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Abstract
Data on the role of platelet concentrate (PC) in spinal 
fusion are limited. Using the New Zealand white rab-
bit model, we compared fusion rates at L5–L6 using 
2 different volumes (1.5 cm3, 3.0 cm3) of iliac crest 
autograft with and without PC (4 groups total, 10 
animals in each). PC was collected from donor rab-
bits and adjusted to a concentration of 1×106 plate-
lets/mL. Bone growth and fusion were evaluated using 
biomechanical, radiographic, and histologic testing.  
 At 1.5 cm3, autograft alone had a 29% fusion rate, 
compared with autograft plus PC, which had a 57% 
fusion rate (P = .06). At 3.0 cm3, the fusion rate 
approached 90% in both groups. Radiologic fusion 
had a 70% correlation with biomechanical test results. 
Huo/Friedlaender scores were 4.3 (SD, 2.9) for 1.5-
cm3 autograft alone; 5.0 (SD, 3.5) for 1.5-cm3 auto-
graft plus PC; 4.7 (SD, 2.5) for 3.0-cm3 autograft 
alone; and 7.7 (SD, 0.6) for 3.0-cm3 autograft plus PC.  
 For 1.5-cm3 autograft, a trend toward improvement in 
biomechanically defined fusion was found when PC was 
added, which suggests that, when the amount of bone 
graft is limited, PC may function as a graft extender in 

posterolateral fusion. At higher volumes of bone graft, 
no appreciable difference was noted between groups. 
Although radiography revealed fusion masses, the tech-
nique was not useful in identifying pseudarthrosis. On 
histologic analysis, adding PC seemed to result in more 
mature bone at both volumes, with the most mature 
bone in the group with 3.0-cm3 autograft plus PC.

In the United States, 180,000 to 250,000 spinal 
fusions are performed each year.1 Of the numerous 
types of procedures performed, posterolateral lumbar 
intertransverse process arthrodesis with use of iliac 

crest autograft is still commonly performed.1 As is well 
documented, use of autograft has its limitations and com-
plications, including limited quantity of available bone, 
poor bone graft quality, and chronic donor site pain.2,3 
Despite significant advances in the field, not all fusions of 
the lumbar spine are successful; estimated rates of pseud-
arthrosis range from 5% to 35%.4,5 Given the imperfect 
results of spinal fusion and the morbidity associated with 
use of autogenous iliac crest bone graft, there has been 
much interest in developing alternatives that will increase 
the union rate in spinal fusion and decrease the need for 
autologous graft.6-8

Mechanical enhancements using rigid internal fixation 
devices have been shown to increase fusion rates and are 
thought to promote fusion by limiting motion.9,10 Devices 
using electrical stimulation and low-intensity ultrasound 
have also been demonstrated to increase the rate of fusion, 
but the mechanism of action is less clear.11-14 Although 
the aforementioned alternatives may affect the molecular 
biology of spinal fusion, they fail to directly provide the 
osteoconductive or osteoinductive properties necessary for 
adequate bone formation and healing.

Since Urist discovered bone morphogenic proteins 
(BMPs) in 1965, many polypeptides have been identified 
as bone growth factors.15 Growth factors that promote 
bone formation are desired for use with osteoconductive, 
biodegradable scaffolds because they have the potential 
to enhance proliferation and differentiation of osteogenic 
cells at the site of interest.16 Recent approaches to spinal 
fusion have used these osteoinductive agents as potential 
bone graft alternatives. Preliminary results with use of 
BMPs are very promising. Extracted and purified protein 
from cadaveric bone has been used clinically to help heal 
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femur and tibial nonunions,15,17 and its efficacy has also 
been demonstrated in animal models of intertransverse 
process fusions.1,7,8,18 In contrast, limited work has been 
conducted on use of autologous growth factors, platelet 
concentrate (PC) in particular, and their role in enhancing 
spinal fusion.19

Use of PC has a sound basic science foundation. After 
bone graft implantation and during initial hematoma forma-
tion, cytokines and growth factors are released. Occurring 
next are cellular recruitment, osteoconduction, osteoinduc-
tion, and, finally, remodeling.20 In healing responses, plate-
lets quickly adhere to the injury site or bone graft surfaces 
and degranulate, releasing many polypeptide growth factors. 
The best-studied growth factors in bone healing and graft 
incorporation are platelet-derived growth factor (PDGF), 
transforming growth factor (TGF-b), and insulinlike growth 
factors 1 and 2 (IGF-1, IGF-2).

Lowery and colleagues19 recently reported on the clini-
cal use of autologous growth factor (AGF) prepared by 
ultraconcentrating autologous platelets. Their hypothesis 
was that platelets are a rich source of multiple growth fac-
tors that may have a mitogenic effect on mesenchymal cells 
and osteoblasts. Supporting their predictions, they reported 
that 100% (19/19) of single-level spine fusions were suc-
cessful when AGF was used.

