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Introduction
Spasticity, an upper motor neuron syndrome caused by upper 
motor nervous system disorders, is defined as a speed-depend-
ent increase in tonic stretch reflexes that worsen motor paraly-
sis and abnormal limb position. Spasticity increases muscle 
tone, causes pain, and interferes with everyday life. Extensor-
dominant spasticity occurs voluntarily when trying to move a 
paralyzed limb or because of skin irritation or owing to sen-
sory stimuli such as loud noises. Hip and knee extensions trig-
ger extension spasms,1,2 suggestive of proprioceptive receptor 
involvement.

Diffuse intrinsic pontine glioma (DIPG) develops in the 
brain stem and tends to progress rapidly, with a poor prognosis 
and an average survival time of less than 1 year after diagnosis. 
DIPGs account for approximately 10% to 20% of all pediatric 
central nervous system tumors, with the average age at diagno-
sis being approximately 6 to 7 years. DIPGs are classified as 
high-grade gliomas (WHO grade III or IV) and histologically 
present as astrocytomas that cannot be surgically removed due 
to diffuse infiltration into the brain stem.3-5 H3 KM27 gene 
mutations are known to be involved.6 Given that surgical 
removal causes significant brain stem dysfunction, the standard 

initial treatment for DIPGs comprises fractionated local radia-
tion therapy, which involves the delivery of a total dose of 54 to 
60 Gy over approximately 6 weeks. Radiation therapy provides 
temporary relief of symptoms and usually increases survival by 
approximately 3 to 4 months. Although this has the effect of 
temporarily shrinking the tumor and alleviating symptoms, 
recurrence is inevitable, and chemotherapy, such as treatment 
with bevacizumab and temozolomide, has not been proven to 
be effective. At the time of recurrence, patients who responded 
well to initial radiation therapy can be considered for re-irradi-
ation. However, this benefit is often short-lived. Approximately 
75% to 85% of patients experience some improvement in the 
symptoms following radiation therapy. However, its long-term 
effectiveness is very low, and DIPGs almost always recur. 
Recurrence rates are close to 100%, and most patients experi-
ence tumor progression within months of completion of the 
initial treatment6,7 The estimated survival period is approxi-
mately 10 months to 1 year, and the cause of death is often res-
piratory depression.8-10

Symptoms begin with cranial nerve damage and ataxia and 
progress to motor paralysis. Few reports on spastic pain exist, 
possibly because the survival period after diagnosis is short and 
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patients are less likely to complain of pain. Adolescent patients 
with brain tumors have a poor prognosis and limited lifespan; 
therefore, the choice of treatment method is important.

Spastic pain is often described as a burning or stabbing sen-
sation; however, it can be perceived differently based on the 
severity and contributing factors of the neurological condition. 
Spastic pain can affect any muscle group, from the entire body 
to specific areas, and travels along nerve pathways. People with 
neurological conditions can also experience spasticity, which 
causes involuntary muscle contractions that make daily move-
ments and activities challenging, causing discomfort, pain, and 
sleep disorders. Non-pharmacological therapies include physi-
cal therapy, occupational therapy, repositioning, splinting, and 
electrical stimulation. Pharmacological therapies include botu-
linum therapy, oral medications (painkillers, anticonvulsants, 
and muscle relaxants), intrathecal baclofen therapy, and in rare 
cases, opioids. Surgical interventions include selective dorsal 
rhizotomy. For best results, treatments should be appropriately 
selected based on the underlying condition.11,12

