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Evaluation of the effect of platelet rich plasma (PRP) on enhancement
of bone healing in diaphyseal bone defects by radiography and
computed tomography
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Summary: The effect of platelet-rich plasma (PRP) with autogenous cancellous bone graft on enhancement of bone healing
in diaphyseal bone defects was evaluated. A 4-mm defect was created in the middiaphysis of the tibias of 20 rabbits. Rabbits were
divided into two groups of ten animals each: only autogenous cancellous graft, PRP and autogenous cancellous graft. In animals of
group 1, only autogenous cancellous grafts, and to those in group 2, PRP and autogenous cancellous grafts, were applied to the
defect. Radiographical and computed tomography (CT) views were taken and evaluated on postoperative days 0, 15, 30, 60, and 90.
According to the bone formation, union, and remodeling scores, group 1 had better scores than group 2 on days 30, 60, and 90. The
density was significantly increased on day 60 than on days 0, 15, and 30 in group 1. In conclusion, it was evaluated that PRP could
not enhance the bone regeneration in diaphyseal defects when used with autogenous cancellous bone graft.
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Diyafizeal kemik defektlerinde trombositten zengin plazmanin (PRP) kemik iyilegsmesini artirma
iizerindeki etkisinin radyografi ve bilgisayarl tomografi ile degerlendirilmesi

Ozet: Bu ¢alismada; trombositten zengin plazmanin (PRP), otojen kanselloz greftler ile birlikte diyafizer defektlerde kemik
rejenerasyonuna olan etkisi degerlendirildi. Yirmi tavsanda tibianin orta 1/3 diyafizinde 4 mm. genisliginde defekt olusturuldu.
Tavsanlar, her birinde 10 tavsan iceren iki gruba ayrildi, birinci gruptaki tavsanlara sadece otojendz kanselloz greft, ikinci
gruptakilere PRP ile birlikte otojendz kanselloz greft yerlestirildi. Operasyon sonrast 0., 15., 30., 60. ve 90. giinlerde radyografi ve
bilgisayarli tomografi (BT) ¢ekimleri yapildi ve degerlendirildi. Kemik olusumu, kaynama ve yeniden sekillenme derecelendirmesine
gore 30., 60. ve 90. giinlerde birinci grupta, ikinci gruba gore daha iyi sonuglar elde edildi. Birinci grupta dansite, 60. giinde 0., 15. ve
30. gline gore daha belirgin bir artig gosterdi. Sonug olarak; PRP, otojendz kanselloz greftler ile birlikte diyafizer kemik defektlerine
uygulandiginda, kemik rejenerasyonunu artirict higbir katkist olmadigi anlagildi.

Anabhtar sozciikler: Bilgisayarli tomografi (BT), kemik rejenerasyonu, radyografi trombositten zengin plazma (PRP).

Introduction

The treatment of massive bone defects is the most
challenging problem. Long-bone defects, resulting from
trauma, tumors, osteitis, implant loosening, or corrective
osteotomies, require surgical interventions, because
spontaneous regeneration is limited to relatively small
defects. Autogenous bone grafting is accepted as the gold
standard for treatment of bone defects; additionally,
mineral bone substitutes and callus distraction are the
most commonly used techniques (10, 20).

Growth factors influence chemotaxis, differentiation,
proliferation, and synthetic activity of bone cells, thereby
regulating physiological remodeling and fracture healing
(16). In 1998, Marx et al. (14) used PRP as a source of
autogenous thrombocytic growth factors for the
reconstruction of maxillofacial defects in humans and
found that PRP resulted in faster maturation of

autogenous bone transplants and higher bone density.
The effects of PRP have been mainly investigated in the
mandible, calvarium, long bones with cylindrical defects
(5, 6, 17, 22). However, a few studies have been
evaluated the effect of PRP in the diaphyseal defects of
long bones (10, 19, 20).

The aim of this study was to evaluate the effect of
PRP with autogenous cancellous graft on enhancement of
bone regeneration in the defects of long-bones by
radiography and computed tomography.

