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Introduction

Calcium phosphate ceramic grafts are the most popular 
and widespread synthetic bone graft substitutes that are 
characterized by mineral structure similar to the inorganic 
phase of calcified tissues such as the biological apatite of 
human bone1. They are used alternatively instead of autografts 
and allografts. They come in the form of powder, pellets or 
mortar and possess only osteoconductive properties. As 
they are not osteoinductive on their own, calcium phosphate 
grafts can be augmented with bone marrow aspirate, bone 
morphogenetic proteins, or traditional bone autografts and 
allografts. The main representatives of calcium phosphate 
grafts are: 1) Hydroxyapatite [Ca

10
(PO

4
)

6
(OH)

2
; HA]  

2)Tricalcium phosphate α or β [Ca
3
(PO

4
)

2
] (TCP-α, TCP-β) 

3) Biphasic ceramic materials consisting of HA and TCP-β in 
specific proportions (biphasic calcium phosphates, BCP) and 
4) Graft combinations consisting of HA, TCP-β and dicalcium 
phosphate dihydrated (DCPD)2. Synthetic calcium phosphate 
ceramic materials are fully biocompatible grafts that do not 
elicit an immune or other toxic reaction of the host to the 
foreign body.

The porous structure of calcium phosphate grafts 
includes the micropores between the micro-crystals 
with dimensions less than 10 μm and the macropores 

with dimensions of 100-600 μm. The porous structure 
corresponds to an average of 30-45% of the ceramic 
material and determines its solidity. The whole process of 
manufacturing of synthetic ceramic materials determines 
both the mechanical and biological properties of these 
grafts. The osteoconductive characteristics of synthetic 
calcium phosphate grafts depend on the network of 
macropores and their size, the host osteogenetic potential, 
and the bone – graft interface. Osteoconductive implants 
allow osteogenesis both on the surface and inside of the 
graft thanks to the network of macropores and without the 
intervention of connective tissue.

Synthetic calcium phosphate grafts are not all 
characterized by the same solubility that determines the rate 
of biodegradation and bio-absorption over time. HA, whose 
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chemical composition is very close to the crystalline form of 
bone and with a calcium/phosphorus ratio of 1.67 has the 
lowest solubility. Its biodegradation and bio-absorption can 
last up to several years. TCP-β with a calcium/phosphorus 
ratio of 1.5 has a higher solubility and therefore its 
biodegradation and bio-absorption extends from a few 
months to 2-3 years. Biphasic grafts are characterized by 
a specific solubility and biodegradation and bio-absorption 
time depending on the ratio of HA and TCP-β with the most 
common ratio being 60-65% to 35-40% respectively.

Osteoconduction is a fundamental property of synthetic 
calcium phosphate grafts and is associated with their 
biodegradation and bio-absorption. As soon as they are 
implanted, they are in constant interaction with the host 
biological environment. As the micropores of the graft are 
flooded by the host biological fluids, the graft crystals are 
progressively disoluted, releasing calcium and that forms 
apatite crystals similar to the apatite of host bone. These 
crystals then react with the protein environment and 
collagen of the host bone. This is a process of calcification 
that will eventually lead to ossification. Simultaneously, 
host macrophages and osteoclasts partially degrade the 
graft, which is colonized by mesenchymal stem cells and 
osteogenetic cells using the macropores network and 
creating a medium rich in substrates for osteogenesis with 
the ultimate goal of new bone formation. If this degradation 
process is too fast, remaining debris may cause inflammatory 
reaction3.

Synthetic calcium phosphate grafts are fragile due to 
their porous structure. For this reason, synthetic ceramic 
materials should be applied with complementary internal 
fixation once the bone deficit imposes it. The mechanical 
strength of these grafts is gradually improved as the process 
of osteogenesis and osteointegration progresses. As solid 
fusion is the ultimate goal, interference with bone formation 
due to inadequate dissolution must be taken into account 
when considering the optimal graft for a patient.

Grafts in spinal surgery

In spinal surgery, autologous cancellous bone grafting, 
especially from iliac crest has been considered as the “gold 
standard” for spinal fusion4. Autologous bone grafts have 
the advantages of excellent fusion rates and time; however 
they are associated with increased operating time and 
donor-site morbidity5-7. The laminectomy-derived bone 
grafts solve the problem of donor-site morbidity, but as 
they are mostly cortical, they include fewer live cells and 
channels for vascularization8. On the other hand, allografts 
are abundant, they have no donor-site morbidity, but they 
have high immunogenicity and risk of disease transmission9. 
As a result, in order to avoid these drawbacks, alternative 
methods and techniques have been searched and calcium 
phosphate grafts have recently gained popularity. 

