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Abstract This report describes the histological charac-

teristics of large human bone defects that were implanted

with b-tricalcium phosphate (b-TCP). Samples were

obtained longer after the primary operation than in the

earlier studies. We assessed a total of nine biopsies taken

33–208 weeks after implantation. The tissue sections were

stained with hematoxylin–eosin for general observation,

with Gomori stain to visualize the reticulin fibers, and with

an antibody against tartrate-resistant alkaline phosphatase

(TRAP) to characterize the cells. Ongoing bone remodeling

was observed even 208 weeks after implantation as deter-

mined by the presence of osteoclasts and active osteoblasts

and new woven and lamellar bone. We observed multi-

nuclear giant cells phagocytosing the biomaterial and the

attachment of osteoclasts to the b-TCP. The osteoclasts

showed intense TRAP positivity, while the giant cells

showed variable TRAP positivity. There was a zonal pat-

tern in the original defects: The central regions showed

granules and fibrous septa, while peripheral areas showed a

layer of new bone formation. These data demonstrate

ongoing bone remodeling long after implantation in the

peripheral regions of the original defects as well as fibrous

changes in the central regions and phagocytosis of bio-

material by multinuclear giant cells.
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Bone remodeling � Calcium phosphate(s)

Introduction

A variety of biomaterials, including bioceramics, biopoly-

mers, metals, and composites, have been used to fill bone

defects. Numerous studies have demonstrated that porous

calcium phosphate bioceramics are very useful as synthetic

biomaterials due to their excellent biocompatibility and

their ability to bond to living bone. Hydroxyapatite, b-

tricalcium phosphate (b-TCP), and their derivates, alone or

in combination, are the most commonly used ceramic

materials in the clinical setting because of their chemical

similarity to the mineral makeup of human bones and teeth.

Radiography shows the implanted b-TCP to be well

incorporated into the surrounding bone with a resorption

rate that is dependent on the defect size. Aside from the

chemical composition, the microstructure (i.e., the volume,

density, and size of pores and the interconnections and

specific surface) also impacts the extent and rate of bone

penetration. However, histological studies of b-TCP used

in large human bone defects are limited. It is thought that

the material is at least partially resorbed and replaced by

newly formed bone around the implanted material early

after implantation, while bone formation becomes inactive

late after implantation.

The purpose of this study was to investigate the bone-

forming process around this ceramic bone graft material by

determining the histological characteristics of large bone

defects filled with b-TCP in seven patients.
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Materials and methods

Biomaterial

We have used interconnected b-TCP to repair bone defects

since 2002. This material (Poresorb-TCP�, Lasak Ltd.,

Prague, Czech Republic) has a porosity of 35 ± 5 %, an

average macropore size 100 lm in diameter, an average

micropore size of 3 ± 2 lm, and a 1,180 �C sintering

temperature. It comes in a granule form made up of

1.3 ± 0.7 mm particles and is manufactured to extraordi-

narily high purity.

Patients

We have treated some bone lesions by curettage and

implantation of b-TCP in our department since 2002. The

study group of b-TCP implant patients included 91

patients; of these, we harvested a tissue sample from the

original region of the defect that was filled by ceramic

biomaterial from seven patients. Five of seven patients

were children. Three biopsies were taken for histological

examination during repeated surgeries performed on one

patient, and one biopsy was taken from each of the other

six patients. Thus, we assessed a total of nine biopsies. The

age of the patients at the time of surgery ranged from 7 to

60 years. The reasons for histological evaluation of the

implanted bioceramics were as follows: removal of the

osteosynthetic material (5), surgery for tumor recurrence

(2), osteosynthesis of pathologic fracture in the previously

filled defect (1), and additional wide excision (1). The

project was approved by the Ethics Committee of our

University Hospital.

Sample preparation

The tissue specimens were fixed in 10 % neutral-buffered

formalin, decalcified in 5 % formic acid, and embedded in

paraffin. Paraffin sections (4 lm) were used for the histo-

logical and immunohistochemical studies. For light

microscopy, sections were stained with hematoxylin and

eosin (HE), while Gomori stain was used to visualize the

reticulin fibers.

