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The period of  bone healing after trauma goes through certain physiological processes. 
In situations where a bone fracture occurs, our intention is to surgically position in an 
appropriate morpho-anatomical position. For osteosynthesis we used vipla wire and 
micro plates with corresponding screws. 
The aim of  our research was to evaluate the optimal time for the removal of  the 
osteosynthetic material, fracture site biomechanical stability, and measurement of  the 
callus thickness. 
For this research ten 4 months old rabbits with right leg femur fracture were used. 
Osteosynthesis was done with titanium micro plates, corresponding screws and vipla 
wire. Experimental animals were observed through the post-operative period at the first 
and seventh postoperative day and there on at 2, 4, 6, 9, 12 weeks. Further additional 
fixation was needed in one of  the rabbits in the second week. 
The postoperative period provided us information about the optimal moment for the 
removal of  titanium micro plates. It showed that over a period of  six weeks, the bone 
had almost all normal biomechanical properties. Significantly greater strength and 
rigidity of  the recovered femur were obtained after 12 weeks. Micro plates that were 
removed after 4, 6 or 9 weeks, did not need furhter fixation and therefore fixation was 
not applied, compared to those placed during the 12 weeks. X Ray evaluation provided 
us with follow up results of  fracture healing.
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The results suggest that it is acceptable to remove titanium micro plates after a period 
of  healing, that is, after the formation of  the callus and bridging of  the fracture gap and 
diastasis with newly formed bone.
Keywords: rabbit, femur, osteotomy, microplates, bone strength

INTRODUCTION 

The need for osteosynthesis for fractures of  long animal bones occurs in 25% cases, 
based on data and analysis of  the used osteosynthetic material at the Clinic for Surgery, 
Orthopedics and Ophthalmology of  the Faculty of  Veterinary Medicine in Belgrade. 
In such cases, we use a rigid connection in order not to allow micro movements of  
fragments of  fractures, which would cause them not to heal or to create pseudo-
arthrosis at the ends, thereby prolonging the suffering and post-traumatic stress of  
the animals.
Previous research into internal fixation with metal plates stands in the view that it 
provides satisfactory conditions for healing bone diaphysis fractures [1-11]. However, 
the effect of  the rigid plate over time leads to a remodeling of  its effect, primarily to 
protect against stress, causing osteopenia and reduced strength of  the newly created 
bone [12-16]. Therefore, it is imposed in itself, in order for this phenomenon of  
secondary bone weakening to be prevented, shortly after the repair of  the fracture, 
the view is that it is desirable to remove metal plates, as this has proven rational, as 
reported by Uhthoff  and Finnegan [17], believing that early removal of  plates made 
restoration of  bone physiology into normal bone. Their position on the timely removal 
of  the plate was not explicit and/or noted for a period of  time. A similar experiment 
was designed as part of  a study, where external fixation was applied [18]. 
In our study, we wanted to focus the research on collecting data and information about 
the optimal time for the removal of  the rigid osteosynthetic connection, in this case 
metal titanium micro plates on bone diaphysis. 

MATERIAL AND METHODS 

Ten rabbits of  both sexes whose weight ranged from 3,000 to 3,650 grams were 
included in the study. Before the surgical procedure, 10 Chinchilla rabbits (Oryctolagus 
cuniculus) underwent the standard accommodation protocol of  14 days. 
Induction of  anesthesia was done with 35 mg/kg Ketamidor 10%, (Ketamine 
Hydrochloride), Richter Pharma AG, Austria, and 5 mg/kg Xylazine 2%, 20 mg/ml 
(Xylased), Bioveta, Czech Republic) administered intramuscularly and maintained with 
Sevorane®, 100%, AbbVie Biopharmaceuticals GmbH, Belgrade.
With the premedication and during 5 postoperative days, Baytril 2.5% (enrofloxacin, 
Bayer, Germany) 10 mg/kg i.m. and Butorfanol subcutaneously 0.5 mg/kg (Richter 
Pharma Ag, Austria) were used. 
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Operations were performed on the right leg while the left leg was used as the control. 
Transverse femur osteotomy in the middle bone portion we made with an oscillating saw. 
The osteotomized femur was fixed with a flat titanium micro plate with seven openings 
of  45 x 5 x 1 mm (Zimmer Biomet, Palm Beach Gardens, Forida, USA). The plate 
was placed with orthopedic screwes (diameter of  2.0 x 7 mm) on the antero-posterior 
aspect of  the femur. Osteotomies were exactly reduced, but without compression at 
the junction point. Both endings of  the femur were immediately recorded with X ray 
imaging after surgery (Table 1). The rabbits tolerated the procedure well. 

