A Ope
Aovo! Open
e

IDEAS AND INNOVATIONS Il

|Experimental

A Novel Rat Model of Intramedullary Tibia
Fracture Fixation Using Polyetheretherketone
Threaded Rod

Zhe Jin, MD*

Yu Sun, MS*
Yuheng Guan, MSt
Guibo Yu, BSt

Background: The rat fracture fixation models have been widely adopted, but
current implant designs suffer from operational difficulty, massive soft-tissue
dissection, and radiological intervention. The authors developed a new tibia
fracture-healing model using minor invasive intramedullary fixations with
polyetheretherketone (PEEK) threaded rods, which have excellent x-ray
translucency and no magnetic resonance artifact.

Methods: Tibia fractures of 6 adult male Sprague-Dawley rats were fixed
with intramedullary PEEK threaded rods. X-ray examination was performed
at 0, 4, and 8 weeks postoperatively. Histological analysis was conducted via
hematoxylin-eosin staining of nondecalcified tissue sections.

Results: Radiological fracture healing was observed at 8 weeks postoperatively.
Histology demonstrated fracture gap bridging and bone ingrowth adjacent
to PEEK.

Conclusion: This innovative model is simple and effective, providing
a new selection in future biomedical research. (Plast Reconstr Surg Glob
Open 2015;3:e417; doi: 10.1097/GOX.0000000000000386; Published online
11 June 2015.)

tive and time saving, having been widely adopted

in biomedical research of musculoskeletal
diseases, tissue engineering, and biomaterials.'® As
rat is better genetically defined than large animals, it
allows detailed investigation of molecular mecha-
nisms during fracture healing.>”® In combination
with current imaging modalities designed for small

The rat fracture fixation model is highly effec-
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animals, such as micro-computed tomography,
magnetic resonance imaging, and positron emis-
sion tomography, researchers could also obtain ac-
curate radiological data correlated with histological
sections and continual noninvasive monitoring of in
vivo cellular and tissue reactions.”"*

However, current fixation techniques for rat
have severe drawbacks, such as high risk of infec-
tion, operational complexity, and massive tissue
dissection.>®!*-1® Furthermore, involvement of metal
materials leads to radiological artifact and interrup-
tion. Thus, there are several issues to consider in
developing fracture models: (1) the model should
exhibit biological healing process;(2) complication
rates should be lowered by decreasing surgical time,
tissue damage, and infection; and (3) nonmetallic,
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radiological intervention-free materials are favored.
To the authors’ knowledge, there still lacks a rat model
meeting all above requirements.

The authors’ purpose is to introduce a new rat
model of tibia fracture fixation with polyetherether-
ketone (PEEK) threaded rod, combining the advan-
tages of simple operation procedure, good tissue
protection, and excellent translucency without ra-
diological artifact.

MATERIALS AND METHODS

PEEK threaded rods were 2mm in diameter and
100mm in length with standard pitch (0.4mm),
which were, rinsed ultrasonically twice in 70% etha-
nol for 24 hours and underwent ethylene oxide ster-
ilization (see Fig. 1, Supplemental Digital Content 1,
which displays a PEEK threaded rod, http://links.lww.
com/PRSGO/A101). Experiment protocols were ap-
proved by the ethical committee at the authors’ in-
stitution. Six skeletally mature male Sprague-Dawley
rats (300-350g) provided by the institutional animal
center were kept in plastic cages (2 per cage) with
free access to food and water, at constant room tem-
perature with a 12-hour day/night cycle.

Before operation, animals received intraperito-
neal injections of 50mg/kg pentobarbital sodium
(Merck, Darmstadt, Germany) for general anesthesia.
The left hind leg was shaved and disinfected. A 3-cm
longitudinal anteromedial skin incision was made to
expose the left knee joint and tibia. The patella was
released laterally, and a 2-mm diameter bone tunnel

Fig. 1. A, Surgical procedure: bone tunnel reaming with PEEK threaded rod. B, Surgical pro-
cedure: fracture fixation with anatomical alignment and compression.
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was drilled from proximal tibial plateau with a depth
of 20mm, followed by another reaming step with
PEEK threaded rod (Fig. 1). The level of osteotomy
was at the proximal third of tibia. After transverse
osteotomy, a 20-mm PEEK threaded rod was inserted
by a press-fit maneuver, and care was taken to ensure
rigid fixation without extra bone damage (Fig. 1).
Then, the wound was irrigated with normal saline, and
the muscle fascia and skin were sutured interruptedly.
Intraoperative lateral radiographs were obtained
after wound closure using standard imaging module
of an xray unit (Arcadis; Siemens, Muenchen,
Germany). Postoperative plain films were obtained at
4 and 8 weeks to monitor healing status.

