lonizing radiation from ex vivo sterilization diminishes
collagen integrity and vertebral body mechanics
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BACKGROUND RESULTS
* Clinical exposure to Ionizing radiation e« Collagen crosslinks (AGEs) increased significantly for all irradiated groups (p<0.0001), but
could put cancer radiotherapy* or bone these groups were not significantly different from one another (p>0.05; Fig. 2A).
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;!1%%?: patients at an increased risk of In contrast, the radiation effects on collagen chain MW distribution and monotonic strength
were only evident for the doses of 17,000 and 35,000 Gy. At those doses, the amount of
 In these applications, ionizing radiation nominal size collagen chains (~150kDa) decreased, indicating a rise in collagen fragmentation
levels can range from accumulative 50 (Fig. 2C,D), and the monotonic strength decreased by 50—67% (p<0.0001, Fig. 2B).
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: Fig. 2. (A) Crosslinks: Relative amount of AGEs versus radiation dose. (B) Strength: Vertebral strength versus radiation dose. (C)
bodies. Fragmentation (gel): Exemplary bioanalyzer gel of collagen from demineralized, pepsin-digested murine bone; collagen MW versus dose.

Collagen 217,000 Gy had a less dense band at ~150 kDa and smearing at lower MWs, indicative of fragmentation. (D) Fragmentation
M ETHODS (electropherogram): Amount of collagen (FU) versus MW for control and 17,000 Gy. Error bars = 95% confidence intervals. ANOVA with

: : Tukey-Kramer post-hoc, p<.05. Groups with the same lower case letters are not significantly different from one another.
Experimental Design

* Lumbar vertebrae (L3, L4, S1) from 20-week DISCUSSION
old female C57BL/6 mice
* Five dose groups, n=9/group

* Irreversible mechanical degradation
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 Crosslinks (AGES): contrast, the increase In crosslinks Fig. 3: Trend of normalized vertebral ultimate strength (control: 38.9 + 3.5 N), relative

o Total fluorescence? (S1) occurs for all irradiated SpeCimenS, amount of fluorescent crosslinks (AGEs; control: 42.2 + 2.2 ng quinine/mg collagen),

_ . and does not independentl and nominal length collagen chains (~150 kDa) unbroken by radiation (FU; control:

0 Outcome: Relative amount of AGEs (ng o _ P _ y 460.1 + 70.9 FU), versus radiation dose. Data are shown as least-square means
guinine/mg collagen) coincide with mechanical  normalized respective 0 Gy control. Error bars = 95% confidence intervals. ANOVA

o Fragmentation' degradation (Fig 3) with Dunnett’s post-hoc, p<.05. * represents p<.0001 for vertebral ultimate strength;

T represents p<.0001 for AGEs; I represents p=.0009 for FU.

o Automated electrophoresis (L3)

o Outcome: Collagen  molecular _weigh
(MW) distribution via  gel and
electropherogram (MW in kDa; amount of

protein at given MW In fluorescence unit,

 These findings raise questions regarding the mechanical integrity of bone allografts sterilized
above 17,000 Gy due to fragmentation of collagen.

-U)  In order to maintain strength following sterilization, allografts should be sterilized at a dose
IV. Mechanical Characterization below 17,000 Gy whenever possible, or safeguarded with a radioprotectant that counters the
» Monotonic compression to failure (L4) effects of collagen fragmentation’.
 Outcome: vertebral strength (maximum force
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