The immunohistochemistry was performed using a

Ventana BenchMark ULTRA Advanced Staining System

(Ventana Medical Systems, Inc., USA) with the UltraView

Universal DAB Detection Kit after heat-induced epitope

retrieval at 95 �C in cell-conditioning medium CC1 for

64 min. This was followed by a 32-minute incubation with

primary antibody (mouse monoclonal CD68 antibody,

clone PG-M1, DAKO, dilution 1:50) at 37 �C. In addition,

tissue sections were stained with antibody against tartrate-

resistant alkaline phosphatase (TRAP). The tissue sections

were incubated for 10 min in the histoprocessor (for pH 6

pretreatment). The antibody (TRAP, Abcam, dilution

1:750) was incubated at room temperature for 30 min, and

the reaction was visualized using the EnVision Peroxidase

Kit (DAKO, Glostrup, Denmark).

Results

Data for the clinical cases described in this report are

summarized in Table 1.

Case 1 (47-year-old female; biopsy taken 33 weeks

after implantation)

The preoperative (CT scan imaging) and intraoperative

(frozen section) diagnosis of this patient was a benign bone

tumor of the distal femur. The patient underwent curettage

and b-TCP filling. Two weeks later, a revision operation

was performed due to restricted motion of the knee, pain,

and synovitis. The intraoperative finding was leak of the b-

TCP particles into the joint space. The final histological

diagnosis was low-grade chondrosarcoma (grade I);

33 weeks after the first operation, wide resection and

prosthetic replacement of the knee were performed. The

entire femoral condyle with the original bone defect (size,

25 9 30 mm) was available for histological examination.

A striking zonal pattern was present (Fig. 1). The central

region comprised sheets of colorless birefringent granules

of biomaterial separated by hypocellular fibrous septa.

These septa sometimes contained small thin-walled blood

vessels. The central region was surrounded by a zone of

new bone formation around the biomaterial granules.

Moreover, numerous foreign body multinuclear giant cells

were associated with the b-TCP granules. No fibrosis or

edema was observed in the surrounding bone; these were

only seen proximal to the defect where widening of the

bone trabeculae was associated with mildly sclerotic bone.

Case 2 (15-year-old male, biopsy taken 40 weeks

after implantation)

The final diagnosis was recurrence of unicameral bone cyst

on the proximal femur. The patient underwent curettage

and grafting with a mixture of b-TCP and autogenous bone

chips from the iliac crest. Additional metal plate osteo-

synthesis was performed. The osteosynthetic material was

removed 40 weeks later, and tissue from the original defect

was obtained at this time. Histologically, one half of the

specimen was composed of nodular aggregates of empty

spaces (where biomaterial was dissolved during tissue

processing) that were separated by hypocellular fibrous

septa. In the other half of the specimen, there was focal
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Fig. 1 a A radiograph of the bone specimen from case 1: The entire

femoral condyle is visible with the defect filled with b-TCP granules

in direct contact with bone trabeculae after resection. b A macro-

scopic view of the specimen used for histological assessment. The

central region was filled by b-TCP and surrounded by new bone

(arrow). c Histotopogram. HE staining. There was a zonal pattern of

tissue reaction: The central region of the filled defect showed granules

and fibrous septa (black arrow), while the peripheral region showed a

layer of new bone formation (white arrow)

Table 1 Summary of clinical findings

Case
no.

Age
(years)

Sex Final diagnosis Location and tumor size Amount of
ceramic used
(g)

Interval to
biopsy
(weeks)

Reason for surgery

1 47 F Low-grade
chondrosarcoma

Distal femur
40 9 40 9 40 mm

20 33 Wide resection

2 15 M Recurrence
of unicameral bone cyst

Proximal femur
140 9 35 9 30 mm

66 ? autografts 40 Removal of osteosynthetic
material

3 7 F Fibrous dysplasia Proximal femur
45 9 35 9 30 mm

14 50 Recurrence

53 Fracture

106 Removal of osteosynthetic
material

4 60 F Compression fracture Proximal tibia
30 9 30 9 15 mm

12 53 Removal of osteosynthetic
material

5 13 M Nonossifying fibroma Proximal tibia
40 9 30 9 20 mm

4 61 Removal of osteosynthetic
material

6 17 M Bone cyst in
neurofibromatosis

Proximal tibia
85 9 125 9 30 mm

30 75 Removal of osteosynthetic
material

7 11 M Unicameral bone cyst Proximal femur
44 9 27 9 25 mm

25 208 Recurrence
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formation of new woven and lamellar bone that was

associated with the biomaterial (Fig. 2).

