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Abstract

Background: Compression fractures are often associated with lower energy trauma and may occur in the setting
of abnormal bone health associated with genetic disorders and endocrine disorders, neoplastic disease, infection,
and inflammatory disorders. There is no significant series in the literature describing the prevalence or etiology of
pathologic pediatric compression fractures.

Methods: IRB-approved retrospective study was performed at a tertiary children’s hospital from 2012-2022.
Patients <18 years old diagnosed with atraumatic vertebral compression fractures were included and reviewed for
demographics, underlying diagnosis/comorbidity, presentation, mobility, deformities, imaging data, treatments, and
outcomes.

Results: 181 patients (54% Male) were included with mean age 14.17 years and follow-up of 20 months. A
compression fracture was the presenting symptom of an underlying diagnosis in 32% of patients, and 21% of patients
received an MRI to distinguish between metastatic disease and benign fractures. Primary osteoporosis was the cause in
15% and secondary osteoporosis was in 65% of patients; most commonly due to immunosuppressants (46%) and acute
lymphoblastic leukemia (ALL) (10%). Primary lesions were the etiology in 20% of patients. There was a median of 3
fractures per patient, mostly of the midthoracic (82%) and thoracolumbar spine (51%). Radiographs revealed wedge
fractures in 82%, biconcave fractures in 22%, and vertebra plana in 12%. Patients were managed with observation
(46%), bracing (31%), bisphosphonates (31%), and fusions (4%). By last follow-up, there was a higher proportion of
patients who developed scoliosis or became wheelchair-bound. Overall, there was a 16% mortality rate which was
mostly associated with cancer.
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Conclusion: Overall, 32% of patients presented with a compression fracture as the presenting symptom of
an underlying disease. Pathologic vertebral compression fractures in children frequently occurred due to
immunosuppressants, ALL, and metastatic disease. The fractures were most often wedge morphology in the

thoracolumbar and mid-thoracic regions of the spine. MRIs may be useful for distinguishing between benign fractures

and malignancy.
Levels of Evidence: Level IV

Key Concepts

» Pathologic Vertebral Compression Fractures occur commonly in children with primary or secondary osteoporosis or

due to primary site lesions, such as metastases.

» Patients often have multiple fractures about the thoracolumbar and mid-thoracic regions of the spine.

*  Wedge and biconcave fractures were the most common fracture type at presentation and indicated an underlying

disease not previously known in one-third of patients.

* MRI is useful for distinguishing between benign fractures and malignancy as the etiology of the fracture.

Introduction

Pediatric spine fractures are rare in occurrence,
accounting for 1-2% of all pediatric fractures.! Of all
pediatric spine fractures, compression fractures are the
most prevalent.> While the majority of compression
fractures are traumatic, they may also occur in the setting
of abnormal bone health associated with genetic and
endocrine conditions, neoplastic disease, infection, or
inflammatory disorders.!-?

There has been greater emphasis on the recognition and
management of osteoporosis in children over the last
few decades.>* Primary osteoporosis occurs due to an
underlying genetic defect, most commonly Osteogenesis
Imperfecta, but may also be idiopathic.’ Secondary
osteoporosis occurs due to a systemic underlying
condition, like hypercortisolism, acute lymphocytic
leukemia (ALL), or by immobility.> Secondary
osteoporosis also frequently occurs from medications,
like glucocorticoids or chemotherapy, which suppresses
bone turnover.® Children with osteoporosis often present
with recurrent fractures and back pain, and the incidental
finding of a compression fracture may lead to a diagnosis
of osteoporosis.? Pathologic compression fractures

in children may also occur by structural compromise
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through a primary lesion of the vertebral body.
Etiologies such as metastatic disease, Chronic Recurrent
Multifocal Osteomyelitis (CRMO), and Langerhans Cell
Histiocytosis (LCH) frequently present with vertebral

lesions and may even result in vertebra plana.’-1°

Because pediatric vertebral compression fractures may
result in significant height loss, deformities, chronic pain,
and may indicate an underlying pathology, it is important
to recognize and appropriately manage these patients.!!-13
Despite the multifaceted etiology of pathologic pediatric
compression fractures and its effects, to our knowledge,
there has been no significant series in the literature to
describe these patients. Therefore, we aimed to review
the etiologies, fracture characteristics, and outcomes

of children diagnosed with pathologic vertebral

compression fractures.