We hypothesized that PC could be used to increase 
the success rate of intertransverse process fusion in the 
presence of a decreased amount of bone graft. The study 
reported here was designed to define the functional, 
radiographic, and histologic outcomes of PC-enhanced 
intertransverse process fusion in an established New 
Zealand white rabbit model.21 To our knowledge, this 
study is the first to examine the role of autologous PC in 
spinal fusions in this model.

Methods and Materials

Platelet Concentrate: Preparation and Use
Approximately 100 mL of whole blood was collected from 
each rabbit using 10 mL of acid citrate dextrose as an antico-
agulant. This collected blood was then centrifuged at 300g for 
12 minutes to separate the various constituents. Plasma layer 
and buffy coat were transferred to a new tube and centrifuged 
for another 12 minutes at 1200g to pellet out the platelets. 
Excess plasma was then removed, and the platelets were 
resuspended in the residual plasma to generate PC. PC con-
centration was adjusted to approximately 1×106 platelets/mL.

PC and a thrombin/CaCl2 mixture (1000 units thrombin 
in 10% CaCl2) were mixed at a ratio of 9:1 and immedi-
ately added to the bone graft. The result was a PC clot 
encasing the autograft. For 1.5-cm3 autograft, 4.5 cm3 of 
PC mixture was added; for 3.0-cm3 autograft, 3.0 cm3 of 
PC mixture was used. 

Intertransverse Process Fusion: Surgical Procedure
Adult female New Zealand white rabbits weighing 4.5 
to 5 kg were housed in an approved animal facility for a 

minimum of 1 week before surgery. Single-level intertrans-
verse process fusions were performed at the L5–L6 level, 
as described by Boden and colleagues.8,21,22 Preoperative 
spine x-rays were obtained to rule out underlying bone 
pathology. Anesthesia was achieved with acepromazine 
(0.75 mg/kg subcutaneous) followed by ketamine (15 
mg/kg) and xylazine (2.5 mg/kg). The rabbits were then 
intubated, and isoflurane inhalation was used to maintain 
anesthesia. Enrofloxacin (5-10 mg/kg subcutaneous) was 
injected immediately before surgery.

The rabbits were shaved, positioned, and prepped in a 
standard surgical fashion. Either one or both iliac crests 
were exposed through separate fascial incisions, and 
approximately 1.5 cm3 of corticocancellous graft was 
obtained from each crest. The appropriate levels were iden-
tified intraoperatively by referencing from the sacrum with 
manual palpation.

A dorsal midline incision was made, and then 2 parame-
dian fascial incisions, and the L5–L6 levels were identified 
using manual palpation. The L5–L6 transverse processes 
were decorticated with a power burr, and the shavings were 
left in the lateral gutters in all cases. One of the 4 graft-
ing options (1.5-cm3 bone graft alone, 3.0-cm3 bone graft 
alone, 1.5-cm3 bone graft plus PC, 3.0-cm3 bone graft plus 
PC) was selected before surgery for each rabbit in a ran-
domized order.

After the grafting material was placed, incisions were 
closed, and the rabbit was extubated. Postoperative pos-
teroanterior (PA) and lateral spine x-rays were obtained 
to confirm the level of fusion. A follow-up period of 5 
weeks was chosen because fusions have been shown to be 
distinguishable from nonunions by this time.22,23 Rabbits 
were given calcein (10 mg/kg subcutaneous) 1 and 11 days 
before sacrifice as a fluorescent marker of mineralization 
for later histologic examination.

Evaluation of Fusion Masses
PA and lateral x-rays obtained after sacrifice were reviewed 
by 2 independent blinded readers, with fusion defined as 
continuous bridging of bone from one transverse process 
to the next. Biomechanical testing was then performed on 
7 of 10 specimens. At time of necropsy, the remaining 3 
specimens were immediately preserved for histology. All 
evaluations were accomplished in a blinded fashion. In 
contrast to the pull-apart testing used by Boden and col-
leagues,8,21,22 our laboratory has established functional 
multidirectional flexibility testing as a more kinematically 
relevant methodology to evaluate rabbit lumbar spine sta-
bility.24,25 This methodology was thus used for specimen 
analysis in the present study.

After potting the L4 and L7 vertebrae in resin mounts, 
L5 and L6 were fitted with Plexiglas motion-detection 
flags attached to the vertebral bodies by pairs of 0.062-in 
Kirschner wires. These flags were designed for detection by 
an optoelectronic motion-measurement system (Optotrak, 
Northern Digital, Waterloo, Canada). Mean error of this 
system was previously determined to be 0.014°.26



E86   The American Journal of Orthopedics®

Autologous Platelet Concentrate for Intertransverse Process Lumbar Fusion

Six pure moments (flexion and extension, right and left 
lateral bending, right and left torsion) were then applied 
to the top mount. The maximum moment applied in each 
direction was 0.27 Nm, which is body mass proportional to 
the moment applied in human studies.25 Range of motion 
(ROM) was measured for each motion tested. Specimens 
were kept moist with normal saline throughout the testing 
protocol. Figure 1 depicts the testing apparatus.