Materials and Methods
Surgery: Twenty adult New Zealand white rabbits
were used and kept in separate cages, fed a standard diet,
water ad libitum and allowed to move freely during the
study. Animal selection, management, and experimental
protocol were approved by the Animal Research Ethics
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Committee at the Ondokuz Mayis University of Turkey.
The rabbits were divided to two groups; each of ten
rabbits. The rabbits were premedicated with an
intramusculary injection of 3 mg/kg xylazine hydrochloride
and induced 44 mg/kg ketamine hydrochlorure.
Anesthesia was maintained using 2—3% isoflurane under
spontaneous ventilation with facemask. Six Kirschner
wires (1.5 mm) were used for bilateral external fixator
configuration. Tibia was exposed through by a medial
approach, and a 4 mm middiaphyseal ostectomy was
created out by a high-speed burr. During this procedure,
sterile saline was used to avoid burn injury of the bone.
In group 1, the gap was filled by autogenous cancellous
graft, only which was maintained from the iliac crest, and
in the second group, both PRP and autogenous
cancellous graft were placed to the gap. Cefazolin
sodium (20 mg/kg, im) was administered to all animals
once just before the operation and every 24 h for 4 days
postoperatively for antibiotic therapy.

PRP preparation: A total of 10 ml of blood was
taken from each rabbit by venipuncture of the ramus
intermedius of v. auricularis caudalis before surgery, and
on alternate days. Preparation and activation of PRP were
conducted according to the techniques as described by
Katz et al (11). The average peripheral blood platelet
count was 307.000/mm?, with a range from 217.000 to
405.000. The mean platelet count of the PRP was
1.206.000/mm?, with a range from 644.000 to 2.518.000.

Three dimensional computed tomography analyses:
On postoperative days 0, 15, 30, 60, and 90, rabbits were
anesthetized with an intramusculary injection of 3mg/kg
xylazine hydrochloride and 44 mg/kg ketamine
hydrochlorure and placed on the computed tomography
(CT) machine in ventral recumbency (CT, Aquilion,
Toshiba, Japan). The operated tibia was scanned with a
16-slice multidetector CT system. Scanning parameters
for the complete tibia were as follows: collimation: 20 x
1 mm; reconstruction interval: 0.5 mm; tube rotation
period: 0.4 s; 120 kV, and 70 mAs. All images from the
CT scans were loaded onto a workstation (Vitrea 2, Vital
Images Inc., Plymouth, MN, USA). The sagittal
reformatted images of the ostectomy site were obtained.
The posterior, anterior, lateral, and medial distances of
the ostectomy site were measured. On the median sagittal
plane, the region of interest was placed to include the
entire fracture site, and the mean Hounsfield unit (HU)
density was measured. For comparison, the HU density
of a normal bone between the first two metal bars of the
external fixator was used.

Radiographic analyses: The radiographs of the
operated tibia were obtained using a Basic 100-30 device
(Intermedical, Italy) after the CT analyses on the same

days. Rabbits were anesthetized by the same protocol,
and the tibias were positioned in the anteroposterior
direction. X-ray exposure was maintained constant for all
animals: 50 kV and 0.5 mAs. The evaluation of the
radiographic views was conducted according to the
scoring system that proposed by Lane et al (12).
According to this scoring system, bone formation, union,
and remodeling were scored as: No evidence of bone
formation: 0, Bone formation occupying 25% of the
defect: 1, Bone formation occupying 50% of the defect:
2, Bone formation occupying 75% of the defect: 3, Full
gap formation: 4, Full fracture line: 0, Partial fracture
line: 2, Absent fracture line: 4, No remodeling: 0,
Remodeling of the intramedullary channel: 2, Full
remodeling of cortex: 4.

Statistical analyses: The student’s t-test was used to
compare the anterior, posterior, lateral and medial
distances of the gap and density results of both groups on
days 15, 30, 60, and 90. The results of the groups on
different days were compared by ANOVA (one-way
variance analysis). The significance of the difference
between the groups was controlled by the Duncan’s test.
The Fisher score test was used to evaluate the
radiographic results (9).

Results
Four rabbits in group 1 and 5 rabbits in group 2
were dead at the end of day 60, because of coccidiosis.

Radiographic Results

Postoperative 15" day: No difference was detected
in both groups in relation to bone formation, union, and
remodeling.

Postoperative 30" day: In group 1, grade-3 bone
formation was detected in 60% of the rabbits (n = 6),
However, in group 2, grade-2 bone formation was observed
in 60% of the rabbits (n = 6). Bone formation in grade-3
and grade-2 union were significant (p < 0.05) in group 1.
However, no remodeling was seen in both groups.