Methods

After IRB approval, we conducted a retrospective review
of patients diagnosed with a vertebral compression
fracture of the spine by ICD-10 code (M48.5-). Patients
were included if they were diagnosed with a vertebral
compression fracture before age 18 with at least 6 months
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of follow-up. Patients were excluded if their fracture
occurred after age 18, did not meet minimum follow-up,
or if the compression fractures were traumatic etiology.

Patient charts were reviewed for demographic data (age,
follow-up time, gender, BMI), underlying etiology, pain,
neurologic symptoms, mobility (community walker,
home-walker, or wheelchair-bound), and the number

of patients who initially presented with a compression
fracture and were subsequently diagnosed with an
underlying etiology. Outcomes and treatment data

such as management with observation, bracing, fusion,
vertebroplasty, NSAIDs, bisphosphonates, opiate use,
date of death and time from fracture diagnosis to death
were also obtained.

Radiographic and MRI reports were reviewed for
presence of scoliosis or kyphosis, number of fractures,
and location. Fractures were characterized as wedge,
pincer/split, burst, or vertebra plana (Figure 1).'4

Wedge

Biconcave

The indication to distinguish between malignancy

and benign compression fracture were also recorded
from the MRI report or the ordering physician’s plan.
Imaging at last follow-up was evaluated for scoliosis and
kyphosis progression, vertebral height change, and new
compression fractures.

Statistical Analysis

Descriptive data was reported with count and percentage,
mean and standard deviation for parametric data, or
median and range for non-parametric data. The McNemar
test was used to compare the proportion of patients

with pain, neurologic symptoms, mobility, scoliosis,

and kyphosis at last follow-up vs. at presentation; the
odds ratio, 95% confidence interval, and P-value were
reported. Underlying etiology in deceased patients was
compared with the Chi-Square test, and relative risk (RR)
was reported with 95% confidence interval. A P-value of
0.05 was designated as significant.

Crush

Figure 1. Vertebral compression fracture types. Fracture shapes are classified based on whether the anterior
(wedge), middle (biconcave), or posterior (crush) columns was primarily involved.
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Results

Demographics

Of the 502 patients collected, 321 patients were excluded
due to age, low follow-up, or traumatic fracture.
Therefore, this study included 181 patients, 97 males and
84 females, with an average age (SD) of 14 + 7.37 years
and median follow-up of 20 (median: 6-41) months. The
mean BMI was 22.49 + 7.37 kg/m?.

Etiology

In 58 (32%) patients, a compression fracture was the
presenting symptom or radiographic finding of an
underlying diagnosis that was not previously known.
Overall, 15% of patients had primary osteoporosis (Table 1),
and 118 (65%) of patients had secondary osteoporosis,
most commonly due to immunosuppressants (46%) and
ALL (10%). Metastases were present in 19 (10%) of
fractures and were from neuroblastomas (5 patients, 3%),
Ewing Sarcoma (3, 2%), lymphoma (2, 1%), osteosarcoma

Table 1. Vertebral Compression Fracture Etiologies

Etiology Count | %*
Primary Osteoporosis 27 15%
Idiopathic 12 7%
Osteogenesis Imperfecta 12 7%
Other connective tissue disorder 3 2%
Secondary Osteoporosis 118 65%
Acute Lymphoblastic Leukemia 19 10%
Received Immunosuppressants 83 46%
Malabsorption 12 7%
Immobility 4 2%
Primary lesion 36 20%
Neoplasm 33 18%
Metastases 19 10%
Langerhans Cell Histiocytosis 12 7%
Aneurysmal Bone Cyst 1 1%
Fibrous dysplasia 1 1%
CRMO 3 2%

CRMO = Chronic recurrent multifocal osteomyelitis; *n = 181.
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(2, 1%), rhabdomyosarcoma (2, 1%), hepatoblastoma

(1, 0.5%), leiomyosarcoma (1, 0.5%), pineal germinoma
(1, 0.5%), renal medullary carcinoma (1, 0.5%), and
spindle cell carcinoma of the mandible (1, 0.5%). Other
causes of compression fractures included LCH, CRMO, an
aneurysmal bone cyst, and fibrous dysplasia. There were
no compression fractures associated with infection.

