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15-year-old female wrestler and soccer player complained of headaches beginning 
November 2018 that occurred 3-4 times a week. The patient had no previous history of health 
conditions or musculoskeletal injuries. During the initial evaluation, the athletic trainer found no 
etiology for reported symptoms and treated the symptoms as migraines. In January, headaches 
increased to every day. The patient began to describe signs and symptoms of depression and was 
treated by her pediatrician. The differential diagnoses included chronic migraines, brain tumor, 
depression, and Chiari Malformation. The patient was diagnosed with Chiari Malformation (CM) 
stage 1 from Cine flow-MRI findings of the cerebellar tonsils herniating in the foramen magnum 
by more than 5mm, blocking CSF into the brainstem. The neurosurgeon performed a posterior 
fossa decompression removing parts of suboccipital bone and C1 vertebrae replacing with a 
derma patch relieving the tonsillar compression. The CM anomaly leads to obstruction of the 
CSF into the foramen magnum and the brainstem. Often the bones of the posterior side of the 
skull are underdeveloped and could lead to decreased volume of the cerebellum making the 
cerebellar tonsils protrude into the foramen magnum. The CM condition is commonly diagnosed 
unintentionally by ruling out other conditions. 
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Chiari Malformation (CM) is a neurological developmental condition of the cerebellar 

tonsils descending into the foramen magnum of the base of the skull. The tonsillar herniation into 

the foramen magnum is usually detected from MRI imaging where the amount of descending 

tonsillar herniation is measured. CM is divided into 4 categories: I is >5mm of cerebellar tonsil 

herniation and with or without a syringomyelia, II is herniation of the cerebellum into the 

foramen magnum, possible lumbar myelomeningocele, III is Cranio-cervical 

meningoencephalocele, and IV is Cerebellar hypoplasia.1-2,5 
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This anomaly is generally diagnosed within newborns or early adolescent patients. The 

occurrence of this condition is growing through the advancement of diagnostic testing and 

imaging. This neurological condition is seen in MRI’s at a prevalence of 0.56 to 0.75%.2  

Clinical symptoms of the condition vary from each patient and the degree of tonsillar 

herniation. Many symptoms are headache, migraine, transient cough headaches, headache with 

forward flexion, headaches with exercise, and headaches localized in the posterior aspect of the 

skull. Other symptoms are sleep apnea, airway abnormalities, balance and gait deficiencies, and 

Nystagmus (citation). Even though a patient could be experiencing differing symptoms, the 

symptoms can vary from each degree of herniation. 

The neurological condition is found utilizing diagnostic imaging from MRI, CT scan, 

cine-flow MRI, and X-Ray’s. Through the imaging, the degree of CM can be assessed with the 

amount of tonsillar herniation into the foramen magnum. The focus of using diagnostic imaging 

is to assess the flow of spinal fluid from the skull in the cervical region. The therapeutic 

intervention for this condition is surgical posterior decompression of the cervical vertebrae and 

suboccipital bone in the skull. In Bezuidenhout’s study, the 1,242 participants included in the 

study 993 (79.95%) experienced general improvements in signs and symptoms.2 

Patient Background 

A 15-year-old high school female wrestling and soccer athlete had been competing in the 

fall season of 2018 when reported repetitive headaches. The athlete reported no previous 

musculoskeletal injuries or behavioral conditions on her Pre-Participation Examination (PPE). 

The athlete began to experience headaches during the first week of November 2018 that occurred 

three to four times in a week. The Athletic Trainer (AT) performed the initial injury evaluation 
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finding no etiology for the headaches. The management of headaches were taking over the 

counter Tylenol® for symptomatic relief. The AT had an initial differential diagnosis of 

migraines, brain tumor, and depression following her initial injury evaluation. Symptoms 

progressed to increase in severity and frequency in January 2019 when the patient started to have 

headaches every day. The patient also diagnosed with sleep apnea during this time.  

The patient began to describe signs and symptoms of depression and visited her 

pediatrician who prescribed Escitalopram (Lexapro) and Sertraline (Zoloft) to lessen depression 

symptoms. The patient was removed from athletic participation by the AT in April 2019 due to 

lingering and worsening symptoms which affected her ability to participate in sports. The patient 

was referred to a neurologist for further evaluation and medical diagnosis. 

 The initial differential diagnosis from the AT at the patient’s high school included 

chronic migraines, brain tumor, and depression. These were included in the differential diagnosis 

because of the patient indicating to the clinician of these symptoms. Also, the AT had a family 

member with similar symptoms which put a possible brain tumor into the differential diagnosis. 

The neurologist included in the differential diagnosis before diagnostic imaging and testing was 

Chiari Malformation, migraines, and depression. The patient was assessed through the 

neurologist’s clinic and received further testing at helped him come to a medical diagnosis. 

Treatment 

 The referred Neurologist ordered diagnostic imaging for the skull and cervical neck 

regions. The diagnostic tests performed were X-Rays, Magnetic resonance imaging (MRI) of 

cranial and cervical regions, Computed Tomography (CT) scan, and Cine-MRI with and without 

contrast to examine the cerebral spinal fluid (CSF) flow between the two regions. Diagnostic 
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testing and imaging can support the diagnosing process in specifically neurological conditions. A 

brain MRI will examine the cranium structures and cervical spine. Further diagnostic testing and 

imaging for CM is a Cine-MRI test; this assess the CSF flow between the skull and the spinal 

column.2 Cine-MRI will help guide the diagnosing process by examining how much possible 

blockage and other blockages in the spinal column.2,5 

 The MRI revealed a projection of the cerebellar tonsils that protruded into the foramen 

magnum. The protrusion was measured to be 8mm into the craniocervical junction (figure 1). 