Hydroxyapatite

Synthetic HA can be produced from sea coral, with 
different porosities and pore diameters, in order to be used in 
bone grafting. Because of its rigidity, HA can function well as 
a structural graft. HA grafts are typically resorbed at a rate 
of 2% to 5% per year providing structural support for many 
years1. In spinal surgery, HA, like TCP-β, can be used as a 
graft extender, but it should be used in graft combinations 
because it does not possess any osteoinductive properties. 
Although HA has shown successful outcome in animal 
models10, HA has shown mixed results in clinical spinal 
fusion studies. 

Cervical spine

A prospective, randomized study by McConnell et al, 
showed that HA was structurally inferior to iliac crest bone 
for cervical interbody fusion, as it is associated with higher 
graft fragmentation rate11. A retrospective analysis of 45 
patients, who underwent anterior cervical discectomy and 
fusion, investigated the use of cancellous bone marrow and 
HA grafts. At a mean follow-up of 12 months, the fusion 
rates were similar between groups, while functional scores 
were higher in the HA group, suggesting that HA grafts are 
safe and efficient when used as a cage filler12. A case-series 
study by Yoshii et al examined the combination of HA with 
percutaneously harvested trephine chips, inserted into the 
intervertebral spaces of 51 patients who underwent anterior 
cervical discectomy and fusion. Outcomes were compared 
with the use of iliac crest bone grafts. Fusion rates were 
similar between the two groups, without any major collapse 
or fragmentation of the HA composite13. Good results, 
with anterior cervical fusion rates greater than 90%, were 
reported by level IV studies, suggesting that HA had similar 
radiological outcome with iliac crest bone grafts14-16.

Lumbar spine

A prospective and randomised clinical and radiological 
study investigated the outcome of posterior lumbar 
fusion with the use of HA, autologous bone graft or their 
combination. Authors found that the patients who had 
undergone posterior lumbar fusion with a graft consisting of 
HA, local bone, and bone marrow aspirate had significantly 
less operating time, blood loss, and pain in comparison to 
other graft combinations. Adequate fusion was achieved in 
all patients. HA was less successful when used with small 
amounts of local bone. Successful fusion required proper 
bone preparation4. At 1 year follow-up, the use of HA 
with local bone produced not statistically different results 
in comparison to autologous bone grafting in patients 
undergoing posterolateral lumbar interbody fusion, in 
terms of fusion rates and functional outcome scores17. 
A retrospective study by Kim et al, in 130 patients who 
had undergone posterior lumbar fusion, found that porous 
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HA bone chips when used in combination with local bone 
graft produced similar clinical and radiological results with 
iliac crest bone grafts18. A recent prospective, randomised, 
single-blinded study that included 48 patients undergoing 
transforaminal lumbar interbody fusion (TLIF), investigated 
the use of autologous bone grafts with the combination of 
HA and decompression-derived bone grafts. Fusion rates, 
complication rates and outcome were similar between the 
2 groups, suggesting that the investigated graft mixture 
can replace iliac crest grafts in lumbar spondylodesis19. HA 
with local bone grafts and bone marrow aspirate have led to 
a successful fusion in all patients treated with posterolateral 
fusion, in a retrospective study, with a 6-month follow-up20. 
When combined with demineralized bone matrix (DBM), 
HA produced similar fusion rates, in patients undergoing 
lumbar interbody fusion surgery, in comparison with 
the use of post-laminectomy acquired autologous bone 
graft21. Three other level IV studies also supported the use 
of HA as a successful option in posterior lumbar fusions 
when combined with other bone graft substitutes such as 
allograft and autograft22-24.

On the contrary, another case-control study, including 58 
patients who underwent PLIF, concluded that HA was only 
effective at augmenting autologous iliac cancellous bone 
graft but not laminectomy-derived bone, at 1-year follow-
up25. In order to find the optimal mixture ratio of HA plus iliac 
crest bone grafts, Yoo et al analyzed the fusion rate among 
88 patients undergoing minimally invasive transforaminal 
lumbar interbody fusion. Fusion rates increased according 
to the ratio of autologous bone graft, without any statistical 
significance26.

Scoliosis

A case series including 27 patients treated with posterior 
fusion for idiopathic adolescent scoliosis, concluded that 
HA was associated with solid fusion at an average follow-
up of 27 months27. How do these results compare to those 
previously published?

TCP-β

A histologic analysis was performed on a cohort of 
patients undergoing revision spinal fusion. Researchers 
observed that 40% of the removed tissue samples had 
capillary proliferation and collagen formation within the 
micropores along with bone formation on the graft surface 
and osseointegration into the native trabecular bone at 1 and 
18 months after implantation. Two weeks after implantation, 
removed grafts were infiltrated by osteoclast precursors, 
along with collagen and microvascular proliferation without 
any superficial bone deposition. Grafts removed between 12 
days and 3 years after implantation showed minimal bone 
deposition and cellular proliferation. Authors concluded that 
TCP-β has osteoconductive properties28. 

