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Purpose: The vascularity, bone mineral density distribution, and histomorphometric data between the
inbred, isogenic Lewis rat and the outbred, nonisogenic Sprague Dawley rat within mandibular distraction
osteogenesis (MDO) were evaluated to allow future researchers to compare the results generated from
these 2 animals. We hypothesized that little difference would be found between the 2 strains within these
metrics.

Materials and Methods: We implemented a comparative study between the Lewis and Sprague Dawley
rat strains within MDO. The sample was composed of 17 male Lewis and 17 male Sprague Dawley rats that
underwent surgical external fixation and distraction. The rats’ hemimandibles were distracted to a total
distance of 5.1 mm. After 28 days of consolidation, 9 rats from each group underwent bone mineral density
distribution analysis. The remaining rats from each group were analyzed for the vascular and histologic

metrics. Descriptive and bivariate statistics were computed, and the P value was set at .05.

Results: We demonstrated successful MDO in all the rats, with no significant difference found in the his-
tologic or bone mineral density distribution metrics. No significant differences were found in any of the
vascular metrics, with the exception of vascular separation, which was not normalized to the mandibular

volume (P = .048).

Conclusions: The results of the present study have demonstrated that little dissimilarity exists between
the isogenic Lewis and outbred Sprague Dawley models of MDO. Thus, researchers can confidently
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2 COMPARISON OF VARIOUS METRICS IN MURINE MODELS OF MDO

compare the gross results between the 2 strains, with consideration of the very small differences between
the 2 models. For studies that require an isogenic strain, the Lewis rat is an apt surrogate for the Sprague

Dawley strain.

© 2016 American Association of Oral and Maxillofacial Surgeons

J Oral Maxillofac Surg R:1-11, 2016

Mandibular defects can arise from a wide array of
congenital and acquired conditions, such as
Treacher-Collins syndrome, osteoradionecrosis,
benign and malignant neoplasms, and bone loss sec-
ondary to trauma.'” Reconstruction of these
deficiencies has been most often accomplished using
bone grafting and free tissue transfer with rigid
fixation.” However, this approach has considerable
shortcomings. This onerous operation places the pa-
tient at risk of substantial donor site morbidity.”
Furthermore, rigid fixation is especially precarious in
the pediatric population owing to the potential injury
to developing dentition and the possible migration of
fixation hardware in the immature mandible.” Finally,
bone grafts have been associated with relapse and re-
operation in part because of the physiologic forces
of mastication that impart a significant amount of
strain on the graft." As such, it benefits the reconstruc-
tive surgeon to be armed with alternative techniques
that can be used to evade these challenges.

Distraction osteogenesis (DO) is a powerful opera-
tive modality in which regenerate bone is created
through the gradual separation of opposing osteogenic
fronts. Although originally developed as a bone-
lengthening procedure, reconstructive surgeons
routinely use DO for a broad range of conditions,
including hemifacial microsomia, maxillary hypopla-
sia, craniosynostosis, and conditions requiring alveolar
ridge augmentation.”'? Mandibular DO (MDO)
possesses an advantage over free tissue transfer in
mandibular reconstruction in that it avoids donor
site morbidity by generating bone and soft tissue
from the local endogenous substrate. Despite its
strong reconstructive potential, the procedure has
several drawbacks. The length of time required for
the distracted bone to consolidate has been a
limiting factor for its widespread use.'' Additionally,
the diminution of the local regenerative milieu im-
parted by radiation has precluded the widespread
use of MDO within patients with head and neck
cancer who have mandibular defects secondary to
tumor extirpation.'>'? Given its potency as a
reconstructive modality, much can be gained from
optimizing the procedure within the laboratory
setting to address these limitations.

Our laboratory has tremendous experience investi-
gating MDO, having developed a novel murine model
more than a decade ago.” We investigated several
therapeutic interventions that markedly improved

MDO within this model. Specifically, our laboratory
has demonstrated the cytoprotective effects of amifos-
tine within the distracted, irradiated mandible.'®
Additionally, we have shown that the vasculogenic
effects of deferoxamine bolster healing within the
distracted mandible shortens the consolidation
period substantially.'®'”  Until recently, these
studies were conducted solely in the outbred
Sprague Dawley rat strain. Our laboratory has since
investigated mesenchymal stem cell implantation to
augment healing within MDO.'® For studies using
stem cell therapy, the use of an outbred strain is subop-
timal. A host-versus-graft immune response would
almost certainly occur at the site of implantation if
an allograft were to be used within an outbred strain.
Although an allograft could be used in immunocom-
promised rats, such as athymic strains, infection is a
major concern with any surgical procedure. Also, the
inflammatory pathways, extensively involved in bone
healing and regeneration, are altered in athymic
rats.'”?" An alternative approach would be to use an
autologous stem cell transfer. However, this can be
technically impractical in small animal models,
because it is often extremely challenging to attain a
sufficient volume of bone marrow without
subjecting the rat to substantial morbidity. Therefore,
an immunocompetent, isogenic strain of rat large
enough to undergo an arduous surgery and also
allow for the seamless procurement and transfer of
tissue would provide an ideal experimental animal
model to deftly investigate the utility of stem cells to
enhance MDO. The inbred Lewis strain was chosen
by our laboratory as the best isogenic option,
because it is the largest and fastest growing of any
available isogenic rat strain.

Studies undertaken within the Lewis strain have
provided substantial evidence that stem cell therapy
can enhance MDO.?* The implantation of stem cells
improves the bony union rates and the vascular, radio-
morphometric, and biomechanical strength metrics in
the distracted, irradiated Lewis mandible.”>*?
Although the power of stem cell therapy in MDO is
clear, these studies cannot be reliably compared with
studies undertaken using the Sprague Dawley rat
until it has been established that MDO progresses
similarly within these 2 strains. Although a previous
study demonstrated substantial similarity between
the 2 strains within radiomorphometric and
biomechanical response parameters after MDO, no
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