Histologic Analysis
Histologic analysis was performed on 3 randomly desig-
nated animals in each of the 4 study groups in order to 
evaluate the maturity of bone induced by autograft plus PC 
versus autograft alone. This evaluation included assessment 
of callus constituents (bone, cartilage, fibrous tissue).

Specimens for decalcified sectioning were placed in 
buffered 10% formalin. After fixation, these specimens 
were decalcified in EDTA/HCL (ethylenediaminetet-
raacetic acid/hydrochloric acid) and embedded in par-

affin. Six-micron sections 
were stained with hema-
toxylin and eosin (H&E). 
Specimens for undecalci-
fied sectioning were dehy-
drated through graded etha-
nols, and cleared in toluene 
under vacuum and pressure 
on a Tissue Tek VIP 2000 
tissue processor (Global 
Medical Instrumentation 
[GMI], Ramsey, Minn). 
These specimens were then 
infiltrated with increasing 
concentrations of meth-
ylmethacrylate (MMA) 
and embedded in MMA. 
Five-micron-thick sections 
were stained with toluidine 
blue, pH 3.7. In addition, 
unstained 9-micron-thick 
sections were obtained for 

analysis of fluorescent labeling. Specimens from the decal-
cified and the undecalcified groups were then graded in 
blinded fashion according to the Huo/Friedlaender classi-
fication scheme,27 which histologically scores callus matu-
ration on a 1-to-10 scale based on the presence of fibrous 
tissue, cartilage, bone, and their respective intermediates.

results

Radiographic Analysis
Radiographically, 3 (7.5%) of 40 x-ray studies generated 
interobserver disagreement regarding presence of fusion.

In the 1.5-cm3 autograft-alone group, 4 animals were 
found to be radiographically fused, and 5 were found to 
be unfused; there was interobserver disagreement about 
1 animal. In the 3.0-cm3 autograft-alone group, 9 animals 
had a radiographic fusion, and 1 had a failure of fusion. 
In the 1.5-cm3 autograft-plus-PC group, 4 animals had a 
radiographic fusion, 4 had failure of fusion, and 1 was the 
subject of disagreement. In the 3.0-cm3 autograft-plus-PC 
group, 6 animals had a radiographic fusion, 3 had a failure 
of fusion, and 1 was the subject of interobserver disagree-
ment. Figures 2 and 3 depict a radiographically fused 
specimen and an unfused specimen, respectively.

 Biomechanical Testing
Results from biomechanical testing further characterized 
the fusion masses. Flexion, the direction of greatest motion 
for the rabbit lumbar spine, has been shown to be the best 
marker for fusion in our laboratory.24,25

Flexion ROM at the L5–L6 segment was characterized 
to be 12.38° (SD, 2.70°) by Grauer and colleagues,24 who 
later determined that fusion with autograft at this level 
decreased mean ROM to 2.34° (SD, 0.66°),25 with pseud-
arthrotic spines having mean flexion ROM of 6.28° (SD, 

Figure 1. Biomechanical test-
ing apparatus.

Figure 2. X-ray of postmortem 
specimen shows radiographic 
fusion.

Figure 3. X-ray of postmortem 
specimen shows radiographic 
nonunion.

Figure 4. Mean range of motion in flexion for explanted 
motion segments in each tested group shows a trend toward 
decreased motion both as the amount of bone graft is increased 
and, in particular, as platelet concentrate gel is added to the 
1.5-cm3 autograft group.
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1.23°). With these baseline parameters defined in the rabbit 
model, fusion in our study was defined a priori as 4° or less 
of flexion. Fusion ROM for flexion is shown graphically 
averaged for each group in the Table. For 1.5-cm3 autograft 
alone, 2 (29%) of 7 animals were biomechanically fused 
(mean flexion, 6.7°; SD, 3.7°); for 3.0-cm3 autograft alone, 
6 (86%) of 7 animals were fused (mean flexion, 3.4°; SD, 
1.0°); for 1.5-cm3 autograft plus PC, 4 (57%) of 7 animals 
were fused (mean flexion, 4.6°; SD, 2.6°); and, for 3.0-cm3 
autograft plus PC, 6 (86%) of 7 animals were fused (mean 
flexion, 3.5°; SD, 1.8°) (Figure 4).

There were no statistically significant differences between 
the groups. However, the 1.5-cm3 autograft-plus-PC group 
appeared to have a fusion rate twice that of the 1.5-cm3 
autograft-alone group (57% vs 29%, P = .06). Both 3.0-cm3 
autograft groups had biomechanical fusion rates of almost 
90%, making any possible differences nearly impossible 
to detect, and the magnitude of these differences of little 
clinical importance.