Cervical spine

A retrospective study by Yamagata et al included 55 
consecutive patients who underwent anterior cervical 
discectomy and fusion with titanium cages with the use of 
autologous iliac crest bone grafting and 45 consecutive 
patients with TCP-β grafting. With a minimum 2-year 
follow-up, there were no differences in fusion rates, 
neurological outcome and cage subsidence between the 
2 groups29. Anterior cervical fusion with interbody cages 
containing TCP-β is associated with successful fusion seen 
in all patients at 6 months follow-up30. For anterior cervical 
fusions, TCP-β compared to HA packed in cylindrical titanium 
cages, has proven to provide superior fusion rates, in 1-year 
follow-up31. In comparison to autologous bone grafts, TCP-β 
has good efficacy and satisfactory outcomes, for posterior 
cervical fusions32-33.

Lumbar spine

In 2006, Epstein et al, reported that 91% of 53 posterior 
lumbar fusion levels were successfully fused with a 1:1 
mixture of TCP-β and lamina autograft, in 12-months follow-
up. Only one case required secondary fusion3. A subsequent 
report by the same author found that TCP-β combined with 
autologous bone graft and bone marrow aspirate for non-
instrumented posterior lumbar fusion resulted in a 15% 
non-union rate in 60 patients at 2 years follow-up. Factors 
associated with non-union were older age, female sex and a 
past history of smoking34. More recently, the same research 
team reported that among 100 patients with lumbar spinal 
stenosis subjected to posterior lumbar fusion with the use 
of TCP-β combined with lamina autograft, fusion rate was 
96%. Non-union occurred only in smokers35. However, final 
conclusions are debatable, as there were no control groups. 

In a prospective, randomized clinical study, Dai and 
Jiang found equivalent self-reported outcome scores and 
fusion rates in 62 patients undergoing single-level PLIF with 
TCP-β and local autograft or iliac crest bone graft, after a 
3-year follow-up. Authors concluded that the use of TCP-β 
may eliminate the need of iliac crest bone harvesting36. A 
prospective study comparing the use of local bone with a 
mixture of local bone and TCP-β in posterior lumbar fusion 
found that local bone underwent earlier resorption and 
stabilization compared with the combination of TCP-β and 
local bone, after a 1-year follow-up37. Another prospective 
comparative study, by Yamada et al, included 61 patients 
undergoing instrumented posterolateral spinal fusion with 
combinations of TCP-β, iliac crest bone grafts and bone 
marrow aspirates that were placed on one side in all patients. 
Post-laminotomy autologous bone grafts were placed on the 
contralateral side as control. Fusion rates were significantly 
higher for the combination bone graft side than that for the 
local bone graft side, with a minimum follow-up of 1 year38. 
On the contrary, a case series including 34 patients using 
the combination of TCP-β and autologous bone marrow 
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aspirate for instrumented posterior lumbar interbody fusion, 
concluded that the use of β-TCP should be avoided due to 
high non-union rates39.

Scoliosis

TCP-β, has also been used in scoliosis correction. In 
1998, Ransford et al conducted a multi-center, prospective, 
randomised study comparing iliac crest bone graft and/or rib 
autograft with TCP-β in 341 patients undergoing posterior 
spinal fusion for idiopathic scoliosis. At a 18-months follow-
up, the autologous graft group had an 8% loss of correction 
compared with 3% in the TCP-β group, suggesting that TCP-β 
is a safe alternative for bone grafting in these patients40. 
Later, a prospective study compared iliac crest bone graft 
and local bone grafts with a combination of TCP-β and HA, in 
58 patients with idiopathic scoliosis that received posterior 
correction and fusion. Cases in the experimental group had 
lower blood loss and similar incorporation rates at a minimum 
of 2 years’ follow-up. Authors recommended the use of 
calcium phosphate ceramics in adolescents and young adults 
as young age favoured better healing41. Muschik et al found 
similar clinical and radiological results between patients who 
received combination of allograft and autograft and patients 
who received combination of TCP-β and autograft42. Another 
prospective, randomised, comparative study found that, 
after a 2-year follow-up, loss of curve correction was 2.6° in 
20 patients who received ultraporous TCP-β in comparison 
with 4.2° in 20 patients who received iliac crest bone graft. 
Authors stated that TCP-β is an effective bone substitute in 
scoliosis surgery43.

Conclusion

The advantages of calcium phosphate grafts in spinal 
surgery are large availability, relatively rigid structure, low 
immunogenicity and high biocompatibility. However, they 
contain no alive cells, no growth factors, no organic matrix 
and they are characterised by limited cortical stability and 
lack of osteogenic properties. Most studies have noticed 
that calcium phosphate grafts are efficient alternatives of 
autografts with similar fusion rates and functional outcome, 
in spinal fusion surgery. However, most of these studies are of 
low quality, lacking proper control groups. More prospective, 
randomised trials are needed in order to fully elucidate the 
optimal use of calcium phosphate grafts in spinal surgery.
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