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SUMMARY

The Comparison of Bone Wax and Chitosan Usage as Hemostatic Material
on Post-Sternotomy Bone Healing in New Zealand White Rabbit
(Oryctolagus cuniculus)

Thsanul Amal

Sternotomy is a standard approach performed on almost every surgical
procedure on the heart and mediastinum. Bleeding will occur after the sternum
divides due to discontinuity of blood vessels from the Haversian system in the
sternum cortex. Effective hemostasis of the sternum is needed to keep the
operative field dry, avoid excessive blood transfusions during surgery, and
prevent reoperation due to massive post-operative bleeding which can further
increase morbidity and mortality in patients. The most commonly used hemostatic
materials after sternotomy is a bone wax. As a mechanical hemostat, bone wax
will inhibit blood flow from damaged vessels in the bone trabeculae and facilitate
the formation of blood clots. However, due to its inability to be absorbed, the
presence of bone wax between bone fragments has been shown to affect bone
healing, trigger chronic inflammatory reactions, and increase infection rates
(Vestergaard et al., 2010; Wellisz et al., 2012).

On the other hand, chitosan which is one of the most abundant
biopolymers in nature, has the ability of intrinsic hemostat which is achieved
through three mechanisms namely plasma absorption, erythrocyte coagulation,
also adhesion, aggregation, and platelet activation (Pogorielov et al., 2015). With
biocompatible, biodegradable, anti-microbial, and pro-regenerative properties, it is
hypothesized that the use of chitosan as hemostatic material can improve bone
healing after sternotomy.

From in vivo studies on 32 New Zealand White rabbits, the result showed
that the use of chitosan as hemostatic material can increase bone healing after
sternotomy as evidenced by the number of total healing (narrow gap and parallel
bones) significantly higher ( p-value: 0.033), the number of foreign body giant
cells is significantly lower (p-value: 0.036), and the number of osteoblasts is
significantly higher (p-value: <0.0001) compared to the group of experimental
animals that use bone wax. These results correspond with several previous studies
which revealed that the presence of bone wax on the bone can cause foreign body
giant cells formation and inflammation in the surrounding tissue, which in turn
can lead to granuloma tissue and fibrotic reaction that would interfere with the
activity of osteoblasts thereby inhibiting the process of osteosynthesis (Alhan et
al., 2014; Tavsaloglu et al., 2013; Wellisz et al., 2012).

The results of this study are also strengthened by evidence that chitosan

could trigger regeneration through stimulation of cell proliferation, tissue
formation, and increase macrophage function, trigger the differentiation of
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mesenchymal progenitor cells into osteoblasts, stimulate the deposition of
calcium, increase bone strength, and decrease bone turn-over (Lieder, 2013;
Pogorielov et al., 2015).

Based on these results, the use of chitosan as an alternative hemostatic
material can be considered clinically. However, further studies that are more in
depth using large size experimental animals, with a larger number of samples, or
in a longer observation period should be conducted to strengthen the results of this
study.
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