There was a 70% correlation between radiographic and 
biomechanical fusion rates—consistent with previous studies 
in which plain x-rays were found to have a limited role in 
defining fusion.28

Histologic Testing
Histologic sections were analyzed with several stain-
ing preparations. Toluidine blue staining highlighted the 
regions of calcification. Calcified islands were seen in 
the autograft fusion masses corresponding to the original 
grafting material. Low-magnification images are shown 
in Figures 5 and 6. Higher magnification toluidine blue 
and H&E staining further defined the fusion masses 
(Figure 6). Autograft fusion masses were characterized 
predominantly by cartilaginous tissue and small amounts 
of fibrous tissue between bone graft fragments. High 
magnification also revealed multinucleated cells around 
the bone graft fragments.

Individual Huo/Friedlaender histologic scores for tested 
specimens are listed in Figure 7. Mean scores were 4.3 (SD, 
2.9) for 1.5-cm3 autograft alone; 4.7 (SD, 2.5) for 3.0-cm3 
autograft alone; 5 (SD, 3.5) for 1.5-cm3 autograft plus PC; 
and 7.7 (SD, 0.6) for 3.0-cm3 autograft plus PC.

The intertransverse region of the 1.5-cm3 autograft-
alone specimens demonstrated moderate fibrous tissue. 
Despite endochondral bone formation around the decor-
ticated surfaces of the transverse processes, no bridg-
ing intertransverse callus was seen. This group had the 
lowest mean score on H&E stains (4.3; SD, 2.9). The 

1.5-cm3 autograft-plus-PC group (mean score, 5; SD, 
3.5) had calcified islands of bone and larger amounts of 
new bone formation resulting in qualitative differences 
in this group as compared with the 1.5-cm3 autograft-
alone group.

Calcified islands and bridging calcification were seen in 
both 3.0-cm3 autograft groups, but mean histologic scores on 
H&E stain were higher for the autograft-plus-PC group (7.7; 
SD, 0.6) than the autograft-alone group (4.7; SD, 2.5). Low- 
and high-power images are shown in Figures 5 and 6.

There were no significant inflammatory reactions appre-
ciated in any of the groups.

Calcein fluorescent staining confirmed active mineral-
ization fronts in the PC specimens. Active mineralization 
fronts were present to a lesser extent in the autograft-alone 
specimens.

There were no statistically significant differences in 
the groups’ histologic scores. However, there was a trend 
for mean scores to be higher for the autograft-plus-PC 
groups than for the autograft-alone groups, irrespective of 
volume of autograft used. In addition, qualitative review of 
the calcein-labeled sections revealed a trend toward more 
osteoblastic activity, vascular ingrowth, and a more robust 
front of calcification.

Statistical Analysis
One-way ANOVA was used to compare the 4 treatment 
groups’ flexibility ROM data, and the Wilcoxon test was used 
for correlations between radiographic fusion and biomechani-
cal fusion. For all tests, significance was set at P<.05.
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Figure 7. Biomechanical and histologic characterization of fusion 
site. Graph shows the general trend toward a higher fusion rate 
as the amount of bone graft is added and toward higher histo-
logic scores as platelet concentrate is added, irrespective of 
amount of bone graft.
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Table. Radiographic, Biomechanical, and Histologic Characterization of Fusion Site

                          Fusion Rate   Histologic Fusion
Autograft  Radiographic Biomechanical  (Huo/Friedlaender27 Score)

1.5 cm3  4/10 (40%) 2/7 (29%)  4.3 ± 2.9
1.5 cm3 + platelet concentrate 4/10 (40%) 4/7 (58%)  5.0 ± 3.5
3.0 cm3  9/10 (90%) 6/7 (86%)  4.7 ± 2.5
3.0 cm3 + platelet concentrate 6/10 (60%) 6/7 (86%)  7.7 ± 0.6
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discussion
As our understanding of the molecular biology of bone 
homeostasis and repair increases, our ability to favorably 
manipulate the healing response continues to improve. The 
goal is to provide the right factors in the ideal concentrations 
at the appropriate time, using the best medium or carrier. PC 
use is of molecular, clinical, and practical appeal. We now 
briefly examine each of these rationales.

Platelet Concentrate: Molecular Basis
The evidence to use PC is very encouraging on a molecular 
level. In all wound-healing responses, platelets quickly adhere 
to wound surfaces and degranulate, releasing many peptide 
growth factors, including PDGF, TGF-b, vascular endothelial 
growth factor (VEGF), fibroblast growth factor 2 (FGF-2), 
and others, into the fibrin network during coagulation in the 
wound.29 This entire process, through which an inflamma-
tory response initiates vascular proliferation, is necessary to 
provide the graft with access to nutrients and cells involved 
in repair. Therefore, it follows that modifiers of the inflamma-
tory response might alter bone graft incorporation.30

Growth Factors
PDGF is released from platelet degranulation during wound 
healing and is concentrated in PC.19 The effects of the PDGF 
class of molecules on bone formation have been described in 
many in vitro studies.31,32 PDGF has been found to be a pow-
erful chemotactic factor for osteoblasts in both rat and human 
tissue.33,34 PDGF has further been shown to be chemotactic 
to fibroblasts as well as monocytes and primitive mesenchy-
mal cells, and it has mitogenic activity through stimulation 
of DNA synthesis and cell replication.19 Collagen synthesis 
and protein synthesis are also stimulated by PDGF, but IGF-1 
is likely needed to moderate the effects.31 PDGF also seems 
to enhance the activity of BMPs in promoting cartilage and 
bone formation. Finally, demineralized bone matrix treated 
with PDGF and implanted in rat muscle showed an increase 
in calcium content and alkaline phosphatase activity.35