Case Presentation
We present a case of a 15-year-old female patient with a 
brain tumor. She presented with dizziness, diplopia, and 
upper limb weakness, and brain magnetic resonance imag-
ing (MRI) revealed DIPG. Her symptoms worsened over 
several weeks, and she underwent radiotherapy (50.4 Gy/28 
times, 10 MeV, 4-port irradiation), after which the tumors 
showed partial response. Two years after radiotherapy, no 
tumor growth was observed and the patient experienced 
only ataxia and diplopia, with no motor or pain symptoms. 
Three years after radiotherapy, she began experiencing new 
symptoms, such as spasms and pain in her upper and lower 
limbs, and MRI revealed an expanding brain tumor. The 
patient was restless and experienced insomnia due to pain. 
We considered pain as an effective descriptor and adminis-
tered anti-anxiety drugs and non-steroidal anti-inflamma-
tory drugs but without success. Pain was evaluated using 
the numerical rating scale (NRS) with a scale ruler; spastic-
ity was evaluated using the modified Ashworth scale 
(MAS).13 Average weekly pain score before admission was 
5.5 (maximum, 8.0; minimum, 4.0). MAS score was 3, indi-
cating severe spasticity.14

Neurological examination at admission revealed right abdu-
cens nerve palsy, bilateral facial nerve palsy, insufficient eleva-
tion of the soft palates on both sides, and dysphagia (choking 
on fluids). The patient had no sensory deficits but exhibited 
decreased motor movements in her upper and lower extremi-
ties. Tendon reflexes generally increased, Babinski’s and 
Chaddock’s signs were positive, and the palmomental sign was 
positive on the right side. Cerebellar ataxia was observed in the 
upper and lower limbs and the trunk. Abnormal facial sweating 
was noticed; however, autonomic nerve disorders as associated 
with bladder and rectal diseases were not evident.

Plain brain MRI revealed a mass in the brainstem with 
high-signal intensity on T2-weighted images and a necrotic 
change (Figure 1).

Chemotherapy (bevacizumab 15 mg/kg, every 2 weeks) and 
radiotherapy (20 Gy/10 times, 10 MeV, Intensity Modulated 
Radiation Therapy (IMRT)/ Volumetric Modulated Arc 
Therapy (VMAT) were initiated, and the patient’s motor 
paralysis improved slightly. However, her upper and lower 
limbs had high muscle tone; when passive stimulation was 
applied, her upper limbs would bend and lower limbs would 
stretch, causing severe pain in her extremities.

The first rehabilitation treatment consisted of range of 
motion (ROM) training, basic movement training, and 
standing and walking training. The patient experienced spas-
ticity and pain when changing positions, and had difficulty 
standing and sitting in a wheelchair. Before each training 
session, exercises to reduce muscle tension had to be per-
formed, and rehabilitation treatment could only be per-
formed for a short period of time. To reduce spasticity and 
pain and improve the efficiency of rehabilitation treatment, 
botulinum therapy was considered.

Immediately before botulinum administration, the NRS 
score was 7.5, the short-form McGill pain questionnaire 
(SFMPQ)-2 score was 119, and scores for intermittent and 
neuropathic pain were high (Figure 2).15 Initial treatment 
with 200 units of botulinum intramuscularly administered in 
the upper arm and thigh, where pain was most severe, resulted 
in improvement in the NRS and SFMPQ-2 scores to 6.0 and 
78, respectively, after a period of 2 weeks. However, after 
1 month, the pain recurred; therefore, 400 U was additionally 
administered to the upper arm, forearm flexor, thigh, and 
lower leg extension groups. One week later, NRS and 
SFMPQ-2 scores were 4.5 and 54, respectively. Two months 
later, the pain recurred and worsened (NRS, 6.0; SFMPQ-2, 
64); therefore, 500 U was administered, and NRS and 
SFMPQ-2 scores improved to 1.0 and 19, respectively. 
Thereafter, the patient was followed up for 3 months, and her 
condition did not worsen.

In rehabilitation treatment, by improving pain and spastic-
ity after administering botulinum neurotoxin (BoNT), we were 
able to improve passive ROM in a shorter time and spend 
more time on basic movement training. The efficiency of reha-
bilitation treatment also improved, contributing to the 
improvement and maintenance of activities of daily living. She 
was followed up until 27 weeks after botulinum therapy (when 
she died of respiratory depression); no complaint of pain was 
reported during that time.