Postoperative 60" day: Grade-4 bone formation
was revealed in 60% of the rabbits in group 1 and
statistically it was more significant than group 2 (p < 0.05).
Grade-4 union and grade-2 unions were observed in 5
animals each in group 1 (50%). However, in group 2,
grade-2 and grade-4 unions were possed in 70% (n = 7)
and 20% (n = 2) of the rabbits, respectively.

Postoperative 90" day: In all rabbits of the first
group (n=6), grade-4 bone formation and union were
observed (Figure 1). In group 2, bone-formation scoring
was distributed as 60% with grade-4 (n = 3), 20% with
grade-3 (n = 1), 20% with grade-2 (n = 1).

Radiographic scoring results were presented in table 1.
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Table 1. Radiographic scoring results (statistically significant scores (p<0.05) are marked with an asteriks) BF: Bone formation,
U: Union, R: Remodeling, NA: Not avaliable

Tablo 1. Radyografik derecelendirme sonuglari (istatistiksel olarak belirgin dereceler (p<0.05) yildiz ile isaretlenmistir, BF: Kemik
olugsumu, U: Kaynama, R: Yeniden sekillenme

Group 1 Group 2
Day 15 Day 30 Day 60 Day 90 Day 15 Day 30 Day 60 Day 90

Caseno BF U R BF U R BF U R BF R U BF R UBFR U BF R U BF R U
1 1 00 3 2 0 4 2 2 4 4 2 1 0 01 0 0 3 2 0 4 4 2
2 1 00 3 2 0 3 2 0 4 4 2 1 0 0 1 0 0 3 2 0 NA NA NA
3 1 00 2" 0 0 3 2 0 4 4 0 1 0 02 0 0 3 2 0 4 4 0
4 1 00 3 2 0 4 4 0 4 4 2 1 0 0 2 0 0 3 2 0 NA NA NA
5 1 00 3 2 0 4 4 0 N NA NA 1 O O 2 2 0 3 2 0 NA NA NA
6 1 00 2" 2 0 4 4 0 4 4 2 1 0 01 0 0 2 0 0 0
7 2 0 0 32 0 4 4 0 NA NA NA I O O 2 2 0 3 2 0 2 0
8 2 0 0 3 2 0 4 4 0 4 4 2 1 0 0 2 2 0 4 4 0 4 4 2
9 1 00 2° 2 0 3 2 0 NA NA NA 1 O O 2 2 0 3 2 0 NA NA NA
10 1 00 2" 2 0 3 2 0 NA NA NA 1 O O 3 2 0 4 4 0 NA NA NA

Figure 1. Radiographic view of case no:6
in group 1 on postoperative days 0 (a), 15
(b), 30 (c), 60 (d), 90 (e).

Sekil 1. Grup 1’de 6 nolu olgunun
operasyon sonrast 0. (a), 15. (b), 30. (b),
60. (c), 90. (e) giinlerdeki radyografik
goriintiileri.

Figure 2. Three dimensional CT
appearance of case 1no:6 in group 1 on
postoperative days 0 (a), 15 (b), 30 (c), 60
(d), 90 (e).

Sekil 2. Grup 2’de 6 nolu olgunun
operasyon sonrasi 0. (a), 15. (b), 30. (b),
60. (c), 90. (e) giinlerde iic boyutlu
bilgisayarli tomografik goriintiileri.
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Three Dimensional CT Results

Group I: No difference was found on the posterior,
anterior, lateral, and medial distances of the gap on days
0, 15, and 30; however, the gap distance was significantly
closed on days 60 and 90 compared to that on days 0, 15,
and 30 (p < 0.05). Significant increase of the density was
observed on day 60 than on days 0, 15, and 30. The
union of at least 3 sides of the gap was observed in 10 %
(n=1),40 % (n=4), and 100 % (n = 6) of the rabbits on
postoperative days 30, 60, and 90, respectively (Figure
2).

