
more distal BoNT site, possibly changing the effective-
ness of the medical intervention. Therefore, extrapola-
tion of those results needs to be evaluated in the larger
context of the additional care those patients received.
Also, it is crucial to differentiate a fixed contracture
from increased muscle tone. One way of doing this is
an exam under general anesthesia at the time of injec-

tion. A technique utilized in adult patients who had a
cerebrovascular accident is to perform a nerve block
in order to confirm a muscle tone issue; however, this
technique may not translate to pediatric patients with
CP [10].

While the family is reporting decreased clinical re-
sponse with onabotulinum toxin A, it does not appear
this patient has a history of being prescribed oral medi-
cations to help with spasticity. Children with CP have
shown reduction in tone after being prescribed oral ba-
clofen [11] or tizanidine [12]. Furthermore, in pedi-
atric patients with CP who received onabotulinum toxin
A injections with concomitant oral tizanidine therapy,
there was a significant improvement over the group re-
ceiving onabotulinum toxin A injections and oral ba-
clofen [12]. While this could represent a theoretical
synergistic action between the two medications, it likely
represents the benefit of targeting two different mecha-
nisms of action to decrease tone, with tizanidine acting
centrally and onabotulinum toxin A acting peripherally.
In certain patients, optimal treatment of spasticity or a
movement disorder may be optimized with a combina-
tion of BoNT with a concomitantly administered oral
medication, such as baclofen, tizanidine, diazepam, or
dantrolene [13]. Each individual patient may respond
differently to each oral medication as their tone may
be impacted differently based on inhibition of a certain
neurotransmitter.

A significant challenge in treating pediatric patients
with CP is ensuring we are optimizing the right dose
of the right medication at the right time for the right
patient. These concepts are referred to frequently when
implementing precision medicine principles for treating
patients. The increasing shift to precision medicine is
embodied by proactive medication and dosage selection
using evidence-based predictions for drug response or
adverse events [14]. Genetic variation represents one
source of inter-individual variability, and thus pharma-
cogenomic approaches are expected to make substantial
contributions to medicine and hold the promise to trans-
form the development, labeling, and use of therapeutic
agents [15,16]. In pediatric patients with CP, a small
pharmacogenetic study reported differences in response
to oral spasticity treatments based on the genes of each
individual patient [11]. While aspects of incorporation
of precision medicine have been more routinely de-
scribed in oral medication such as baclofen which re-
quire genes to encode transporters for absorption, dis-
tribution, metabolism, and elimination of this drug, [17]
injectable toxins bypass many of these processes as the
medication is delivered locally into the muscle tissue.
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A potential example of incorporating aspects of pre-
cision medicine in a patient with CP would be to eval-
uate the antibody production to potentially determine
whether to inject with a certain BoNT. The presence
of antibodies appears to be increased in patients who
receive higher injected doses and who have received
injections for a longer duration [18]. Presumably, this
patient has been injected with onabotulinum toxin A.
Switching to rimabotulinum toxin B may provide some
benefit in patients who were non-responsive to prior in-
jections; however, more than 25% of patients remained
unresponsive to rimabotulinum toxin B injections [19].

3. Dr. Inanoglu

In children with CP, gait abnormalities may be com-
plex and very difficult to characterize clinically. In the
literature there are different gait classification systems
developed to analyze gait deviations. Current consen-
sus evidence describes six multiple joint patterns in
attempts to identify underlying pathophysiology and
inform decision making for treatment [20].

In this patient’s case an instrumental gait analysis
(IGA) may be the next best step to demonstrate the
underlying pathological processes, distinguish between
different levels of impairment, and develop a treatment
plan as well as monitor progress. IGA can enhance the
likelihood of positive outcomes and reduce the number
of negative outcomes [21]. In evaluation of this child
with ambulatory CP, the first step is to confirm which
of the six joint patterns are present and to what extent:
genu recurvatum, drop foot, true equinus, jump gait,
apparent equinus or crouch gait. This in return will help
to determine the cause of each deviation, e.g., out toeing
could be from multiple causes like pes plano valgus
and external hip rotation [22]. These findings should be
carefully considered prior to non-surgical or surgical
treatment to allow all sites of pathology to be addressed
and to optimize outcomes.

In the development of the next steps of care for this
patient, it is important to set short-term and long-term
treatment goals that are specific, measurable, achiev-
able, realistic and time based. The family-centered care
model emphasizes the role of parents in the goal set-
ting. The key elements of family-centered practice in-
clude an emphasis on child and family strengths rather
than deficits, facilitating family choice and control, and
creating a therapeutic environment that optimizes the
development of a collaborative relationship. To engage
families and support their involvement in rehabilita-

tion services, it is important for providers to serve as
collaborators, consultants, facilitators, educators, and
coaches [23].