Table 1. Display values in percentages with a range of  mineral content in the bones, its 
thickness and elastic rigidity relative to the control group in osteotomized parts of  femur. The 
median mineral content in the bone is determined between two drilled and distant screw holes, 
whereby the first-middle and second is 1.5 cm away from the plate-distal.

      Weeks postoperative Bone mineral content Deformation 

Group Weeks Follow up 
ending Central Distal Deformatio 

thickness
Elastic 

thickness
1 4 6 172 108 65 (51-115) 123 (80-139)
2 6 12 169 112 118 (108-148) 215 (135-228)
3 9 12 203 102 124 (90-135) 112 (88-221)
4 12 12 132 100 66 (51-91) 135 (73-170)

Each group consisted of  two animals. The removal period of  titanium micro plates is 
given in groups of  1-4, where both femurs were recorded by radiogram (Figure 1). All 
surgical procedures were performed in the first act during internal fixation. 

Figure 1. A postoperative radiograph of  fracture site after stability testing



Dučić et al.: Correlation of  bone strength in an animal model (rabbit) after fracture and during the period of  fixation with a titanium micro plate

445

Bone healing assessment

To determine the amount of  periosteal callus, the external antero-posterior and 
transverse diameter were measured at the place of  the osteotomy and at the appropriate 
level of  the control bones. Radiograms were studied according to the method used to 
assess the position of  bone fragments. The mineral content in the bones was measured 
by photon absorption using a 241Am gamma radiation scanning device (AB Gambro, 
Lund) (Figure 2). The scan was performed over the bones in two levels: between two 
distant screw holes and 15 mm away from the distant end of  the micro plate. In the 
control group, healthy leg bones were scanned at the corresponding levels.

Biomechanical tests

The femurs were tested in three deformation points in an antero-posterior direction 
using the Interrogation Machine (Instron) [19].

Statistical analysis

We used Wilcoxon’s two-sample (two-point test) to calculate statistical differences 
between the groups. The differences were considered significant for P-values <0.05.

RESULTS

There was no difference in the amount of  periosteal callus between the femur where 
the micro plate was removed before euthanasia and the one that was positioned in 
the animal until the very moment of  euthanasia, either at 6 or 12 weeks. The mineral 
content at the level between the distant screw holes was greater in the femur with 

Figure 2. Lateral, after 4 weeks (a) and antero-posterior, after 6 weeks (b) radiography.
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micro plates removed after 4, 6 or 9 weeks compared to those where micro plates 
remained until the 12th week (p<0.05, Table 1). The level in mineral content on the 
sites where the micro plates were placed was not different among the groups.
There was no significant difference in firmness with the removal of  micro plates after 
4 weeks and the one where the plate remained for up to 6 weeks (Table 1). However, 
the strength of  the bones with the removal of  micro plates at 4, 6 or 9 weeks was 
greater than that of  the bone where the plates were positioned for 12 weeks (p <0.01).
The median values of  the osteotomized bone strength in groups 2, 3 and 4 were 
greater than those of  their corresponding control bones.
Rigidity (Table 1) is higher in femur with micro plates removed after 6 weeks compared 
to those that were positioned up to the 12th week (p<0.05). When micro plates are 
removed from the bone after 4, 6 and 9 weeks, they are considered one large group 
compared to those where the continuous presence of  the plate was for 12 weeks.  
Bone thickness was greater in the bones with the micro plate where the removal was 
done before the euthanasia (p <0.05). The stiffness of  all the osteotomized tibias in 
groups 2-4 was greater than the corresponding control bones.
Deformation due to fracture was greater in Group 4 in contrast with tibiae in Group 
6 (p<0.05). For the rest, there was no difference in deformation.