Discussion
Intramuscular BoNT injections have been used to treat 
movement disorders such as spasticity and dystonia. Recent 
clinical studies have reported that subcutaneous BoNT 
injection has analgesic effects on peripheral neuropathic 
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pain.16,17 Furthermore, a randomized controlled study eluci-
dated that BoNT may reduce chronic neuropathic pain in 
patients with spinal cord injuries.18

BoNT also reduced and altered neuropathic pain in several 
animal models through various mechanisms: (i) inhibiting the 
secretion of pain mediators (substance P, glutamate, 

Figure 1. Plain brain magnetic resonance imaging (MRI) of brainstem tumor (T2-weighted images). Brain MRI at the initial examination revealed a mass 

in the brainstem with high-signal intensity on T2-weighted images (a). MRI after radiotherapy revealed that the tumor had shrunk (b). MRI in the year X − 1 

showed that the necrotic changes below T2-hyperintensity increased. Extension of the left internal capsule toward the hindlimb increased (c). According 

to the MRI in the year X, the necrotic change at the bottom of the T2-hyperintense area further increased, and the tumor was enlarged (d).
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Figure 2. The course of pain and rehabilitation treatment.
Abbreviations: NRS, numerical rating scale; ROM, range-of-motion; SFMPQ-2, short-form McGill pain questionnaire-2.
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and calcitonin gene-related protein) from nerve terminals and 
dorsal root ganglia, (ii) reducing local inflammation around 
nerve terminals and inhibiting sodium channels, (iii) indicating 
and inactivating axonal inflammation, and (iv) inhibition of 
neurogenic inflammation and peripheral sensitization through 
attenuation of neuropeptide release from nociceptive sensory 
neurons via peripheral synaptosomal-associated protein 
(SNAP)-25 cleavage. The central effects of BoNT on pain 
modulation include axonal transport of BoNT from the periph-
ery to the central nerve system (CNS). In a mouse model of 
sciatic nerve injury, the subcutaneous administration of BoNTs 
to the plantar surface of the hind paw revealed the presence of 
cleaved SNAP-25 in tissues along the nociceptive pathway 
from the peripheral nerve endings to the spinal cord.19 
Additionally, BoNTs hinder the delivery of vanilloid-1, a tran-
sient receptor potential, to neuronal cell membranes and may 
increase nociceptor excitability. Blocking peripheral sensitiza-
tion reduces the transmission of nociceptive signals to the CNS 
and neuropeptide release within the spinal cord, thereby reduc-
ing central sensitization.20,21 Moreover, subcutaneous BoNT 
injection may directly inhibit primary sensory fibers, and BoNT 
is retrogradely transported to the CNS within the axonal com-
partment, reducing peripheral and central sensitization.22

BoNT has been shown to be effective in reducing pain and 
improving the quality of life following the management of 
spasticity attributed to causes other than stroke, such as brain 
tumor.23,24 BoNT has also been reported to be used as analgesia 
to relieve pain attributed to cancerous lesions and muscle 
spasms.12 The use of botulinum toxin for pain relief in cancer 
patients and its potential benefits have been discussed previ-
ously.25 There have also been reports of BoNT being used as a 
post-radiotherapy pain reliever in cases where pain occurs after 
radiation therapy.26

Patients with brainstem tumors are hesitant to receive opioids 
for pain because of concerns regarding respiratory depression. In 
this respect, BoNT has few irreversible medical side effects, 
excluding respiratory depression. BoNT used for neuropathic 
pain resulted in relatively mild complications, such as antibody 
formation and immune-related complications, when small 
amounts of BoNT entered circulation.27 Notably, neutralizing 
antibodies against BoNT reduce its effectiveness. An evidence-
based review by the American Academy of Neurology described 
the safety and effectiveness of botulinum neurotoxin in treating 
spasticity in both adults and children,28 including those with lim-
ited life expectancy. Nevertheless, we believe that BoNT use does 
not need to be avoided when a short life is prognosticated.29

Promising new approaches to spasticity have been proposed 
and implemented in recent years; combining BoNT with other 
solutions may further improve the quality of life.30-32

Conclusion
Botulinum therapy potentially alleviates spasticity-associated 
pain in advanced stages of brain tumors in adolescents.
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