The other critical aspect of this ambulatory patient’s
care is gait rehabilitation. Physical therapists (PTs) are
an important part of the multidisciplinary care team.
Current literature shows that trunk control, not the tra-
ditionally claimed spasticity, may be the strongest pre-
dictor for gait capacity in children with CP (GMFCS
I-III) and that leg muscle strength and selective volun-
tary control are strongly related to trunk control in this
cohort [24]. The child’s physical therapy plan should be
revisited and should include functional electrical stim-
ulation (FES) [25], robotic training, and aquatics (if
available).

At International Classification of Function (ICF) by
the World Health Organization body structure and func-
tion level, there is evidence that FES may increase
(active) ankle dorsiflexion angle and strength and im-
prove selective motor control, balance, and gait kine-
matics [26]. Robotic training also provides benefits for
patients with CP, specifically by increasing walking
speed and endurance and improving gross motor func-
tion [27]. Another helpful therapy approach is aquatics.
In 2015, Lai et al. [28] showed that a pediatric aquatic
therapy program improved gross motor function mea-
sured by the 66-item Gross Motor Function Measure
(GMFM-66) and generated greater enjoyment than con-
ventional therapy. Aquatic therapy exerts both thermal
and mechanical effects that enhance motor function.
The thermal effects are beneficial for pain and spasticity
reduction. The mechanical effects provide benefits by
decreasing the influence of gravity and joint loading
and facilitating postural support and muscular strength.

In this patient with CP, hippotherapy may also be
considered for the specific goal of improved trunk pos-
ture control [29]. Current evidence shows hippother-
apy may be useful to maximize the functional perfor-
mance of children with CP when outcome measures
such as GMFM-66 and Pediatric Evaluation of Disabil-
ity Inventory-Functional Skills Scale (PEDI-FSS) are
used [30]. GMFM-66 measures the child’s capacity for
gross motor function in a standardized environment,
while the PEDI-FSS measures performance in func-
tional activities of daily life. When used together, the
GMFM and PEDI-FSS may provide a comprehensive
picture of a child’s functional abilities at the ICF activ-
ities level [31]. With the use of hippotherapy, signifi-
cant gains have been observed in walking, running and
jumping. The GMFM-66 represents the unidimensional
construct of gross motor ability according to task diffi-
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culty and thus is recommended for research purposes
when comparing changes in gross motor function over
time in children with CP [32].

The best model of care for spasticity and abnormal
gait is provided by a multidisciplinary team using a
multimodal approach. In this child’s care, consulting
with the team that ideally includes a pediatric orthope-
dic surgeon and a PT would help outline the underly-
ing complex deformities and abnormal movement pat-
terns. Even if there is no opportunity for an IGA, an
observational gait analysis through a video recording
by the multidisciplinary spasticity team would provide
better insight into the pathophysiology [33]. Other team
members may include a pediatric neurologist who is
specialized in movement disorders and a neurosurgeon.

Finally, in the multidisciplinary consultation rounds,
different treatment options would be discussed based
on the goals determined and the data obtained. These
potential care options include oral anti-spasticity med-
ications, chemodenervation with serial casting, phe-
nol/alcohol motor point or nerve blocks, orthopedic
surgery, intrathecal baclofen therapy and selective dor-
sal rhizotomy.

4. Updated case

Since you last saw your patient, he is now an 8 year
old. He did a gait study at your local gait lab, and this
evaluation was interpreted by an orthopedic surgeon, a
fellow pediatric rehabilitation medicine physician and
a pediatric PT. They recommended an intensive outpa-
tient physical therapy program. He went through this
program and, at first, he was walking longer distances
with greater efficiency of movement. He reported less
fatigue and an overall sense of feeling stronger. Eight
months later he reported that his spasticity had wors-
ened and he was not walking as long or as far. He did
another intensive outpatient therapy program which did
not improve his walking speed or efficiency of move-
ment as much as his first round of intensive therapies.
The family tries to do a robust home-exercise program
but is limited by family constraints. He presents to
your clinic with his family, who asks, “What else can
we do to get his walking better?”, “Is there something
more besides surgery that could improve his walking?”,
“BoNT injections in the past were helpful; could we try
that again?”, and “Is there something wrong with his
muscles because it keeps getting harder to walk over
time?”.