DISCUSSION 

If  the results of  experimental healing fractures using micro plate fixation are intended 
to shed light on the healing process of  long bone fractures in humans, the place and 
role of  rigidity fixation should be comparable, which should be a guide to fixation 
and healing periods of  corresponding human bones. In previous in vitro studies, the 
average rigidity of  bending was defined by about 40% related to rigidity.
The experimental healing of  the intact tibiae fracture was obtained after fixation of  the 
osteotomy of  rabbit tibiae using steel plates of  the same size as done in the research 
in 1983 Terjesen and Benum [19]. This corresponded to a medium rigidity of  about 
50% obtained after fixation with a tibial plate, fixations using a self-compression plate 
(DCP) on osteotomyed human tibias. Thus, fixation with an adjusted plate seemed a 
suitable model for studying bone healing in the long bones of  rabbits.
There are no significant differences in the formation of  the periosteal callus between 
animals where the plates remained until the end of  the follow up period, and those 
where plates were removed before the end of  the follow-up. The radiographic 
study also showed no differences between the groups regarding the combination 
of  osteotomized ends of  bone fragments. Therefore, differences in biomechanical 
qualities between some groups can hardly be due to different patterns of  healing. 
The mineral content under the plate was higher when the plate was removed early, 
compared to those on which the plate was present for 12 weeks. This is probably due 
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to the effect of  micro-stress protection plates [18. 20-22]. Distal from the place of  the 
placed micro plate, no differences were observed in the mineral content. So, there was 
no osteoporosis in the healing bones, only an inflammation was present for several 
days postoperatively.
The strength of  bone healing was slightly higher where the micro plates remained for 
six weeks compared to the ones where bones were only drilled and screws were put in, 
that were removed after four weeks. 
Although, there was a difference, it is not relevant. This is consistent with previous 
observations that the initial stages of  bone healing healed more quickly with rigid 
fixation [23-25].
During the remodeling phase, the bone was therefore weakened by the effect of  stress 
protection [26-28].
Hence, it seems rational to remove the plate before this harmful effect on bone 
integrity. This was confirmed by experimental research [20-22, 25, 30]. The same 
morphometry of  bone healing after femur osteotomy in dogs, Uhthoff  and Finnegan 
[17, 30] found a rise in bone mass when the plate was removed weeks before follow 
up ended, and a reduction when the plate remained until the end of  follow up. The 
observation time was extended to 60 weeks and the early removal of  the plates at 8 
weeks followed more pronounced remodeling and physiological bone renewal before 
late removal in the 40th week. Our results of  this study of  biomechanical examination 
of  the effects of  micro plates and their time presence in the process of  healing tibia 
bone fractures are consistent with previous studies.
Uhthoff  and Finnegan [17, 31, 33] have argued that the duration of  the return to normal 
bone architecture, and therefore the return of  full power, is not yet known and seems 
to be longer than previously believed. That’s probably true of  bone architecture, but 
the results of  this research show that the return of  normal strength and bone rigidity is 
a much faster process. Even after six weeks, biomechanical properties reached almost 
normal values. Most of  the treated bones were stronger and firmer than the controls 
when the plate was removed at 4, 6 or 9 weeks followed by the follow up ending at 12 
weeks.  These results show that fracture healing is triggered by the early removal of  
plates, which allows the bone to be exposed to normal functional loads.
Premature removal of  the plates involves the risk of  re-fracture. In a previous study, 
the median strength of  osteotomized rabbit tibias after approximately 40 percent of  
the normal value of  the presence of  osteosynthetic material after 4 weeks [18, 24]. The 
risk of  re-fracture appears to have dropped significantly after removing plates from 
the healing site. 
Therefore, it seems that the optimal time to remove the plates in the rabbit’s tibia 
is about 6 weeks. In larger animals such as dogs, the plate is removed after 8 weeks, 
which seems rational; after the removal of  the plate, there was no refracture [ 17-
19, 24, 25, 28]. This applies only to osteotomies and fractures where blood flow is 
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not too severely damaged, where there is good bone contact and where there are no 
interfragments in the fracture.
In more severe fractures with multiple fragments and insufficient vascularization of  
the blood, bone healing progresses more slowly, and the plate should probably stay a 
little longer. The healing of  most simple tibia fractures in patients takes approximately 
3-4 months. Removal of  tibial plates 18-24 months post-operative is recommended by 
the AO Group [1,2,34-38].

