
 

Spines exposed to single radiation dose more
prone to breaks than if therapy is spread out
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Photograph showing rabbit vertebrae processed for biochemical testing in a
recent Johns Hopkins Medicine study. The study researchers treated the samples
with high-dose radiation in single and multiple sessions to explore the effects of
radiation therapy on spinal bone structure, cell conditions and the mechanics of
fracture. Credit: A. Perdomo-Pantoja, Johns Hopkins Medicine

In an animal study published Oct. 1, 2021, in the International Journal of
Radiation Oncology, Biology and Physics, Johns Hopkins Medicine
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researchers have provided evidence that treating spinal tumors with
"fractionated" radiation therapy—doses given in a series of sessions
rather than a single treatment—helps prevent vertebral compression
fractures.

Timothy Witham, M.D., director of the Johns Hopkins Medicine Spinal
Fusion Laboratory; Alexander Perdomo-Pantoja, M.D., a postdoctoral
fellow at the Johns Hopkins University School of Medicine; and
Christina Holmes, Ph.D., a former Johns Hopkins Medicine postdoctoral
fellow who is now at Florida State University, worked together with
colleagues on this research to explore the effects of radiation therapy on
spinal bone structure.

"Radiation and tumors can weaken the bones in the spine," says Witham.
"When bones fracture, it can further complicate care and quality of life
for patients, so we wanted to find the ideal way of delivering radiation to
attack the tumor while minimizing the effects on bone strength and
quality."

The team looked at two ways to deliver radiation in rabbit models. One
group of rabbits received a single radiation dose of 24 Gray (Gy—a
typical chest X-ray is 1/10,000 of a Gy), while a second group had the
total treatment spread out over three 8 Gy doses. A control group of
rabbits received no radiation.

Next, the researchers analyzed the microstructure and morphology of the
bones in the irradiated areas, tested the spinal biomechanics (stiffness
and fracture load) of the exposed vertebrae and examined the bone
cellular features from those sites.

Based on their findings, Witham and his colleagues concluded that bone
is less impacted if high-dose radiation treatment is broken up into
fractions rather than administered in a single dose.
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"The beauty of this model is that we can look at the three-dimensional
structure of the bone to measure its quality, its density and the
interconnectedness of its structure," says Holmes.

"This model was specifically designed to better understand how localized
radiation leads to vertebral changes that ultimately cause fractures in
patients," says Perdomo-Pantoja. "Our team found bone samples
receiving a single high dose of radiation broke easier than ones given
smaller doses in separate sessions, which correlated with the
microstructural and cellular damage we observed in that group."

The researchers next plan to study the timeline of bone fractures during
radiation to better understand how and why they occur. They say that
insight will enable them to start considering preventive therapies.

"When we make a discovery in the lab and try to make it have a direct
impact on patient care, it can take a long time," says Witham. "Our
current project took a few years, but the results are directly clinically
translatable. Based on this study, we can immediately recommend that
oncologists use fractioned radiation dosage in their practices and
hopefully, prevent further suffering."

  More information: Alexander Perdomo-Pantoja et al, Effects of
Single-Dose Versus Hypofractionated Focused Radiation on Vertebral
Body Structure and Biomechanical Integrity: Development of a Rabbit
Radiation-Induced Vertebral Compression Fracture Model, International
Journal of Radiation Oncology, Biology and Physics (2021). DOI:
10.1016/j.ijrobp.2021.04.050
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