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Male, 45-year-old

Cervical facet syndrome e radiation induced fibrosis

Headache ¢ neck pain and stiffness

Neck stretches ¢ soft tissue manipulation ¢ spinal manipulation ¢ therapeutic ultrasound
Chiropractic ¢ Rehabilitation

Rare disease

Pineal gland tumors are rare central nervous system tumors, and while neck pain and headaches may be com-
mon among those who have had these tumors removed, there is little research regarding management of these
symptoms.

A 45-year-old man with a history of pineal germinoma treated with pinealectomy, chemotherapy, radiation
therapy, and ventriculoperitoneal shunt placement at age 21 presented with chronic neck pain and headaches,
which initially improved following his surgery and concurrent therapies, yet progressively worsened over the
following years. He required thyroid and testosterone medication because of radiation-induced hypopituita-
rism, yet was employed, and until recently, active with playing tennis. He had previously seen his primary care
provider, orthopedist, and neurologist, and had been cleared of severe pathology via brain magnetic resonance
imaging and was referred to the chiropractor. On examination, the patient had severely limited passive cer-
vical spine range of motion, yet hat no neurologic deficits, and radiographs showed mild cervical spondylosis
and cervicothoracic scoliosis. His history and presentation were suggestive of radiation-induced fibrosis. The
patient’s neck pain, headaches, and quality of life improved with multimodal treatments including spinal and
soft-tissue manipulation, stretches, and yoga.

This case illustrates long-term sequelae of a pineal gland tumor and its treatment, including neck pain and
headache, and improvement with multimodal chiropractic therapies. Despite the success in this case, these re-
sults are not broadly generalizable. Further research is needed to understand the natural history of symptoms
and effectiveness of multimodal therapies among patients who have had pineal tumor surgery.

Chiropractic  Manipulation, Spinal ¢ Neck Pain ¢ Pineal Gland ¢ Radiotherapy
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Background

Pineal gland tumors are a rare type of brain tumor typically di-
agnosed in younger individuals and most often present with
headaches and nausea or vomiting [1,2]. While patients may
expect significant improvements in pain and disability after sur-
gery and other treatments to remove pineal gland tumors, there
is limited research examining long-term outcomes or multidis-
ciplinary pain management for these patients [3]. Research in-
dicates that patients undergoing pineal gland surgery may be
at a heightened risk for degenerative disc pathology and sco-
liosis [4,5], while adverse effects of other treatments for these
patients related to chemotherapy, radiation therapy, and ven-
triculoperitoneal shunt placement also may contribute to pain [6-
8]. To date, there is a limited understanding of the spectrum of
symptoms and their treatment in patients who have undergone
surgery and other concurrent therapies for pineal gland tumors.

Pineal gland tumors make up 0.4% to 1% of all brain tumors [9].
These have a male predominance, which is even stronger for
germ cell tumors such as germinomas (12: 1 male to female
ratio) [10]. The median age of diagnosis is age 17 years [10].
Surgery for these tumors in the early 20" century was asso-
ciated with high rates of mortality, but with newer advance-
ments such as cerebrospinal fluid shunting and radiotherapy,
the mortality rate has reduced [11]. According to a large-da-
tabase study in 2009, patients with germ cell pineal tumors
(eg, germinoma) have a 5-year survival rate of 79+2% [10].

Presenting features of pineal gland tumors often include head-
aches, nausea and vomiting, polyuria, and diplopia, but may
also include neck pain or a range of other neurological symp-
toms [1]. However, the symptoms following surgery for pineal
gland tumors are not well described [3]. In a study of patients
who underwent surgery for pineal gland lesions, patients re-
ported a significant reduction in pain on average [3]. However,
at 6 months or more following surgery, patients’ mean pain
severity was 12420 out of 100, indicating that pain relief was
variable, and some patients had higher levels of ongoing pain
than others [3].

Based on studies in animals, pinealectomy has been suggested
to accelerate disc degeneration and increase the risk of scoli-
osis [4,5]. The suggested mechanism is via the loss of melato-
nin, a hormone produced by the pineal gland [4,5]. Melatonin
is involved in sleep-wake cycles, but also acts as an antioxi-
dant, an anti-inflammatory, and a neural signaling molecule,
and helps modulate pain [12]. In addition, there are melato-
nin receptors in the intervertebral disc, which suggest it plays
a role in spine health [13].