Case 3 (7-year-old female, biopsies taken 50, 53,

and 106 weeks after implantation)

This patient suffered from fibrous dysplasia of the proximal

femur. She underwent curettage and b-TCP implantation,

and additional osteosynthesis with a plate was performed.

Surgery due to recurrence was indicated 50 weeks later.

The plate was removed and new curettage and b-TCP

grafting was performed. Some tissue was removed and

subjected to histological examination. Histological analysis

showed sheets of biomaterial surrounded by foreign body

multinuclear giant cells, foamy macrophages, and irregular

foci of osteoid and woven bone. Three weeks later, the

patient sustained a fracture of the proximal femur. Osteo-

synthesis was necessary with grafting using autogenous

bone from the iliac crest. At this time, another tissue

sample was acquired for histological examination. We

observed necrotic tissue, fibrin, and granules of birefringent

biomaterial. The plate was removed 53 weeks later

(106 weeks after the first operation), and again a tissue

sample was obtained from the original defect. We observed

lamellar bone covered by periosteum. There were a few

granules of biomaterial in the adjacent bone marrow.

Case 4 (60-year-old female, biopsy taken 53 weeks

after implantation)

This patient sustained a fracture in the proximal region of

the tibia. Osteosynthesis was performed with a metal plate

and b-TCP implantation in the bone defect in the

metaphysis. The plate was removed 53 weeks later, and a

sample of tissue from the original defect was obtained.

Histological analysis showed granules of biomaterial with

newly formed woven and lamellar bone on their surface. In

addition, there were fragments of dense fibrous tissue that

probably represented periosteum. Scattered chronic lym-

phocytic infiltrates and multinucleated giant cells were

observed around the biomaterial.

Case 5 (13-year-old male, biopsy taken 61 weeks

after implantation)

The final diagnosis was pathologic fracture of the proxi-

mal tibia at the focus of a fibrous cortical defect. A tissue

sample was obtained when the osteosynthetic material

was removed 61 weeks after the original surgery. Histo-

logical analysis showed irregular broad bone trabeculae.

The intertrabecular space contained fibrous tissue with

numerous foamy histiocytes and granules of biomaterial

surrounded by multinucleated giant cells. Newly formed

bone tissue was present in association with the biomate-

rial, which was focally entrapped within the trabeculae of

new bone.

Case 6 (17-year-old male, biopsy taken 75 weeks

after implantation)

The final diagnosis for case 6 was neurofibromatosis.

Curettage, b-TCP grafting, and additional metal plate

osteosynthesis of the cyst were performed in the tibia. The

plate was removed 75 weeks later, and a sample of tissue

was harvested at that time. Histological analysis showed

trabeculae of the lamellar bone and fibrosis of the intert-

rabecular space. There were empty areas in which the

biomaterial had been dissolved during sample processing.

These spaces were surrounded by multinucleated giant

cells, and the surface of some of these spaces showed foci

of newly formed bone (Fig. 3). Cortical bone covered by

periosteum was observed as well.

Case 7 (11-year-old male, biopsy taken 208 weeks

after implantation)

This patient suffered from a unicameral bone cyst in the

proximal femur. Curettage and b-TCP filling were per-

formed, but surgery for cyst recurrence was indicated

208 weeks later. A tissue sample was obtained during the

surgery. Histological analysis showed spongeous bone, and

there was an area measuring 6 mm in diameter that was

composed of coarsely granular biomaterial. In the central

region, the biomaterial was surrounded by fibrous tissue. In

the periphery, focal new bone formation was seen in

association with the biomaterial. In addition, scattered

Fig. 2 In this biopsy from case 2, the biomaterial is surrounded by

new woven bone (black arrow) and lamellar bone (white arrow). The

b-TCP was dissolved during the processing of the sample, and fibrous

septa are visible in the central region Gomori staining; magnification

9200
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multinucleated giant cells were observed engulfing the

biomaterial granules.

Notably, histological examination of all of the biopsies

showed similar patterns. The central regions of the original

defects were composed of granules of the b-TCP bioma-

terial separated by fibrous septa. These were not avascular

zones; rather, some blood vessels were seen in these

hypocellular tissues (Fig. 4).

Active new bone formation was observed in the

peripheral regions of the original defects on the surface of

the biomaterial. Woven and lamellar bone with osteoblasts

and osteocytes was also seen (note the focal bone growth).