After 8 weeks, all animals were euthanized and
bilateral legs were harvested without implant remov-
al. Gross appearance was observed to exclude local
infection or fracture nonunion. The samples were
immersed in 10% buffered formalin for 48 hours,
and then, longitudinal 30-um sections were made
from each specimen using hard-tissue slicing equip-
ment (Exakt, Norderstedt, Germany). Sections were
stained with hematoxylin and eosin to assess the gen-
eral morphology at the fracture site. Images were
taken using a digital microscope (Eclipse 80i; Nikon,
Tokyo, Japan).

RESULTS
All animals returned to full weight bearing
after 48 hours. There were no postoperative wound
complications. Radiological fracture healing was
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Fig. 2. Postoperative plain film at 8 weeks showing fracture
healing.

achieved at 8 weeks (Fig. 2), with no visible continu-
ous osteotomy line. Macroscopic examination of the
specimen showed that the fracture ends were united
by newly formed bone tissue, and qualitative mor-
phological examination of hard-tissue sections re-
vealed new bone ingrowth surrounding PEEK rods
(Fig. 3) (see Fig. 2, Supplemental Digital Content 2,
which displays a macroscopic examination, http://
links.lww.com/PRSGO/A102).

Fig. 3. Microscopic examination: bone ingrowth adjacent to
PEEK threaded rod.

DISCUSSION

It has been reported that more than one third of
animal fracture research in leading orthopedic jour-
nals used the rat model" but favored metal implants to
radiological artifact and image interruption.>!>!6:1820
PEEK was demonstrated chemically stable and non-
toxic in animal research, with excellent mechanical
strength, ideal elastic modulus similar to cortical
bone, and radiological translucency.?"* But previous
PEEK plates developed for rat are used in combina-
tion with metal screws.

The authors machined thread on PEEK rods to
provide press-fit compression fixation with good sta-
bility and used intramedullary implantation without
excessive periosteal stripping to reduce infection
risk and peripheral dissection. Future quantitative
biomechanical and radiological analyses of this fix-
ation technique in large animals are applicable to
provide further information.

CONCLUSIONS

This study introduced a simple and effective in-
tramedullary fixation model of rat fracture. Future
application in combination with noninvasive imag-
ing modalities will allow tracking soft tissue and bone
cell activity in vivo and correlate the findings with
histological results, providing useful information on
early diagnosis of fracture nonunion and other dis-
orders, such as inflammation, infection, and tumor
recurrence.

Yu Sun

Department of Joint Surgery and Sports Medicine
First Hospital of China Medical University

155 Nan Jing Bei Street Heping District
Shenyang, China 110001

E-mail: sunyu@mail.cmu.edu.cn
sunyulovesit@163.com

ACKNOWLEDGMENTS
We thank Jian Wang, Associate Prof. Xiuhong Kang,
and Prof. Dianzhong Li from the Institute of Metal Research
(Chinese Academy of Science) for generously helping to prepare
PEEK threaded rods.

REFERENCES

1. Tomlinson RE, McKenzie JA, Schmieder AH, et al
Angiogenesis is required for stress fracture healing in
rats. Bone 2013;52:212-219.

2. Nakamura A, Akahane M, Shigematsu H, et al. Cell sheet
transplantation of cultured mesenchymal stem cells en-
hances bone formation in a rat nonunion model. Bone
2010;46:418-424.

3. Krischak GD, Augat P, Sorg T, et al. Effects of diclof-
enac on periosteal callus maturation in osteotomy
healing in an animal model. Arch Orthop Trauma Surg.
2007;127:3-9.


http://links.lww.com/PRSGO/A102
http://links.lww.com/PRSGO/A102
mailto:sunyu@mail.cmu.edu.cn
mailto:sunyulovesit@163.com

7.
8.