Treatments used alongside surgery for pineal gland tumors
may also contribute to pain syndromes. Radiation therapy
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can induce muscle fibrosis, which typically develops 4 to 12
months following radiation and can progress over the span
of several years [14]. Radiation-induced fibrosis is painful and
can significantly limit range of motion [6]. Chemotherapy also
commonly causes pain in general [6,7]. While rare, complica-
tions related to an implanted ventriculoperitoneal shunt can
cause neck pain [8,15].

Chiropractors are healthcare providers that often treat neu-
romusculoskeletal conditions such as neck pain and head-
ache [16]. There is limited but encouraging evidence that chi-
ropractors can serve a role in helping manage pain in patients
who have neoplastic conditions or who are dealing with pain-
ful sequelae related to these conditions [17-19]. Chiropractors
utilize a range of manual therapy (hands-on) treatment tech-
niques that alleviate pain and improve range of motion, as
well as guide patients through rehabilitative exercises [16,20].

As pineal gland tumors are rare, there is little research regard-
ing long-term follow-up or treatments for patients with neck
pain or headaches following their surgical removal and treat-
ment. Accordingly, we report a case of a patient who suffered
from chronic neck pain and headaches persisting then wors-
ening after pineal tumor surgery, which significantly improved
with multimodal chiropractic interventions.

Case Report

Patient Information

A 45-year-old male pineal gland tumor survivor presented to
a chiropractor reporting intermittent, moderate headache and
neck pain and severe neck stiffness (Figure 1). His neck pain
was bilateral, but more severe on the right side, and involved
the cervical-thoracic region (upper trapezius) and occasional-
ly the periscapular borders. He also noted severe neck stiff-
ness and difficulty turning, bending, or extending his neck.
His headache was described as bilateral, mostly occipital,
and occasionally temporal, and did not involve any aura, diz-
ziness, nausea, or vomiting. His self-reported pain intensity
of his neck pain and headache was 6 out of 10 on the numer-
ic pain rating scale. His World Health Organization Quality of
Life (WHOQOL) score was 70%.

The patient worked as a construction company owner. Aside
from his previous pineal tumor surgery and sequelae of sub-
sequent radiation therapy, hypopituitarism, dental caries, and
occasional dry mouth, he was otherwise healthy. He was a non-
smoker, occasionally drank alcohol, and had no significant fam-
ily history, including cancer or spinal disorders.
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severe neck stiffness

A 45-year-old male pineal-gland-tumor survivor presents to a chiropractor reporting intermittent, moderate headache and neck pain and

Patient develops severe headaches, neck
pain, balance & gait disturbance

Mild neck pain and headaches persistent
since surgery slightly worsen

Neck pain and headaches worsen, develops
severe neck stiffness, and sees orthipedic
surgeon, neurologist

Undergoes pinealectomy, chemotherapy, radiation
therapy, and VP shunt placement for pineal
germinoma

Patient continues working and playing tennis with
manageable neck pain and headaches

Chiropractor initiaties multimodal treatments,
patient responds positively

remaining mild to absent

5 years after initial presentation to the chiropractor, the patient has maintained an improved quality of life, with neck pain headaches

Figure 1. Timeline of care. Abbreviations: ventriculoperitoneal (VP).

At age 20, 25 years prior to presenting to the chiropractor, he
developed severe neck pain and headaches, nausea, and diffi-
culty with balance and walking. After extensive testing, he was
diagnosed with a pineal germinoma (Figure 2). At age 21, he
underwent pinealectomy, chemotherapy, and external beam ra-
diation therapy, and had a ventriculoperitoneal shunt implant-
ed to prevent hydrocephalus. Following treatment, there were
abnormalities in his hormone levels suggestive of radiation-
induced hypopituitarism, which required the prescription of
several medications. He was accordingly treated with desmo-
pressin (60 mcg per os), levothyroxine (100 mg per os), and
testosterone undecanoate (40 mg per os). He also had been
prescribed febuxostat (40 mg) for elevated uric acid levels, but
denied a history of gout.

Following the pineal surgery and other treatments, he noted
that his balance and gait returned to normal, and he no lon-
ger had nausea, but had mild residual headaches and neck
pain. These symptoms were not limiting, and he was able to
work and play tennis regularly. He had been followed up with
a yearly appointment by a neurologist since his pinealectomy.