Fig. 5 shows the new bone formation with osteoblasts and

osteoclasts attached to the biomaterial. In contrast to the

multinuclear giant cells, which were engulfing the bioma-

terial (Fig. 6), we did not observe osteoclasts engulfing the

biomaterial.

All samples were examined for TRAP positivity. All

biopsies showed that the osteoclasts and multinucleated

giant cells in contact with the biomaterial expressed TRAP.

In general, TRAP positivity was stronger in true osteoclasts

and less intense and more heterogeneous in the giant cells,

but occasionally TRAP expression in giant cells was as

intense as in osteoclasts (Fig. 7). The foamy macrophages

were TRAP negative. Three types of cells showed CD68

positivity: osteoclasts, multinucleated giant cells, and

foamy macrophages.

Discussion

b-tricalcium phosphate is a widely used synthetic bone

graft substitute [1], and its stoichiometry is similar to that

of the amorphous precursors to bone mineral. b-TCP has

excellent osteoconductive activity, and it is a porous re-

sorbable biomaterial with the potential to be replaced by

mature new bone. At present, there are many versions of b-

TCP that differ in their porosity, shape, and size. Even

though the chemical composition is the same, these other

properties can influence the growth and proliferation of

mesenchymal and endothelial cells and, consequently,

affect the formation of new bone [2].

Bioresorption of b-TCP and concomitant bone forma-

tion has been demonstrated in animal studies that have

included histologic assessment of bone samples [3–6]. A

Fig. 3 New bone formation around the biomaterial in the biopsy

from case 6. Lamellar bone with osteocytes and a rim of active

osteoblasts on the surface (arrow) can be seen. HE staining;

magnification 9200

Fig. 4 Fibrous septa containing blood vessels (arrow) among the b-

TCP granules in the central region of the original defect in the biopsy

from case 1. HE staining; magnification 9200

Fig. 5 Biopsy from case 1. Active cell-based resorption was

demonstrated by osteoclast attachment to the biomaterial (white

arrow). Active bone remodeling was demonstrated by osteocytes

within the new bone around the b-TCP and by active osteoblasts on

the surface of lamellar new bone (black arrow). HE staining;

magnification 9400
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limitation of these studies is the size of the experimental

defects. The volume of the experimentally induced bone

defects depends on the type of animal, but most defects are

in the range of 0.1–3 cm3 [7–9]. Furthermore, additional

factors impact bone healing in experimental studies: the

healing time may depend on the species and age of the

animal, for example, and bone healing may be different in

animals than in humans (e.g., the enchondral ossification

that occurs in mice and rats) [10]. However, in human

medicine, the bone defects are larger, often in the range of

0.4–173 cm3 [11, 12], and the studies often focus on

radiological evaluation of the healing of bone defects.

There are just a few reports about the histological analysis

of the healing of large bone defects filled with b-TCP in

human bones [13–17]. In this study, we conducted a his-

tological assessment of samples that were obtained longer

after the primary operation than in the earlier studies. This

enabled us to evaluate the healing process in the peripheral

and central regions of the defect, to investigate the reaction

of the host tissue to the graft, and to look for signs of

angiogenesis.

We observed direct new bone formation and bonding to

b-TCP in the biopsies we examined. Most of the surface of

the b-TCP in all of the samples was covered with immature

woven and lamellar bone. Surprisingly, osteoblasts and

osteocytes were present even 208 weeks (over 4 years)

after grafting. There was no inflammatory reaction around

the b-TCP particles, and we did not observe fibrous cap-

sules forming around the b-TCP either. These findings

demonstrated the satisfactory biocompatibility of this bio-

material. The reliable biocompatibility and osteoconduc-

tivity of b-TCP are due to its surface characteristics;

importantly, b-TCP can absorb an appropriate spectrum of

proteins and allows ion exchange to occur [18–21]. Two

interesting findings of this study were that permanent bone

formation occurred on the surface of b-TCP and that

remodeling occurred 208 weeks after implantation. In

addition, we observed the formation of new periosteum in

some places.

b-tricalcium phosphate is a resorbable bone graft sub-

stitute. Relatively little is known about the mechanism of

resorption, but a combination of dissolution and enzymatic

and phagocytic processes seems to be involved [22]. It is

difficult to evaluate dissolution. The finding of empty

spaces by microscopic examinations is rather due to dis-

solution of the b-TCP during sample preparation than to

dissolution in vivo. We did observe giant cells and osteo-

clasts that seemed to be resorbing the biomaterial, but

rather than engulfing the biomaterial, the osteoclasts may

have been involved in enzymatic processes that contributed

to resorption. One unanswered question remains: What role

do osteoclasts play in remodeling the biomaterial once

osteogenesis begins? One report suggests that osteoclasts

remodel only the hydroxycarbonate apatite layer [23].