CONCLUSION

The results suggest that it is expedient to remove titanium micro plates after a period 
of  healing, that is, after the formation of  the callus and the bridging of  the fractured 
crack and diastasis of  the newly formed bone, since we believe that the healing period 
has reached its full extent of  osteoconduction, and the bone in this part has reached 
its full biomechanical properties. This is also the moment when the micro plate can 
prevent and protect the bone from re-fracture. The findings tell us, contrary to clinical 
practice, that this is significantly before the period of  complete healing occurs, that 
the activity of  individuals would result in physiological failure without the possibility 
of  secondary stress.
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KORELACIJA ČVRTOĆE KOSTI ANIMALNOG MODELA 
(KUNIĆA) NAKON PRELOMA I PERIODA TRAJANJA 
FIKSACIJE TITANIJUMSKOM MIKRO PLOČICOM

Risto DUČIĆ, Bogomir Bolka PROKIĆ, Milan HADŽI-MILIĆ, 
Nikola KRSTIĆ, Vera TODOROVIĆ, Nikola RADMANOVIĆ, Maja  
ĐORĐEVIĆ, Marko DAKOVIĆ, Farah HAMZAGIĆ, Srbislav PAJIĆ

Period zarastanja kostiju prolazi kroz određene fiziološke procese nakon traume. U 
situacijama kada dođe do preloma kostiju, namera je da ih hirurški pozicioniramo u 
adekvatan morfo-anatomski položaj. Za osteosintezu upotrebljene su vipla žica i mi-
kro ploče sa odgovarajućim šrafovima.
Cilj istraživanja bio je procena optimalnog vremena za uklanjanje osteosintetskog ma-
terijala, kao i biomehanička stabilnost mesta preloma i merenje debljine stvorenog 
kalusa.
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Za ovo istraživanje korišćeno je deset kunića starih 4 meseca sa prelomom butne kosti 
desne noge. Osteosinteza je urađena titanijumskim mikro pločama, odgovarajućim 
šrafovima i vipla žicom. Eksperimentalne životinje su praćene kroz postoperativni 
period prvi, sedmi postoperativni dan, kao i naredne 2., 4., 6., 9., 12. nedelje. Dalja 
dodatna fiksacija je bila potrebna kod jednog kunića u drugoj nedelji.
Postoperativni period nam je pružio informacije o optimalnom periodu za skidanje ti-
tanijumskih mikro pločica. Pokazalo se da je u periodu od šest nedelja kost imala skoro 
sva normalna biomehanička svojstva. Značajno veća čvrstoća i rigidnost oporavljene 
butne kosti dobijena je nakon 12 nedelja, a mikro pločice su uklonjene nakon 4, 6 ili 9 
nedelja, bez potrebe za nastavkom fiksacije i nisu naknadno primenjene u poređenju 
sa onima postavljenim tokom 12 nedelja. Rendgenska evaluacija je pružila naknadne 
rezultate zarastanja preloma.
Rezultati sugerišu da je prihvatljivo uklanjanje titanijumskih mikro pločica nakon peri-
oda zarastanja, odnosno nakon formiranja kalusa i premošćavanja pukotine preloma i 
dijastaze sa novonastalom kosti.