At age 25, 5 years after his pinealectomy, he reported a slight
worsening of his symptoms, including neck pain and stiffness
and headaches, without specific injury, which persisted at a
mild-to-moderate level for 20 years. Despite this, he was able
to continue working and playing tennis.

Over the 6 months preceding his chiropractic visit, his neck
pain and headaches again worsened without specific injury,
interfered with his sleep quality, and negatively impacted his
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Figure 2. Computed tomography of brain, coronal section
with contrast, 25 years prior to presentation. A
3.2x3.7-centimeter soft-tissue mass lesion with a
central focus of calcification is noted in the pineal
region. The mass bulges into the posterior aspect of
the 3 ventricle, resulting in obstructive hydrocephalus
with moderate-to-severe dilation of the 3™ and lateral
ventricles. The lesion homogenously enhanced with
contrast.
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Figure 3. Anteroposterior cervical spine radiograph. The patient’s
cervical spine is deviated to the right side of the
midline, and a levoconvex cervicothoracic scoliosis is
evident, extending from C4 to T6, measuring 11° (6). A
radiopaque ventriculoperitoneal shunt is also noted on
the patient’s right side (arrowheads).

social and quality of life. He had to stop playing tennis due to
his symptoms. Due to lack of sleep and pain, he also report-
ed difficulty focusing while at work. He had been taking ibu-
profen over the past 3 months without success in managing
his symptoms. The patient was evaluated by an orthopedic
surgeon and neurologist, who had reportedly ruled out major
pathology such as germinoma recurrence and hematoma via
testing, including brain magnetic resonance imaging (MRI),
which was reportedly normal. His primary care provider re-
ferred him for physical therapy, where he underwent rehabil-
itative exercises. These included active bilateral cervical rota-
tion and lateral flexion range of motion exercises, repeated
active cervical retractions, and passive stretching for the upper
trapezius and levator scapulae muscles bilaterally. However,
he had minimal improvement with this care. He had not un-
dergone acupuncture. His primary care provider then referred
him to the chiropractor.

Clinical Findings

Upon initial evaluation by the chiropractor, the patient was
tall and had an athletic build, and had a guarded neck posture
with an elevated left shoulder. Muscle spasm was evident in
the paraspinal and cervicothoracic muscles, more prominent-
ly on the right side. His cervical range of motion was limited,
with pain at 10° passive extension (normal >50°) and restrict-
ed at 40° of bilateral passive rotation (normal >80°) [21,22].
Tenderness and trigger points were identified at the right up-
per trapezius and sternocleidomastoid muscles. Segmental
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Figure 4. Lateral cervical spine radiograph. The cervical lordosis
is visibly reduced (straightened cervical curve), and
there is mild disc space narrowing at C5-6 (arrow).
The ventriculoperitoneal shunt is also evident
(arrowheads).

joint motion as assessed by motion palpation revealed re-
striction and tenderness at the C1/2, C5/6, C7/T1, T1/2, and
T5/6 spinal levels. A neurologic examination, including cranial
nerve testing, sensation, strength, muscle stretch reflexes, and
Romberg’s balance test, showed no abnormalities.

The chiropractor’s differential diagnosis for neck pain included
radiation fibrosis syndrome and cervical facet syndrome, while
a differential for his headache included cervicogenic headache
in relation to his potential cervical radiation fibrosis or occip-
ital neuralgia. More serious intracranial pathology had been
recently ruled out by neurology and orthopedics and a nor-
mal brain MRI. Symptoms related to the patient’s ventriculo-
peritoneal shunt could also be considered. However, he did
not display chest wall pain along the shunt pathway [8], nor
did he demonstrate signs of hypersensitivity to the shunt such
as pruritus [15]. Given the patient’s complex medical histo-
ry, and severely limited range of motion, the chiropractor ob-
tained cervical radiographs performed that week.

Radiographs demonstrated a reduced cervical lordosis, mild-
to-moderate intervertebral disc space narrowing at C5/C6
with marginal osteophytes, and scoliosis (Figures 3, 4). The
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Figure 5. Cervical spine manipulation demonstration. The
chiropractor contacts the left articular pillar of the
cervical articulations (C5 shown), preloads the spine by
ipsilaterally laterally flexing and contralaterally rotating
the cervical spine, then provides a brief, high-velocity,
low-amplitude thrust in a vector oriented lateral to
medial and posterior to anterior (arrow). Additional
manipulations were performed in the current case at
the cervicothoracic junction and thoracic spine (not
shown).

visualized portion of the ventriculoperitoneal shunt was in-
tact. The clinical working diagnosis was cervical zygapophy-
seal joint pain (facet syndrome) with underlying radiation fi-
brosis. While the exact parameters of the patient’s radiation
therapy were unavailable, he matched the typical pattern for
radiation-induced fibrosis with a history of ionizing beam ra-
diation, and progressive worsening of symptoms and loss of
range of motion over the years following radiation [14]. As he
was skeletally mature, his chief concern was neck pain and
headaches, and as there was no obvious rib hump on forward
bending, further full-spine radiography was deemed unneces-
sary at the time.