Fracture Characteristics

There were 579 fractures, with a median of 3 (range:
1-12) fractures per patient (Figure 2). 148 (82%) patients
had thoracic, 92 (51%) had lumbar, and 8 (4%) had
cervical fractures. L1 (12%), T12 (11%), T8 (8%), L2
(8%), and T6 (7%) were the most common sites of
compression fracture. Radiographs (Table 2) revealed
wedge fractures in 82% of patients, biconcave fractures
in 22%, and vertebra plana in 12%. Eleven (8%) patients
presented with radiographic evidence of scoliosis, and 22
(14%) patients presented with kyphosis. MRI revealed
concurrent lesions or fracture involvement of the epidural
space in 20%, retropulsion in 18%, and disc herniation
in 6%. MRI was also ordered in 21% of patients to
specifically distinguish between metastatic disease and
benign compression fracture. At last follow-up, imaging
revealed an additional compression fracture in 15% of
patients and vertebral body height improvement in 29%.
Patients with secondary osteoporosis (RR: 2.6; 95% CI:
1.9-3.5; P<0.001), metastases (RR: 5.3; CI: 2.2-15.4;
P<0.001), and LCH (RR: 3; CI: 1.2-8.7; P=0.04) were
less likely to vertebral height improvement.

Outcomes

Patients were managed with observation (46%), bracing
(31%), or bisphosphonates (31%). Overall, 8 (4%)

of patients required surgical intervention: 5 required
posterior spinal fusions to stabilize their hyperkyphosis
or scoliosis, and 3 required anterior cervical discectomy
and interbody fusion (ACDF) due to primary lesions
causing vertebra plana, hyperkyphosis, and spinal cord
compression. Patients were treated with NSAIDs (56%),
and 30% received opioids. At diagnosis, 58% patients
reported back pain, and 14% of patients had neurologic
symptoms: 9% had lower extremity weakness, 6% had
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Figure 2. Total count of pathologic compression fractures per spinal level in 181 patients.

loss of sensation, and 3% had incontinence. Between
primary osteoporosis, secondary osteoporosis, and
primary lesions, no etiology had a relatively greater

risk of having pain, scoliosis, kyphosis, or becoming
wheelchair-bound. Compared to the proportion of
patients at presentation, at last follow-up there were
significantly less patients with pain (38% vs. 19%; OR
8.9; CI 4.4-20; P<.001) and kyphosis (12% vs. 8%;

OR 3.4; CI 1.4-9.4; P=.003). However, more patients
developed scoliosis (8% vs. 12%; OR 0.375; CI 0.12-.99;
P=.03) or were limited to a wheelchair (7% vs. 15%; OR
0.16; CI 0.03-0.54; P<.001). Overall, 29 (16%) patients
were deceased at the time of data collection after a mean
31.4 months (range: 2.6-108 months). Of the deceased
patients, 19 had cancer (RR: 1.9; CI: 1.1-3.4, P=.034), 2
had Duchenne Muscular Dystrophy (DMD), 2 had cystic
fibrosis, and 6 had various genetic disorders.

Discussion

This retrospective study described the clinical and
fracture characteristics, etiologies, and outcomes of 181

Copyright © 2023 JPOSNA®

patients with pathologic vertebral compression fractures
(Figure 3). Secondary osteoporosis was the most
common etiology of compression fracture. Fractures
were diagnosed through a combination of radiographs
and MRI and were mostly wedge or biconcave fractures
involving the thoracolumbar junction. By last follow-up,
patients had better pain control but worsened mobility
and scoliosis. Patients were predominantly managed
medically, and the mortality rate of our cohort was 16%
(29 patients), which was highly associated with cancer
(P=.034).