Group 2: No difference was found on the posterior,
anterior, lateral, and medial distances of the ostectomy
site on postoperative days 0, 15, and 30; however, the
gap distance was significantly closed on days 60 and 90
than other 0, 15, and 30 days (p < 0.05). There was no
significant difference in density between the results of
Oth, 15th, 30th, 60th, and 90th days. The union of at least
3 sides of the gap was observed in 10% (n = 1), 40 %
(n =4) and 60 % (n = 3) of the rabbits on days 30, 60,
and 90, respectively.

The CT results are presented in table 2.

Discussion and Conclusion

Some clinical studies have shown that the PRP
enhances the bone healing when used in association with
cancellous bone grafts (14). PRP appears to have a
positive effect during the early phases of bone healing
when applied with autogenous cancellous bone grafts (7,
10, 22). When mixed with an autogenous bone graft and
activated, the PRP gel containing cytokines and growth
factors mandatory for the improvement of wound
healing, vascularity and tissue regeneration (2, 22). In a
study, PRP increased bone formation when used together
with bovine cancellous blocks in a non-critical-sized
bone defect in the rabbit cranium (1). The results of this
study showed that, no beneficial effect of PRP on bone
formation was observed. This final result could be
explained with several factors.

Platelet concentration in the PRP is recommended
as three to five times its original concentration in whole
blood or more than 1 x 10%ml (3, 14, 18). However,
there is no definite consensus on the optimum platelet
concentration (3, 8, 18). In our study, the mean platelet
concentration was 1.206.000/mm’ and in consistence
with literatures; but there was a major difference between
the lowest and the highest cell numbers in PRP.

The composition of PRP varies with the preparation
technique used. Although all PRP preparations contain a
basic set of growth factors, the relative concentration of
each factor can differ among preparations. Moreover, the
proteases present in the platelet releasate may degrade
some of the growth factors (21), which reduces the
availability of bioactive factors and changes the

composition of the PRP, altering its clinical effectiveness
for specific applications. We have noted mild
liquefaction during application of autogenous cancellous
graft into the PRP. This could affect the concentration of
PRP, in addition to altering its osteogenic performance in
a negative manner.

Sarkar et al. (20) has explained the failure of PRP as
being caused by the fact that the potency of the growth
factors liberated by PRP is too weak to induce bone
formation in defects with low regeneration capacity.
Moreover, the procedures like reaming of the tibia,
before implanting the intramedullary nail thus creating a
defect, could have negative effect on bone healing. In the
presented study, the bone was stabilized using the
external fixation method, which was applied percutaneously.
In this stabilization method, vascularization and
periosteal function are affected minimally (13); therefore,
the argument about negative effects of the stabilization
procedure is not valid for this study.

The common impediment in the studies conducted
on long bones is the lower vascularity and regeneration
capacity of the diaphysis (10, 19, 20). The positive effect
of PRP is reported in two studies in which the radius and
femur are used (10, 19). The radius is not fixed after
osteotomy because of the fibro-osseous union of ulna and
radius (10). The lack of overlying muscle on the tibia
reduces the contribution of the extraosseous circulation
in the early stages of fracture healing (4). Lower levels of
vasculature of tibia could be the main reason for the
negative effect of PRP when compared with the studies
in which the radius and femur were used (10, 19).

Choi and Mooren et al. (5, 18) applied cancellous
bone to a defect after grinding in a bone mill. Moreover,
Mooren et al., (18) disconnected the cortical bone from
the cancellous bone using an osteotome. In our study, the
autogenous cancellous bone was obtained from the iliac
crest with bone romgeurs, and the cortical bone was
removed by a blade and then applied on the PRP gel.
Although ineffectiveness of autogenous cancellous bone-
PRP mixture has been reported (5, 18), this procedure
could prevent the liquefaction of PRP and maintain the
uniformity of the mixture; consequently, the standardized
method is used for the study. Liquefaction should be the
main aim of future studies because it can affect the
influence of the PRP on autogenous cancellous bone
grafts and bone-regeneration capacity; in addition,
platelets and platelet-derived growth factors are known to
act during only the early stages of bone-graft healing
because the life span of a platelet in a wound and the
period of the direct influence of its growth factors is less
than 5 days (15).

In conclusion, this study showed that PRP could not
enhance the bone regeneration in long-bone defects when
used with autogenous cancellous bone grafts. However,
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further studies should be planned on long bones, which
also include histomorphometric evaluation in addition to
radiography and CT.
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