Given the postural findings, limited range of motion, and pres-
ence of neck pain, spinal manipulation was recommended.
While there is little research or guidance on the use of spinal
manipulation in patients with ventriculoperitoneal shunts, this
was generally considered safe as the shunt is not directly at-
tached to the spine. The patient consented to a trial of care,
which initially began with 3 visits per week.

Multimodal chiropractic treatments consisted of spinal ma-
nipulation of the restricted segments identified on exami-
nation in the cervical, cervicothoracic, and thoracic regions,
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Figure 6. Instrument-assisted soft-tissue manipulation. The
chiropractor applies a thin layer of emollient and gently
strokes a massage tool with a beveled edge against
the targeted muscle groups (arrows). Treatment of the
upper trapezius is shown.

using high-velocity, low-amplitude manual diversified tech-
nique (Figure 5). Thermal ultrasound therapy and instrument-
assisted soft-tissue manipulation (Figure 6) were also admin-
istered to alleviate neck muscle tightness and restore mobility.
The chiropractor advised the patient to perform neck stretch-
es at home, 3 times per day, including lateral flexion with and
without rotation for 10 seconds each, to target the upper tra-
pezius and levator scapulae muscles bilaterally. The chiroprac-
tor also advised the patient to attend a yoga class, which he
did regularly for 6 months.

The patient reported that his pain lessened from the second
week onward, reaching a mild to absent level within 4 weeks.
However, his neck stiffness was improving slowly. Treatment
sessions were continued at a frequency of 3 visits per week
for a duration of 3 months as the patient experienced benefits
from the therapies provided yet was still limited by neck stiff-
ness and recurrences of pain. By the end of the third month,
he consistently reported his neck pain remained absent follow-
ing care, and his WHOQOL score had improved to 96%. At this
time, his neck range of motion had improved to 20° of passive
extension and 50° of passive rotation bilaterally.

The patient was subsequently under chiropractic care with
monthly appointments. His neck pain and headache symp-
toms remained mild to absent through the follow-up period
of 5 years. From 1- to 5-years follow-up, his WHO-QOL scores
were maintained at an improved level and ranged from 90% to
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96%. The patient occasionally would have gaps in care when
he felt better, then return for appointments when his symp-
toms returned. At 5-year follow-up, his cervical range of mo-
tion had continued to improve to 30° passive extension and
50° passive rotation bilaterally, neither of which provoked pain.
There were no adverse events in relation to the therapies pro-
vided. The patient gave written consent for the publication of
this case report and any accompanying images.

Discussion

This case illustrates a male patient with chronic headaches,
neck pain, and severe neck stiffness that had persisted at a
mild level after pineal tumor surgery, chemotherapy, radiation
therapy, and ventriculoperitoneal shunt placement, then pro-
gressively worsened. As serious pathology had been ruled out
by previous investigations, the chiropractor recommended a
multimodal approach, including soft-tissue and spinal manip-
ulation, stretches, and yoga. The patient responded positive-
ly, and his pain levels reduced quickly while his range of mo-
tion recovered more slowly.

Although animal studies have suggested that pinealectomy ac-
celerates disc degeneration and increases the risk of scoliosis
[4,5], it is unclear if these mechanisms were directly involved
in the patient’s clinical presentation. He had degenerative
disc changes at C5-6, which is common among individuals in
their 40s [23], and thus not necessarily due to the pinealecto-
my or a direct cause of symptoms. However, he did have sco-
liosis, which is less common among males (prevalence of 6%
[24]), and could potentially be related to his previous germi-
noma and pinealectomy.