The role of the multinucleated giant cells remains

unclear. Chazono et al. [4] observed these cells in resorp-

tive lacunae in rabbit experiments. The appearance of

Fig. 6 Biopsy from case 6. Multinucleated cells with engulfed

biomaterial (arrows) were seen even 75 weeks after grafting. HE

staining; magnification 9400

Fig. 7 a Biopsy from case 1. Giant cells showed variable TRAP

positivity (arrows); these cells were larger and had many more nuclei

than osteoclasts. TRAP staining; magnification, 9200. b Biopsy from

case 4. Intense TRAP positivity in an osteoclast (arrow) localized to

the lamellar bone surface. TRAP staining; magnification 9400
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TRAP-positive multinucleated cells was followed by new

bone formation, and the authors hypothesized that this

indicated cell-based resorption of b-TCP. These results

from animal experiments were confirmed by Ogose et al.

[14] in humans early after b-TCP implantation.

It is difficult to distinguish between foreign body giant

cells and osteoclasts by histologic examination. Ogose

et al. used positive TRAP, CD68, and cathepsin K reac-

tions to indicate the osteoclast-like nature of multinucle-

ated giant cells in the tissue around the filling material.

However, the foreign body giant cells were also positive

for TRAP and CD68 [24, 25]. In this study, we observed

numerous giant cells in the tissue surrounding the granules

of b-TCP. We tried to distinguish between osteoclasts and

foreign body multinuclear giant cells. Both types of cells

expressed TRAP; notably, in true osteoclasts, the TRAP

positivity was generally stronger. This is a rather nonspe-

cific sign, however. It is possible to distinguish between

osteoclasts and multinuclear giant cells on the basis of their

structural characteristics. Multinucleated giant cells are

larger and have more nuclei than osteoclasts (8–10 nuclei

compared to 3–4 nuclei, respectively), and multinucleated

giant cells engulf pieces of biomaterial. Multinucleated

giant cells are induced by the fusion of macrophages, a

process that is dependent on the surface characteristics of

the biomaterial [26]. These cells release many factors that

mediate biomaterial degradation and can produce acid

phosphatases and osteoclast cell markers as well [25]. This

could be why these two cell types show similar TRAP

positivity. Ghanaati et al. [27] proposed that a simple

change in material dimensions, e.g., in the shape, size, or

porosity, could also change the multinucleated giant cells

response. Interestingly, multinucleated giant cells produce

vascular endothelial growth factor (VEGF) [27], which

may mean these cells react to foreign bodies. It may be

desirable to look for biomaterials with particular shape and

size characteristics that induce multinucleated giant cells to

release pro-angiogenesis factors. Even though the role of

these cells is unclear, we can conclude that both cell types

(osteoclasts and multinucleated giant cells) contribute to

the cell-based degradation of b-TCP. Since this process is

active even 208 week after grafting, cell-based degradation

is probably more important than the dissolution process in

terms of removing b-TCP from the bone.

In one case, we observed numerous foamy histiocytes,

although their role in the graft was not clear. However,

their presence may have been related to the original diag-

nosis of nonossifying fibroma.

The quality of new bone formation and the quality of the

remodeling process in the bone defect depend on both the

properties of the biomaterial and on the size of the defect.

In this study, we harvested samples up to 208 weeks after

implantation. We evaluated biomaterial resorption and new

bone formation in cross sections of the original bone defect

and compared the processes in the peripheral and central

regions. In general, the peripheral regions of the original

defects clearly showed new bone formation, while the

central regions showed different amounts of b-TCP sepa-

rated by sheets of hypocellular connective tissue. Similar

results were shown by Hirata et al. [28]. The distance from

the peripheral to the central region of the defect affects

oxygen and nutrient diffusion, which may be critical in

new bone formation. In trabecular bone, oxygen must

generally diffuse 40 to 200 lm between the capillary

lumen and the cell membrane. This diffusion distance is

critical to maintaining the balance between oxygen deliv-

ery to a site and consumption of oxygen by cells [29, 30].