TGF-b is one of the growth factors initially released 
at wound sites. The TGF-b superfamily of polypeptides 
itself has been shown in vivo to stimulate bone forma-
tion and healing and collagen synthesis and increase the 
activity of osteoblasts, chondrocytes, and osteoclasts.16,31 
TGF-b has been extensively studied, particularly with 

regard to its influence on bone formation and the response 
of osteogenic cells to growth factor in vitro.16,36,37 TGF-b 
enhances bone formation when placed orthopically but is 
not osteoinductive and does not induce bone formation 
at heterotopic sites.38 More likely, TGF-b potentiates the 
effects of BMPs in bone formation.39 Systemic application 
of TGF-b was shown to stimulate osteoblast proliferation 
and increase bone matrix formation and bone remodeling 
in rabbit bone defects, and locally applied TGF-b has been 
shown to accelerate fracture healing in a dose-dependent 
manner.32 Both PDGF and TGF-b have mitogenic activity 
through stimulation of DNA synthesis and cell replication. 
TGF-b further promotes proliferation of mesenchymal 
cells,40,41 potentially increasing the pool of osteochondral 
progenitor cells. TGF-b also enhances the early stages 
of differentiation of both osteogenic cells40 and cartilage 
cells42 and thus may increase new bone formation through 
increased osteogenesis by committed osteoblasts, increased 
endochondral ossification by committed chondrocytes, or 
both. Finally, TGF-b may work in concert with other regu-
latory factors to enhance differentiation of chondrocytes 
in the endochondral pathway.16,43 More rapid osteogenesis 
would result in earlier bone remodeling and, ultimately, 
more lamellar bone.

Platelet Concentrate: Basic Science Evidence
Although there is a wealth of data supporting the notion that 
individual growth factors within platelets influence bone 
healing, there is limited (but convincing) evidence that PC 
brings these factors to the wound in a bioactive state. Kevy 
and colleagues44 characterized growth factor levels in PC 
using the same preparation technique used in our study. 
PDGF, TGF-b, and VEGF levels were all linearly correlated 
with PC. PC and assayed growth factors had a 3- to 6.5-fold 
increase in absolute levels when compared with a similar 
preparation of whole blood.

Using the same PC preparation used in our study, 
Haynesworth and colleagues45 found a direct effect of 
platelet-rich plasma releasate on purified human mesen-
chymal stem cells (hMSCs) and demonstrated that local 
application of PC causes migration of hMSCs to the wound 
site, followed by their massive replication. As the bioactive 
factors diffuse away from the fibrin scaffold, densely popu-
lated by hMSCs, the cells cease dividing and are primed 

E88   The American Journal of Orthopedics®

Figure 5. Low-power histologic results show bony ingrowth 
toward solid intertransverse fusion in 1.5-cm3 autograft plus 
platelet concentrate. Outlined segments represent trans-
verse processes.

Figure 6. Low-power histologic results show bony ingrowth 
toward solid intertransverse fusion in fibrous bridge without 
bony fusion mass. Outlined segments represent transverse 
processes.
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to respond to the endogenous inductive cues that stimulate 
differentiation. The local and transient activities of PC in 
this model of tissue repair were responsible for initiating 
and accelerating the natural healing cascade.

Siebrecht and colleagues46 added PC gel to a hydroxy-
apatite-coated bone chamber, found that the gel signifi-
cantly increased bony ingrowth into the chamber (vs the 
same chamber without PC gel), and suggested that PC 
enhances and may extend the applicability of bone graft 
substitutes. Our histology results support these claims. 
Although our scoring system did not reach statistical 
significance, the qualitative findings suggest there was an 
increased number of observable mature elements in speci-
mens with PC versus same-volume specimens without PC 
(Figure 7), suggesting that PC may have a role in advanc-
ing the healing process.

That an autologous source of concentrated growth factors 
has chemotactic and mitogenic activity lends further cre-
dence to the therapeutic role of PC in clinical orthopedics.

Platelet Concentrate:  
Clinical Experience

PC was first used as an autologous fibrin sealant in dural tears 
and burns as an alternative to allogeneic cryoprecipitate.47 
Oral and maxillofacial surgeons reported on using PC to min-
imize graft migration and shape in maxillary reconstruction. 
Marx48 reported that patients in whom PC gel was used had 
25% more bone in oral reconstructive surgery in comparison 
with patients in whom PC gel was not used.

In the only reported study of PC use in human spinal 
fusion, 19 patients underwent L5–S1 fusion with instru-
mentation.19 The investigators found a 100% fusion rate at 6 
months. However, 5 patients underwent repeat surgery, and 
the heterogeneous population lacked a control group.