Cine-MRI results showed that there was a decreased overall CSF flow in the cervical spine 

region. The posterior portion of the craniocervical junction had more decreased CSF flow than 

the anterior portion. MRI also revealed platybasia which is the abnormal flattening of the base of 

the skull.4 This is diagnosed by measuring the basal angle from two lines: the nasion continuing 

to the center of the pituitary fossa and anterior border of the foramen magnum with the center of 

the pituitary fossa (figure 3).4 

 The referring Neurologist diagnosed the patient with a Chiari 1 Malformation which 

demonstrates a decompression of the cerebellar tonsils into the foramen magnum and cervical 

region. The Neurologist presented a surgical intervention to the patient based on the results from 

the MRI and Cine-MRI. This surgical intervention would require multiple operative procedures 

for the patient to have symptomatic relief. The proposed operative procedure for Chiari 

Malformation is a Suboccipital craniectomy, C1 laminectomy, Duraplasty, and Neurophysiologic 

monitoring. 

 An incision was made from just below the inion to C2 spinous process. The Paraspinous 

muscles were dissected from the suboccipital region as well as C1 lamina. A drill and Kerrison 

rongeur were utilized to perform the suboccipital craniectomy. A laminectomy was performed at 
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C1 and the surgeon opened the dura in a Y-shape. The cerebellar tonsils were seen extending 

down to the C1. CSF flow between the cerebellar tonsils were evaluated and indicated good CSF 

flow. For the duraplasty, a Biodesign dural substitute was used. This technique was done by 

cutting a triangular graft and sewing in a running fashion for suturing. Valsalva maneuver test 

was performed to assess CSF flow, and the test indicated that some CSF was leaking from the 

suture holes of the graft. A lumbar drain was placed to divert the spinal fluid. Fibrin glue and 

Duragen was attached to the graft for reinforcement. The fascial layers of the muscles were 

reapproximated by using simple interrupted suturing, and the superficial fascia was 

reapproximated using inverted interrupted suturing. The patient was taken out of the 3-point head 

fixation and positioned in the right lateral decubitus position where a Tuohy needle was inserted 

into the lumbar subarachnoid space. The neurologist noted that the patient demonstrated 

twitching in her right foot which the surgeon removed the Tuohy needle and applied an adhesive 

strip in the subarachnoid space. Finally, the patient was taken off extubation and relocated to the 

recovery room in stable condition. The patient was discharged four days after surgery.  

The neurologist instructed the patient was not to participate in physical activities and 

cardiovascular exercises. Further instructions were to limit cervical flexion to a small motion and 

no lifting of more than 5lbs. The patient was to be instructed to follow-up with the neurologist in 

the next couple weeks to reexamine the effectiveness of the surgery. The appointment was to 

assess CSF by using the diagnostic imaging Cine-MRI which the neurologist deemed the surgery 

a success. The follow-up appointment instructed the patient to attend to classes only for half of 

the day and to return home to rest. Homework was instructed to be completed in 30-minute 

increments. Unfortunately, the patient is still experiencing headaches and other symptoms; she is 

being treated for pain management until further diagnostic testing can be completed. 
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Uniqueness 

 This case study is defined as a neurological condition affecting neuromuscular control, 

CSF flow within the cervical region and cranium, and could lead to secondary symptoms such as 

Dysarthria, a motor speech disorder disrupting speech quality. The condition is mostly diagnosed 

in newborns and younger adolescents when tests are performed after birth to identify any 

possible conditions the child may have. There is a small increase of the number of cases in 

females than males under 40 years old.2 

CM is often misdiagnosed due to the wide variety of symptoms that depend on the 

severity of the condition. Neurological conditions have intertwining clinical symptoms which 

makes it difficult for clinicians to manage and to provide an early referral to specialists. 

Depending on each case, CM can be misdiagnosed for another neurological condition if 

diagnostic testing and imaging is not done. The importance of an early referral could truly impact 

patients outlook on treatment. Adolescents have a wide range of symptoms from still developing 

and an etiology may not be present.3 It is when symptoms are still occurring beyond the 

projected timeframe that referrals should be considered. CM symptoms are classified as 

headaches that increase with coughing, sneezing, laughing, localized headaches in the posterior 

skull or suboccipital area, generalized headaches, and migraines with and without an aura.2-3,5 All 

CM symptoms are considered for each stage within the condition for diagnosing. Any patients 

who experience these symptoms without a known etiology should be referred to a neurologist for 

diagnostic testing and a medical diagnosis. 

Conclusion 
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• Discussion of how this study is a clinical case that involved surgical intervention 

depending on the patient’s severity of symptoms 

•  Further discussion of CM symptoms and its relevance to the healthcare 

community 

• Review of CM literature with discussion of having more insight in neurological 

condition symptoms and diagnostic tests 
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Figure 1. T1 MRI of patient demonstrating 
Chiari Malformation

 
Figure 2. T2 MRI of patient displaying the 
Platybasia of the cranium 

 

 

Figure 3. MRI indicating the Basal angle for 
detecting platybasia
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