Immunosuppressants or ALL were the leading cause
of secondary osteoporotic fractures in a combined
65% of our cohort. Prior to diagnosis, 46% of our
cohort received immunosuppressants, whereas only
7% and 2% were associated with malabsorption and
immobility, respectively. While prolonged or high dose
immunosuppressants are the most common etiology

of osteoporosis in patients with cancer, ALL is also a
unique independent cause of osteoporotic fractures in
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Table 2. Imaging Findings

Finding Count | %

Radiograph 158 87%*
Wedge 129 82%
Biconcave 35 22%
Crush 18 11%
Vertebra Plana 19 12%
Osteoporosis/Osteopenia 67 42%
Osteolysis 21 13%
Sclerosis 20 13%
Kyphosis 22 14%
Scoliosis 11 8%

MRI 76 42%%*
Wedge 60 79%
Biconcave 43 57%
Crush 14 18%
Lesions involving Epidural Space | 15 20%
Retropulsion 14 18%
Disc Herniation 6 8%

MRI = Magnetic Resonance Imaging; LCH = Langerhans

Histiocytosis, *n = 181; Subcategories of Radiograph n=158;

MRI, n=76.

children.!3-!® Osteoclast-activating cytokines released
from leukemic cells cause cortical thinning, endosteal
resorption, and ultimately osteoporosis.>!®1° Alos

et al. found a fracture prevalence of 16% (n=155)
among newly diagnosed ALL patients,'® and 10% of
patients in our cohort presented with a compression
fracture secondary to ALL. Because of the association
between vertebral compression fractures and chronic
immunosuppression or ALL, monitoring of bone health
and vertebral fractures should be part of a standard
follow-up evaluation for these at-risk patients.

Primary lesions cause compression fractures under
normal physiologic stress by destabilizing a portion
of the vertebral body?*?! and were associated with
18% of patients. Metastatic disease was shown to be
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associated with compression fractures, as Sinha et al.
found pathologic fractures in 4 of 20 (20%) children with
metastases.'? Spinal metastases were present in 10% of
children with compression fractures and has previously
been reported to be associated with 39% of all bony
metastases by Baker et al.?> Primary lesions causing
compression fractures from rare diseases CRMO and
LCH were also present in 9% of our cohort. Though very
different in pathophysiology and clinical presentation,
these diseases may cause multifocal osteolytic lesions

of vertebral bodies and vertebra plana.”-?3 Because
metastatic lesions, CRMO, and LCH risk being
misdiagnosed as benign osteoporotic fractures,®1°
close serial monitoring via MRI or bone biopsy should
be performed to confirm their diagnosis. Appropriate
referral to rheumatologists for CRMO and oncologists
for metastatic disease or LCH, is crucial to prevent

further spinal deterioration.'”

As the diagnosis of osteoporosis in children can be made
by the presence of one or more vertebral compression
fractures in the absence of local disease or trauma,” it is
important they are efficiently characterized. Similar to
Halton et al., our cohort’s fractures were distributed about
the thoraco-lumbar junction and mid-thoracic region.!®
Compressive forces are maximized around these areas
because the mid-thoracic region is where the thoracic
curve is the greatest in the sagittal plane, and the thoraco-
lumbar junction is where the spine transitions from being
fixed to ribs.?* A lateral spine radiograph is the first line
imaging study for evaluating for compression fractures.
Wedge and biconcave fractures were the most common
presentation of fractures, whereas adults presented most
frequently with wedge and crush fractures.>* MRIs

were also useful for discriminating between metastatic
lesions and benign compression fractures, as this was the
indication for ordering an MRI for 21% of patients in our
cohort. MRIs were able to show local consequences of
the fracture through retropulsion, herniation, or epidural
involvement. Lateral spine imaging and MRIs proved to
be useful imaging modalities for monitoring and detect
compression fractures in children at risk of poor bone
health.
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Figure 3. A) Lateral spinal radiograph of a 13-year-old male patient with marked
osteopenia due to chemotherapy, loss of vertebral body heights due to wedge and biconcave
compression fractures involving the near-entire thoracic and lumbar spine, and significant
thoracic kyphosis. B) The same patient 4 years later after zoledronic acid and bracing
treatments. Endplate sclerosis and multiple biconcave compression deformities still exist,
though vertebral height and thoracic kyphosis have significantly improved.