5. Dr. Inanoglu

This would be a good opportunity to revisit the nat-
ural course of CP with this patient and family. Chil-
dren with CP reach a plateau in gross motor skills by
6-7 years of age [34] and there is a measurable deterio-
ration in their gait when they reach their teenage years
if there is no intervention [35]. Gait is most inefficient
at age 12 in ambulatory children with CP and gross mo-
tor function skills deteriorate shortly afterwards [36].
The walking velocity decreases, they spend more time
in double support, their stiffness increases in hips and
knees, and a gradual shift is seen from equinus through
neutral to calcaneus at the ankles [37]. Furthermore,
10–20% become non-ambulatory by age 40 [35]. With
this slow downward trajectory, maintenance of the gait
of this child at the current level is still an improvement
over natural history. Children with GMFCS III and IV
are at the greatest risk for this decline in function [35].
Current knowledge indicates decreased physical activ-
ity, decreased participation in physical therapy and fit-
ness programs, loss of strength, contractures and pain
are the most common factors for functional decline
in individuals with CP [35]. Over 30 years of clinical
research have demonstrated that leisure-time physical
activity participation is critical for enhancing health,
function, and well-being in children and adults with
CP [38–40]. Thus maintaining a fitness and exercise
program is crucial for this patient in this case.

In addition, even though the underlying injury is
static in CP, the manifestations may evolve over time.
Children may go through different phases with their
tone issues before they end up with abnormal motor
control and movement patterns as late as the second
decade of life [35]. Injury to specific brain centers gen-
erates specific types of functional loss; however, in the
end this cohort of children has three primary abnormal-
ities of gait: loss of selective motor control, impaired
balance, and abnormal tone. Furthermore, secondary
musculoskeletal abnormalities emerge slowly over time
in direct proportion to the rate of skeletal growth [35].
A spastic muscle will eventually develop true contrac-
ture as muscle growth fails to keep pace with bone
growth. The distal biarticular muscles are usually the
most severely involved and most prone to contractures.
Bones also fail to mold or remodel normally as they
grow, leading to rotational deformities. As is the case
with this patient, pathological gait is complex and can
result from multiple etiologies. For example, crouch
gait can be secondary to poor balance, loss of selective
motor control, abnormal tone, weakness, and lever-arm
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dysfunction. At the same time there may be muscle
fiber atrophy and fiber loss resulting in shortening of
muscles and reduced muscle volumes [41].

The history of functional decline for this 8-year-old
patient also necessitates a comprehensive neurological
exam to assess for any potential new focal deficits and
to identify the existing component of dystonia, with co-
contraction of muscles across joints contributing to po-
sitional abnormalities. A detailed musculoskeletal exam
can reveal pelvic tilt and femoral or tibial torsion that
can be addressed in physical therapy with de-rotational
straps. If there has been any metabolic or energy assess-
ment during IGA showing increased O2 consumption,
OT referral to address energy conservation and instru-
mental ADL training would be helpful. Optimizing use
of assistive and adoptive devices and orthotics can make
a difference. A custom hinged AFO may be considered
in this case to provide support in mid-stance and energy
return in push-off augmenting power generation at the
ankle [42].

With this patient who reports decreasing activity lev-
els and endurance, it is also important to consider other
comorbidities such as seizures, mood disorders, insom-
nia, anemia, obesity, failure to thrive and pain as po-
tential contributors to functional decline. Addressing
these medical conditions with appropriate evaluations
may be needed. Repeating brain MRI for worsening
seizures, consulting neuropsychology for mood and
cognitive evaluation, referring to a sleep team or sleep
study for possible sleep disordered breathing, ordering
blood work for anemia and poor nutrition or consulting
with a nutritionist for increased weight gain may all
potentially contribute to improved function. Pain is a
common risk factor in growing children with CP [43].
Imaging studies may help localize the source of pain
if joint or bone abnormalities, such as hip dislocation,
are suspected. Consulting with a multidisciplinary pain
team may be beneficial for diagnosis of the etiology of
pain as well as providing management.

As mentioned earlier, the best approach to a com-
plex gait problem is to break it down into individual
components that can be studied by focused physical ex-
amination, imaging, and gait analysis. Once a specific
and accurate problem list is developed, addressing each
condition individually is the next step in management.
In this patient’s case, if there is worsening spasticity
or dystonia, resuming BoNT may still be a reasonable
approach. The type or the brand of BoNT used in the
past may be changed for the next injection cycle since
the diffusion to adjacent and remote muscles of differ-
ent toxins may be different due to their protein com-