In most defects seen in our clinical practice, the diffusion

distance for oxygen from the edge of the defect to the

center is greater than 10 mm, which is over 100-fold

greater than the normal diffusion distance. In this context,

limited diffusion creates a zone in the center of the defect

where new bone formation is not possible and only con-

nective tissue is present. In the seven cases presented here,

these connective tissue formations were observed in the

central zones. When the cavity was small, it was com-

pletely filled by bone, but when the defect was larger, it

was not completely filled by bone. However, there was no

necrotic tissue present, and there were some dispersed

vessels in the fibrous septa. Nevertheless, this angiogenesis

is too slow to enable osteogenesis. Our goal in the future is

to improve the conditions in the center of the defect to

better promote new bone formation. In the peripheral

region of the original defect, active new bone formation,

remodeling, and lamellar bone were observed despite the

presence of nonresorbed biomaterial. The process of

remodeling was not finished even 208 weeks after grafting,

as we observed osteoblasts forming bone tissue and

osteoclasts and multinuclear giant cells engulfing pieces of

biomaterial.

Our observations confirmed that the physical and

chemical properties of b-TCP make it suitable for use in

bone grafts. We did not observe any adverse reactions to

this material, such as necrosis or a severe inflammatory

response. There was one exception, which was synovialitis

of the knee due to leakage of the b-TCP particles into the

joint space from the bone defect. Granule size and mor-

phology, including macropore and micropore size and

porosity, are generally more important for new bone

ingrowth. Furthermore, Kasten et al. [31] demonstrated that

the size of the pores and their interconnections are more

important than the total porosity of the biomaterial. Galois

and Mainard reviewed the literature to investigate what

pore size was optimal for bone ingrowth. They concluded

that a pore size of 80–250 lm may be the most suitable

[32]. Ghanaati et al. [27] reported that high porosity
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induces faster cell and connective tissue ingrowth within

the granules and concluded that the optimal porosity was

about 80 % and the optimal pore size was \500 lm.

Materials with lower porosity only allow fine reticular

connective tissue to penetrate, meaning that new bone

formation foci are present adjacent to the biomaterial,

separated by fine connective tissue and forming mosaic-

like structures [27]. We saw something similar in our

study, and the biomaterial we used had a porosity of

35 ± 5 % and an average macropore size of 100 lm in

diameter. In all cases, histological assessment revealed

similar mosaic-like patterns. Nevertheless, Lu et al. [22]

reported that dissolution and cell-based phagocytic pro-

cesses that occur after implantation can effectively enlarge

the pore size due to degradation of the biomaterial. It is

unclear whether the pores enlarge fast enough to enable

better osteogenesis. Lower porosity may be responsible for

lingering resorption of this biomaterial. In all cases, we saw

some nonresorbed material months or even years after

implantation; thus, this material can act somewhat as a

place holder.

Conclusions

Here, we performed histological examinations of biopsies

from 7 patients in whom b-TCP was implanted to treat

bone defects. We were able to observe specific histological

and biochemical activity around the biomaterial. Notably,

there were no histological signs of inflammatory reactions

around the implanted b-TCP in any of the samples we

examined, although mildly sclerotic bone was observed

near the defect (widening of the bone trabeculae in biop-

sies). Osteoblasts and extracellular matrix with collagen

fibrils lined the border between b-TCP and the host bone,

and new woven and lamellar bone formation was observed

as well. The presence of multinuclear giant cells engulfing

the biomaterial and osteoclasts attached to the biomaterial

confirmed b-TCP bioresorption via phagocytosis and

enzymatic activity. This process was relatively slow. In

fact, despite the bioresorbable nature of b-TCP, granules of

this biomaterial were observed even 208 weeks after

implantation. It was impossible to distinguish the foreign

body giant cells from osteoclasts with any certainty using

TRAP and CD68 immunoreactivity. However, there were

differences in the level of TRAP positivity and in the

structural characteristics of these cells. Depending on the

size of the defect, new bone formation in the peripheral

regions of the original defects was easy to see, while in the

central regions, b-TCP granules were separated by sheets

of hypocellular connective tissue. Nevertheless, the for-

mation of new bone created mosaic-like structures in which

isles of new bone were surrounded by fine fibrous tissue.

Although this report involved just 7 patients and the

histological examination of just 9 biopsies, we note that

there are few other published reports that provide detailed

information about the healing course of human bone

defects filled with synthetic ceramic material. The

descriptions of these cases may thus be useful to others

seeking to use b-TCP for this purpose.
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