Post-radiation fibrosis is another mechanism for neck pain and
stiffness that occurs in patients who have undergone head
or neck radiation therapy and was implicated in the current
case. This condition has been suggested to result from over-
production of collagen fibers in response to radiation damage
[25]. While this diagnosis is more of a clinical one, the patient
did have hallmark findings of severely limited range of mo-
tion (including passive range), which had progressively wors-
ened [14,26]. While the records detailing the patient’s radi-
ation therapy were unavailable, it is likely that the targeted
area also included the cervical spine. The mainstay of treat-
ment for intracranial germinomas has traditionally been cranio-
spinal external beam radiation therapy [27,28], thus including
at least part of the cervical spine. Post-radiation fibrosis oc-
curs in about one-third of patients who have undergone che-
motherapy and radiation for head and/or neck cancer and is
more common with older radiation therapy techniques [25],
as in the current case.
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Clinically, we suggest the patient had cervical facet syndrome
given his typical features for this condition including mostly
axial pain with some radiation into the cervicothoracic region,
lack of neurological deficits, and limited passive range of mo-
tion [29]. There is limited research describing an association
between cervical facet syndrome and radiation-induced fibro-
sis. However, joint fibrosis, also called arthrofibrosis, is a well-
known sequela of radiation-induced fibrosis [30], and could
explain the patient’s apparent facet syndrome.

Postoperative health-related quality of life has gained impor-
tance as an outcome parameter after brain tumor treatment [3].
However, there is a paucity of data available on quality of life
for patients with pineal region tumors, with the bulk of the ev-
idence based on retrospective studies with limited long-term
follow-up [3]. One recent publication suggested that oncolo-
gists and their allied health teams should routinely monitor
patients who have undergone chemotherapy and radiotherapy
for head and/or neck cancer, and offer relevant rehabilitative
and multimodal therapies to patients in need [31].

Although manual therapies, including spinal manipulation and
myofascial therapy, have been shown to be beneficial for spine-
related disorders and headaches, there is limited research on
their use in survivors of head and/or neck cancer [18,19,32].
However, the effects of these therapies could be useful in pa-
tients with limited cervical spine range of motion and possible
radiation-induced fibrosis, as in the current case. Spinal ma-
nipulation has been hypothesized to break up intra-articular
facet joint adhesions, which restrict mobility [33]. In a recent
study, cervical spine high-velocity low-amplitude manipula-
tion was found to increase cervical spine intervertebral mo-
tion and cause facet joint gapping, as observed via biplane ra-
diography [34]. Instrument-assisted soft-tissue manipulation
has also been suggested to help break down myofascial ad-
hesions and fibrosis [35,36], and has been recommended for
cases of radiation-induced fibrosis [26].

We encourage other authors to report the long-term patient
outcomes, symptoms, and quality of life in pineal tumor sur-
vivors, as well as their response to various treatment regi-
mens. Hopefully, a research database can be built for such
patients so that they can have options to manage recurrent
or persistent pain following tumor treatment. Given the rar-
ity of these tumors, such research could be built at first us-
ing observational study designs, such as case reports, series,
or retrospective chart reviews, before progressing to experi-
mental study designs.

Limitations

As a single case, the current report has limited generalizabili-
ty. The current patient was generally in good health and was
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physically active, which may have improved his prognosis with
such multimodal therapies. Although he had progressively wors-
ened, his improvement could also be attributed to the natural
history of such symptoms and could have resolved without care.
Second, his brain MRI performed preceding chiropractic care was
unavailable upon request. Third, full-spine radiography was not
performed to further evaluate his scoliosis and was deemed to
be clinically unnecessary for his current concern. Fourth, the di-
agnosis of radiation-induced fibrosis was suggested by his pre-
sentation and history but was not objectively confirmed by bi-
opsy. Fifth, it is not clear which therapy helped the patient the
most, or if it was a combination of manual therapies, stretches,
and yoga. Also, the patient had previously undergone physical
therapy without much success, but it is possible that ongoing
physical therapy could have afforded him more relief.

Conclusions

This case report describes the effectiveness of multimodal
chiropractic treatments in alleviating chronic neck pain and
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stiffness and headaches in a patient with chronic symptoms
following pinealectomy, chemotherapy, radiation therapy, and
ventriculoperitoneal shunt placement. Further research is need-
ed to better characterize the long-term symptoms and treat-
ment options for patients experiencing neck pain and head-
aches after treatment for pineal tumors. Despite the apparent
success in the current case, our findings should be interpreted
with caution, and patients with similar symptoms should dis-
cuss the appropriateness of such multimodal therapies with
their providers on a case-by-case basis.
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