The results of our study do not provide any statistically 
significant data to suggest that PC increases fusion rates 
in rabbits. We did find a trend toward higher fusion rates 
when the amount of bone graft was limited; the fusion rate 
of the 1.5-cm3 autograft-alone group appeared to double, 
from 29% to 57%, with the addition of PC (P = .06). As 
the fusion rate approached 90% in both 3.0-cm3 autograft 
groups, it became virtually impossible to detect any differ-
ence in fusion rates with and without PC.

Platelet Concentrate:  
Practical Rationale

There are several advantages in using PC over other bone 
graft substitutes. Platelets are readily available from the 
patient’s own blood. In addition, use of PC virtually elimi-
nates problems with immunogenicity or transmission of 
infection, as well as local or systemic side effects, because the 
source of the graft is the patient’s own blood.

Mechanical stability of the graft also has important 
implications for union rates. In 1993, investigators demon-
strated that a flexible sheet or putty of the same demineral-
ized bone matrix, as compared with the gel, resulted in a 
higher rate of bony union in the rabbit spine.47 Our findings 

at time of surgery confirmed that PC gel use decreased the 
migration potential of the graft and allowed for a more uni-
form distribution of graft.

Study Limitations
As we did not achieve statistical significance in demonstrat-
ing a benefit of adding PC gel to autologous bone graft, 
additional studies are needed before human application. With 
more animals being used in such studies, we suspect that a 
more powerful and valid result will be generated.

Another study limitation is that our use of flexibility 
testing contrasts with the well-described and popular use 
of pull-apart testing at certain centers. The rationale for 
pull-apart testing was based on long-bone fractures49; in 
the spine, however, pull-apart testing determines the stiff-
ness and physical strength of the masses but provides no 
information about physiologic motion.25 Grauer and col-
leagues24,25 established the baseline physiologic motions 
of multidirectional flexibility testing and found kinematic 
characteristics approximating those of the human lum-
bar spine and supporting use of this testing in evaluating 
changes in physiologic motion after posterolateral fusion. 
We believe that multidirectional flexibility testing more 
closely approximates the physiologic motions of the spine. 
In the literature, however, neither well-established method 
has emerged as superior to the other.

conclusions
PC is a readily available, nonrecombinant, nonimmunogenic 
source of bioactive and concentrated autologous growth fac-
tors. Previous studies have demonstrated that these growth 
factors directly affect bone growth and healing and enhance 
bone formation when applied independently or in combina-
tion in a PC. In this study, the 1.5-cm3 autograft-alone group 
had a 29% fusion rate by biomechanical testing, with an 
improving trend to 57% fusion when PC was added (P = .06). 
No appreciable difference was found between the 3.0-cm3 
groups (autograft only, autograft plus PC) with respect to the 
biomechanical parameters of fusion. Radiography was not 
useful in predicting fusion, as there was only a 70% correla-
tion between radiographically determined and biomechani-
cally determined fusions. Histologic evaluation of the fusion 
masses in all groups showed a trend toward increase osteo-
blastic activity, higher histologic scores, and a more robust 
active front of mineralization in the groups with PC added. 
This study provides preliminary evidence that PC directly 
affects the biology of spinal fusion, and consequently further 
study is warranted to determine the clinical utility of PC in the 
setting of lumbar arthrodesis.

authors’ disclosure stateMent
Funding for this study was provided by DePuy AcroMed. 
Sudha Kadiyala, PhD, wishes to note that he is an employ-
ee of DePuy Spine, a Johnson & Johnson Company, and 
he owns stock in Johnson & Johnson. The other authors 
report no actual or potential conflict of interest in relation 
to this article. 

    April 2008    E89



E86   The American Journal of Orthopedics®

Autologous Platelet Concentrate for Intertransverse Process Lumbar Fusion

references
1.  Boden SD, Schimandle JH, Hutton WC. Lumbar intertransverse process 

spine arthrodesis using a bovine-derived osteoinductive bone protein.  
J Bone Joint Surg Am. 1995;77(9):1404-1417.

2.  Laurie SW, Kaban LB, Mulliken JB, Murray JE. Donor site morbidity after 
harvesting rib and iliac bone. Plast Reconstr Surg. 1984;73(6):933-938.

3.  Younger EM, Chapman MW. Morbidity at bone graft donor sites. J Orthop 
Trauma. 1989;3(3):192-195.

4.  DePalma AF, Rothman RH. The nature of pseudarthrosis. Clin Orthop. 
1968;59:113-118.

5.  Eie N, Solgaard T, Kleppe H. The knee-elbow position in lumbar disc sur-
gery: a review of complications. Spine. 1983;8(8):897-900.

6.  Holmes R, Mooney V, Bucholz R, Tencer A. A coralline hydroxyapatite bone 
graft substitute. Clin Orthop. 1984;(188):252-262.

7.  Boden SD, Schimandle JH, Hutton WC. 1995 Volvo Award in basic scienc-
es. The use of an osteoinductive growth factor for lumbar spinal fusion. Part 
II: study of dose, carrier, and species. Spine. 1995;20(24):2633-2644.