position [44]. Muscle selection should reflect current
specific problems and target realistic goals agreed on by
the family and patient. Also prioritizing the antagonistic
muscles that show exacerbated co-contraction may be
a better approach in muscle selection [45]. For each
muscle selected, the total body units may be increased
based on the current weight of the patient and the size
of the muscle. The possibility of resistance and using
precision medicine principles are all important parts of
the discussion at this time and should be reviewed with
the family. Performing the injection under general anes-
thesia or doing selective nerve blocks should be con-
sidered to differentiate fixed contractures from muscle
hypertonia. Phenol or alcohol blocks can be combined
with BoNT to spare the neurotoxin for widespread use
and provide longer lasting relief in selected areas. Fol-
low up care after BoNT with serial casting may help
with equinovarus deformities. As discussed previously,
systemic medications such as baclofen, tizanidine, etc.,
can be used in conjunction with injectables with close
monitoring for side effects such as cognition, vision,
bladder and bowel function. Medical use of cannabis or
cannabidiol oil through compassionate cultivation may
also be considered. Even though the evidence is contro-
versial for the use in spasticity [46,47], Compassionate
use means expanded access to investigational drugs for
treatment of serious or life-threatening illness outside
of clinical trials when no comparable or satisfactory
option is available. State Medical Board Registries may
guide physicians in the appropriate use and regulation
of dosage.

Finally, if there is no progress seen with any of these
interventions, repeating the IGA to develop an accurate
and precise problem list to inform surgical decision
making is a good approach. Potential surgical options
include single event multilevel surgery, selective dorsal
rhizotomy or intrathecal baclofen and can be reviewed
by the multidisciplinary spasticity team.

6. Dr. McLaughlin

As Dr. Inanoglu referenced, although CP is a static
central injury, it has many peripheral manifestations. As
it has been a longer time since his last BoNT injections,
resuming this intervention may provide a more optimal
clinical outcome than prior injections. This ‘drug hol-
iday’ has been shown to provide beneficial outcomes
after a long duration of intrathecal baclofen treatment,
for example [10]. After drug holidays, studies have
shown decreased adverse effects and improved or sim-
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ilar levels of drug response at lower doses with med-
ications commonly used by or familiar to physiatrists
such as intrathecal baclofen [48], levodopa [49], and
methylphenidate [50]. Drug holidays allow for evalua-
tion of efficacy and tolerability. Temporary cessation of
the medication may provide information about whether
the medication was actually useful or not [51]. In the
case of this specific patient, it may have allowed for
improvement in the muscle fibers that were present.
Because BoNT irreversibly binds at the pre-synaptic
terminal, a drug holiday may theoretically allow for a
healthier nerve terminal. Unfortunately, drug holidays
are not without risk. In the case of a medication like in-
trathecal baclofen, rapid downward titration for a drug
holiday may result in withdrawal symptoms which can
be life-threatening. Fortunately for this patient, there
are no withdrawal symptoms for cessation of BoNT.
However, there is a risk for more spastic muscles, al-
terations in gait, or potential contracture formations if
BoNT was beneficial. Weighing the risk and benefits
of and optimally timing a drug holiday, may be ad-
vantageous to both providers and patients by allowing
evaluations to occur without specific interventions.

Directly addressing the question of “Is there some-
thing wrong with his muscles because it keeps getting
harder to walk over time?” involves explaining that
muscle architecture is directly related to muscle func-
tion in pediatric patients with CP [52]. Several factors
could be contributing to a potential change in this pa-
tient’s muscle architecture that have changed the appar-
ent gait pattern. Muscle architecture may have changed
with repetitive BoNT injections, as this has been shown
to cause fibrillar and non-fibrillar changes in non-human
studies [6]. Characterizing these changes specific to pe-
diatric patients with CP becomes a little more challeng-
ing. Additionally, the prolonged time since this patient’s
last treatment or the diminishing clinical response ob-
served over time may have caused a change within this
patient’s muscle development [9].

To help address this patient’s other questions, it cer-
tainly seems reasonable that the resumption of BoNT
injections would be a potential treatment option. The
family seems hesitant to try surgery, but there is also
the option of oral medications. Tizanidine and baclofen
have been used as adjunctive treatments to BoNT in
the past with relatively small numbers of adverse ef-
fects [53]. Additionally, if the IGA demonstrates pri-
marily spasticity in the absence of dystonia and good
motor control, a selective dorsal rhizotomy may be a
reasonable suggestion.

Overall, this case is a common problem encountered
by physicians treating CP, which highlights the need

for continued research into spasticity treatment and
management. Although important to note the challenges
of this case, this patient is only 8 years old and will
likely need many different treatment options during the
course of his lifetime. Regardless, the family will look
toward their medical team to provide the best option
both at the time of the clinical visit and for years to
come.

7. Dr. Inanoglu

In closing, CP is a multisystem disorder that results in
complex movement abnormalities. Ambulatory children
with CP commonly manifest with a multi-joint gait
disorder that requires a thorough and multidisciplinary
evaluation. In planning the family-centered treatment
care, it is important to develop a holistic approach and
address different planes of motion at multiple segments
of the lower extremities. With the limitations of the
current quality evidence, future research should focus
on better longer term strategies to successfully prevent
worsening of gait and function in this cohort of children.
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