Compression fractures of the vertebrae may initially

be painless as only 58% of our cohort initially reported
back pain, which was similar to Halton et al. (55%).!®
Conversely, 32% of patients presented for chronic

back pain due to a previously unknown pathologic
compression fracture and were subsequently diagnosed
with an underlying etiology. By the last follow-up, pain
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was significantly decreased as the fractures healed and
the underlying illness was treated. However, there were
also more patients wheelchair-bound or who developed
scoliosis. It is difficult to distinguish between the
pathologic fracture and underlying disease as the primary
reason for the loss of mobility in patients, though
multiple contiguous compression fractures are associated
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with scoliosis development by destabilizing the structural
integrity of the vertebral body, disposing the spine to

a coronal or sagittal curvature. Because pathologic
fractures are often asymptomatic at presentation,

may indicate an underlying disease, and can result in

worsening mobility and deformity,'®23

protocols that
emphasize a lower threshold for obtaining spinal imaging
should be considered to prevent worse outcomes and

diagnose underlying disease.

Many of our patients were managed conservatively

with observation or bracing, though 4% required

fusions for sequelae of their vertebral fracture, namely
hyperkyphosis secondary to vertebra plana. Surgical
interventions for pediatric pathologic vertebral fractures
have not been reported on, though Lastikka et al. reported
a 33% complication rate and 11% revision risk in
children receiving cervical fusions for skeletal dysplasia
or trauma,?’ whereas Erfani et al. found favorable
functional outcomes in pediatric patients receiving spinal
fusion for traumatic vertebral fractures.?® Furthermore,
although AAOS strongly recommended against
vertebroplasty in 2017 for adults with osteoporotic
compression fractures,?” vertebroplasty has been shown
to at least be a viable palliative treatment option in
children.3%-32 Although no outcome or comparison

data is available in children with pathologic vertebral
compression fractures, our practice strongly recommends
bracing children at risk of progressive severe scoliosis or
kyphosis, frequent follow-up, and appropriate operations
in select patients who fail conservative management.

There are insufficient studies on the effect of long-
term bisphosphonate use in pediatrics, though short-
term bisphosphonates appear to improve bone density
and pain management in children with osteoporotic
fractures.’*3* Multicenter randomized control

trials of bisphosphonate use with chemotherapy for
osteosarcomas may lead to a standard protocol for
these patients (French OS2006- NTC00470223). In
our study, 16% of patients were deceased after a mean
31.4 months, primarily due to metastatic disease or
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leukemia. While compression fractures are associated
with a mortality risk in the geriatric population,® the
influence of pathologic vertebral fractures on mortality
in children is currently unknown. Research into pediatric
pathologic compression fracture prevention, treatment,
interventions, and influence on mortality should be
pursued to gauge risk and potentially improve outcomes.

This study is not without limitations. Our series did not
report on patient-reported outcomes, so we are limited
to outcomes from the last follow-up visit. Like all
retrospective series, our study is prone to measurement
bias which was avoided through multiple chart
reviewers. Despite these limitations, our study identifies
the etiologies, imaging characteristics, and outcomes

of pathologic vertebral compression fractures. Greater
emphasis on management of vertebral fractures should
be taken to prevent deformity, evaluate for neoplasia, and
limit mortality.

Conclusion

Pathologic vertebral compression fractures in children
frequently occur due to immunosuppressants, ALL,
metastatic disease, CRMO, and LCH. Wedge and
biconcave fractures in the thoracolumbar and mid-
thoracic regions of the spine were most common. As
32% of patients presented with a compression fracture
as the presenting symptom or radiographic finding of
an underlying disease not previously known, MRIs may
be useful for distinguishing between benign fractures
and malignancy. Future research on the mortality risk,
prevention, treatment, and surgical interventions for
pathologic fractures should be pursued to aid these
patients.

Additional Links
*  POSNA Study Guide: Thoracolumbar Spine Fractures

*  POSNA Study Guide: Osteogenesis Imperfecta
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