8.  Schimandle JH, Boden SD, Hutton WC. Experimental spinal fusion with 
recombinant human bone morphogenetic protein-2 (rhBMP-2). Spine. 
1995;20(12):1326-1327.

9.  Zdeblick TA. A prospective, randomized study of lumbar fusion. Preliminary 
results. Spine. 1993;18(8):983-991.

10.  Bridwell KH, Sedgewick TA, O’Brien MF, Lenke LG, Baldus C. The role of 
fusion and instrumentation in the treatment of degenerative spondylolisthe-
sis with spinal stenosis. J Spinal Disord. 1993;6(6):461-472.

11.  Tejano NA, Puno R, Ignacio JM. The use of implantable direct current 
stimulation in multilevel spinal fusion without instrumentation. A prospec-
tive clinical and radiographic evaluation with long-term follow-up. Spine. 
1996;21(16):1904-1908.

12.  Bozic KJ, Glazer PA, Zurakonwski D, Simon BJ, Lipson SJ, Hayes WC. 
In vivo evaluation of coralline hydroxyapatite and direct current electrical 
stimulation in lumbar spinal fusion. Spine. 1999;24(20):2127-2133.

13.  Glazer PA, Heilmann MR, Lotz JC, Bradford DS. Use of ultrasound in spinal 
arthrodesis. A rabbit model. Spine. 1998;23(10):1142-1148.

14.  Aynaci O, Onder C, Piskin A, Ozoran Y. The effect of ultrasound on 
the healing of muscle-pediculated bone graft in spinal fusion. Spine. 
2002;27(14):1531-1535.

15.  Johnson EE, Urist MR, Finerman GAM. Bone morphogenetic protein aug-
mentation grafting of resistant femoral nonunions: a preliminary report. Clin 
Orthop. 1988;(230):257-265.

16.  Heckman JD, Ehler W, Brooks BP, et al. Bone morphogenetic protein 
but not transforming growth factor-b enhances bone formation in canine 
diaphyseal non-unions implanted with a biodegradable composite polymer. 
J Bone Joint Surg Am. 1999;81(12):1717-1729.

17.  Johnson EE, Urist MR, Finerman GAM. Resistant nonunions and partial or 
complete segmental defects of long bones: treatment with implants of a 
composite of human bone morphogenetic protein (BMP) and autolyzed, 
antigen-extracted, allogeneic (AAA) bone. Clin Orthop. 1992;(277):229-
237.

18.  Grauer JN, Patel TC. Erulkar JS, Troiano NW, Panjabi MM, Friedlaender 
GE. 2000 Young Investigator Research Award winner. Evaluation of  
OP-1 as a graft substitute for intertransverse process lumbar fusion. Spine. 
2001;26(2):127-133.

19.  Lowery GL, Kulkarni S, Pennisi AE. Use of autologous growth factors in 
lumbar spinal fusion. Bone. 1999;25(2 suppl):47S-50S.

20.  Friedlaender GE. Grand rounds lecture. Bone grafts: making choices. Yale 
University School of Medicine; 2000.

21.  Boden SD, Schimandle H, Hutton WC. An experimental lumbar intertrans-
verse process spinal fusion model: radiographic, histologic, and biome-
chanical healing characteristics. Spine. 1995;20(4):412-420.

22.  Feiertag MA, Boden SD, Schimandle JH, Norman JT. A rabbit model 
for nonunion of lumbar intertransverse process spine arthrodesis. Spine. 
1996;21(1):27-31.

23.  Boden SD, Schimandle JH, Hutton WC, Chen MI. 1995 Volvo Award in 
basic sciences. The use of an osteoinductive growth factor for lumbar spine 
fusion. Part 1: biology of spinal fusion. Spine. 1995;20(24):2626-2632.

24.  Grauer JN, Erulkar JS, Patel TC, Panjabi MM. Biomechanical evaluation of 
the New Zealand white rabbit lumbar spine: a physiologic characterization. 
Eur Spine J. 2000;9(3):250-255.

25.  Erulkar JS, Grauer JN, Patel TC, Panjabi MM. Flexibility analysis of 
posterolateral fusions in a New Zealand white rabbit model. Spine. 
2001;26(10):1125-1130.

26.  Kifune M, Panjabi MM, Arand M, Wen L. Fracture pattern and instability of 
thoracolumbar injuries. Eur Spine J. 1995;4(2):98-103.

27.  Huo MH, Troiano NW, Pelker RR, Gundberg CM, Friedlaender GE. The 
influence of ibuprofen on fracture repair: biomechanical, biochemical, 
histologic and histomorphometric parameters in rats. J Orthop Res. 
1991;9(3):383-390.

28.  Kant AP, Daum WJ, Dean SM, Uchida T. Evaluation of lumbar spine fusion: 
plain radiographs versus direct surgical exploration and observation. Spine. 
1995;20(21):2313-2317.