9.

10.

11.

12.

13.

. Preininger B, Gerigk H, Bruckner J, et al. An experimen-

tal setup to evaluate innovative therapy options for the
enhancement of bone healing using BMP as a bench-
mark—A pilot study. Eur Cell Mater. 2012;23:262-271.

. Heiner DE, Meyer MH, Frick SL, et al. Gene expression

during fracture healing in rats comparing intramedul-
lary fixation to plate fixation by DNA microarray. J Orthop
Trauma 2006;20:27-38.

. Krischak GD, Augat P, Blakytny R, et al. The non-steroidal

anti-inflammatory drug diclofenac reduces appearance
of osteoblasts in bone defect healing in rats. Arch Orthop
Trauma Surg. 2007;127:453-458.

Jacenko O, Olsen BR. Transgenic mouse models in stud-
ies of skeletal disorders. | Rheumatol Suppl. 1995;43:39-41.
Urist MR, McLean FC. Bone repairs in rats with multiple
fractures. Am J Surg. 1950;80:685-695; passim.

Savaridas T, Wallace R], Muir AY, et al. The development
of a novel model of direct fracture healing in the rat. Bone
Joint Res. 2012;1:289-296.

Appel AA, Anastasio MA, Larson JC, et al. Imaging chal-
lenges in biomaterials and tissue engineering. Biomaterials
2013;34:6615-6630.

Ko IK, Song HT, Cho EJ, et al. In vivo MR imaging of
tissue-engineered human mesenchymal stem cells trans-
planted to mouse: a preliminary study. Ann Biomed Eng.
2007;35:101-108.

Xu H, Othman SF, Magin RL. Monitoring tissue engineer-
ing using magnetic resonance imaging. | Biosci Bioeng.
2008;106:515-527.

AltV, Lips KS, Henkenbehrens C, et al. A new animal model
forimplantrelated infected non-unions after intramedullary
fixation of the tibia in rats with fluorescent in situ hybridiza-
tion of bacteria in bone infection. Bone 2011;48:1146-1153.

14.

15.

16.

17.

18.

19.

20.

21.

22.

PRS Global Open ¢ 2015

Hsu WK, Feeley BT, Krenek L, et al. The use of
18F-fluoride and 18F-FDG PET scans to assess frac-
ture healing in a rat femur model. Eur | Nucl Med Mol
Imaging 2007;34:1291-1301.

Schoen M, Rotter R, Schattner S, et al. Introduction of
a new interlocked intramedullary nailing device for sta-
bilization of critically sized femoral defects in the rat:
a combined biomechanical and animal experimental
study. [ Orthop Res. 2008;26:184-189.

Thompson Z, Miclau T, Hu D, et al. A model for
intramembranous ossification during fracture healing.
J Orthop Res. 2002;20:1091-1098.

Yavari SA, van der Stok J, Ahmadi SM, et al. Mechanical
analysis of a rodent segmental bone defect model: the
effects of internal fixation and implant stiffness on load
transfer. J Biomech. 2014;47:2700-2708.

Brown NL, Rose MB, Blueschke G, et al. Bioburden af-
ter Staphylococcus aureus inoculation in type 1 diabetic
rats undergoing internal fixation. Plast Reconstr Surg.
2014;134:412e-419e.

O’Loughlin PF, Morr S, Bogunovic L, et al. Selection and
development of preclinical models in fracture-healing
research. [ Bone Joint Surg Am. 2008;90 (Suppl 1):79-84.
Li W, Zara JN, Siu RK, et al. Nell-1 enhances bone regen-
eration in a rat critical-sized femoral segmental defect
model. Plast Reconstr Surg. 2011;127:580-587.

Kurtz SM, Devine JN. PEEK biomaterials in trau-
ma, orthopedic, and spinal implants. Biomaterials
2007;28:4845-4869.

Walter J, Kuhn SA, Reichart R, et al. PEEK cages as a
potential alternative in the treatment of cervical spon-
dylodiscitis: a preliminary report on a patient series. Eur
Spine J. 2010;19:1004-1009.