29.  Bauer TW, Muschler GF. Bone graft materials. Clin Orthop. 2000;(371):10-27.
30.  Rosen DM, Nathan R, Armstrong R, et al. Bone induction and transforming 

growth factor-beta. Ann N Y Acad Sci. 1990;593:98-106.
31.  Canalis E. Effect of growth factors on bone cell replication and differentia-

tion. Clin Orthop. 1985;(193):246-263.
32.  Kasperk CH, Wergedal JE, Mohan S, Long DL, Lau KH, Baylink DJ. 

Interactions of growth factors present in bone matrix with bone cells 
effects on DNA synthesis and alkaline phosphatase. Growth Factors. 
1990;3(2):147-158.

33.  Lind M, Schumacker B, Soballe K, Keller J, Melsen F, Bunger C. 
Transforming growth factor-beta enhances fracture healing in rabbit tibiae. 
Acta Orthop Scand. 1993;64(5):553-556.

34. Hughes FJ, Aubin JE, Heersche JN. Differential chemotactic responses 
of different populations of fetal rat calvaria cells to platelet-derived growth 
factor and transforming growth factor beta. Bone Miner. 1992;19(1):63-
74.

35.  Howes R, Bowness JM, Grotendorst GR, Martin GR, Reddi AH. Platelet-
derived growth factor enhances demineralized bone matrix-induced carti-
lage and bone formation. Calcif Tissue Int. 1988;42(1):34-38.

36.  Centrella M, Casinghino S, Ignotz R, McCarthy TL. Multiple regula-
tory effects by transforming growth factor-beta on type I collagen lev-
els in osteoblast-enriched cultures from fetal rat bone. Endocrinology. 
1992;131(6):2863-2872.

37.  Rickard DJ, Gowen M, MacDonald BR. Proliferative responses to estradiol, 
IL-1 alpha and TGF beta cells expressing alkaline phosphatase in human 
osteoblast-like cell cultures. Calcif Tissue Int. 1993;52(3):227-233.

38.  Centrella M, McCarthy TL, Canalis E. Platelet-derived growth factor enhanc-
es deoxyribonucleic acid and collagen synthesis in osteoblast-enriched cul-
tures from fetal rat parietal bone. Endocrinology. 1989;125(1):13-19.

39.  Lind M, Deleuran B, Thestrup-Pedersen K, Soballe K, Eriksen EF, Bunger 
C. Chemotaxis of human osteoblasts. Effects of osteotropic growth factors. 
APMIS. 1995;103(2):140-146.

40.  Caplan AI, Boyan BD. Endochondral bone formation: the lineage cascade. 
In: Hall BK, ed. Bone 8: Mechanisms of Bone Development and Growth. 
Boca Raton, FL: CRC Press; 1994:1-46.

41.  Boyan BD, Sylvia VL, Piorkowski G, et al. BMP-2 and TGF-[beta] induce 
chondrocytes in the endochondral pathway to become 1,25-(OH)2D3-
responsive [abstract]. J Bone Min Res. 1997;12(suppl 1):S308.

42.  Schwartz Z, Bonewald LF, Caulfield K, Brooks B, Boyan BD. Direct effects 
of transforming growth factor-beta on chondrocytes are modulated by 
vitamin D metabolites in a cell maturation-specific manner. Endocrinology. 
1993;132(4):1544-1552.

43.  Wrana JL, Maeno M, Hawrylshyn B, Yao KL, Sodek J. Differential effects 
of transforming growth factor-beta on the synthesis of extracellular matrix 
proteins by normal fetal rat calvarial bone cell populations. J Cell Biol. 
1988;106(3):915-924.

44. Kevy SV, Jacobson MS. An automated cost-effective methodology for the 
preparation of growth factor enriched platelet gel. Presented at: Fourth 
Annual Orthopedic Tissue Engineering Conference; 2000; Boston, MA.

45.  Haynesworth SE, Kadiyala S, Liang L, Bruder SP. Mitogenic stimulation of 
human mesenchymal stem cells by platelet releasate suggests a mecha-
nism for enhancement of bone repair by platelet concentrate. Trans 48th 
Annu Meeting Orthop Res Soc. 2002;27:462.

46.  Siebrecht MA, De Rooij PP, Arm DM, Olsson ML, Aspenberg P. Platelet con-
centrate increases bone ingrowth into porous hydroxyapatite. Orthopedics. 
2002;25(2):169-172.

47.  Hood AG, Hill AG, Reeder GD. A new physiologic glue with wound healing 
properties. Proc Am Acad Cardiovasc Perf. 1993;14:126.

48. Marx RE. Platelet-rich plasma: growth factor enhancement for bone grafts. 
Oral Surg Oral Med Oral Pathol Oral Maxillofac Surg. 1988;85(6):638-
646.

49.  Black J, Perdigon P, Brown N, Pollack SR. Stiffness and strength of fracture 
callus: relative rates of mechanical maturation as evaluated by a uniaxial tensile 
test. Clin Orthop. 1984;(182):278-288.

E90   The American Journal of Orthopedics®


