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1. General Details 

Device Name: adbone®TCP 

Common Names: Synthetic Bone Graft 

2. Objective 

This clinical evaluation study is performed in order to: 

A. Evaluate the safety and performance of adbone®TCP device with respect to the intended use of the 

device as a bone graft. 

B. Identify and discuss any literature data on synthetic bone graft substitute, based on the same 

composition and application of adbone®TCP, that support the clinical safety and performance claims 

of the product. 

C. Identify the clinical benefits and foreseeable risks associated with the use of adbone®TCP and if any 

risks are identified, evaluate if the risks are acceptable when weighed against the benefits to the 

patient.  

D. Evaluate if the clinical evidence demonstrates conformity with relevant Essential Requirements. 

3. Scope of the Literature Search 

The literature search has focused on identifying relevant evidence about the clinical safety and performance 

of devices analogous to adbone®TCP through the literature equivalence route. The literature equivalence 

route was chosen since beta-tricalcium phosphates have been widely studied, documented and used as bone 

grafts for over 40 years. Also, adbone®TCP has been manufactured and distributed by Medbone for 6 years 

and does not bring any novelty to the market. The scope of literature searched included research articles from 

discipline-specific journals, such as journals specialized in oral, maxillofacial and orthopedic surgeries. Journals 

dedicated to the science of materials were also included in the search due to their relevance to the topic. The 

focus of the literature search was on research articles where the benefits and the risks associated to the use 

of bone substitutes similar to adbone®TCP were assessed in patients in the course of specific surgical 

procedures. 

4. Methods 

▪ Date of search: From 29-05-2016 to 31-05-2016 
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▪ Name of person undertaking the literature search: Filipa Pereira 

▪ Period cover by search: No date restriction was applied 

▪ Literature sources used to identify data: Potentially relevant literature was identified through 

searches in the following databases: MEDLINE®/PubMed®, Wiley Online Library and Springer Link. 

5. Database Search Details 

▪ For MEDLINE®/PubMed®, the search query was to identify each article with the title/abstract containing 

"(beta-tricalcium phosphate ceramic) OR (beta-tricalcium phosphate as bone substitute) OR (beta-

tricalcium phosphate blocks) OR (beta-tcp surgical) OR (porous beta-tricalcium phosphate ceramic) OR 

(beta-tricalcium phosphate filling defects) OR (beta-tricalcium phosphate granules)”. The filter 

“Language” was used to exclude results written in languages others than English. The string “NOT all 

fields: (cell) NOT all fields: (animal) AND all fields: (clinical)” was used to further limit the search results 

clinical research studies and to eliminate results associated with animals and in vitro studies. The articles 

retrieved were then analyzed (title, abstract and full text in case of need) by the reviewer, and selected 

or excluded according to the pre-established criteria.  

▪ For Wiley Online Library, the search query was defined to identify articles with the abstract containing 

"(beta-tricalcium phosphate ceramic) OR (beta-tricalcium phosphate as bone substitute) OR (beta-

tricalcium phosphate blocks) OR (beta-tcp surgical) OR (porous beta-tricalcium phosphate ceramic) OR 

(beta-tricalcium phosphate filling defects) OR (beta-tricalcium phosphate granules)” with the filter 

“Journals”. The query “NOT all fields: (cell) NOT all fields: (animal) AND all fields: (clinical)”, was also used 

to narrow the results. The articles retrieved were subsequently selected or excluded by the reviewer. 

▪ For Springer Link, the search was defined to identify articles which contain "(beta-tricalcium phosphate 

ceramic) OR (beta-tricalcium phosphate as bone substitute) OR (beta-tricalcium phosphate blocks) OR 

(beta-tcp surgical) OR (porous beta-tricalcium phosphate ceramic) OR (beta-tricalcium phosphate filling 

defects) OR (beta-tricalcium phosphate granules)”. All the articles retrieved were analyzed (title, abstract 

and full text in case of need) by the reviewer, and selected or excluded according to the criteria. 

▪ The data base search strategy was conducted in accordance with the requirements of MEDDEV 2.7.1 

rev 3. 

6. Selection/Criteria to be applied to published literature 

Titles and abstracts were screened and only articles that meet the following criteria were considered eligible: 

A. Articles published on recognized, scientific journals specialized in areas relevant to the matter, namely, 

journals specialized in oral, maxillofacial and orthopedic surgery, science of materials, and related 

topics. 
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B. Articles that report the use of synthetic bone substitutes composed of beta tricalcium phosphate in 

clinical trials, which have identical technical, biological and clinical equivalence of the bone graft 

substitute reported in the scope of this evaluation. The safety and performance of beta tricalcium 

phosphate reported in the published clinical trials will be evaluated in order to find a biological, clinical 

and technical equivalence.  

The exclusion criteria were: 

A. Articles that did not have any mention to bone graft or related topics. 

B. Articles reporting the use of synthetic bone graft substitutes with no technical, biological and clinical 

equivalence to adbone®TCP. 

C. Articles reporting the performance and clinical safety of synthetic bone graft substitutes through 

animal studies or through in vitro studies. 

D. Articles focused on the manufacturing methods and/or on the determination of the mechanical 

properties. 

E. Review articles, books, lab protocols, posters, etc. addressing the matter under consideration. 

F. Articles reporting the Influence of external factors in the performance of the synthetic bone graft. 

G. Articles published in languages other than English. 

The reference management software Mendeley was used to avoid the duplication of data. This citation 

manager automatically identifies duplicates among imported references, which can subsequently deleted.  

7. Outputs 

The initial literature search in the databases MEDLINE®/PubMed®, Wiley Online Library and Springer Link 

resulted in 460 outputs. After the elimination of the duplicated outputs, were obtained 441 outputs. 
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8. Screening and Selection of the Relevant Literature 

 

 

9. Context of the Evaluation and Choice of Clinical Data Types 

Porous synthetic ceramics, based on calcium phosphates have been used in orthopedic and dental surgery for 

some years now. adbone®TCP is to be differentiated from existing porous bone implants due to a stable 

mechanical structure and a flexible production technology allowing the implant to be custom made for a 

specific need of the patient. 
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The clinical data used in this evaluation are reports of different geometries of porous beta tricalcium 

phosphates used in bone reconstruction surgery. The reports were chosen due to the fact that all reports use 

beta-tricalcium phosphates for bone repair, which is equivalent to the composition of adbone®TCP. Different 

geometries were considered in this study that varied from granules, blocks and wedges. These geometries 

were chosen due to the fact that adbone®TCP is manufacture in the same geometries, having the cylindrical 

form the only geometry that was not considered in the clinical evaluation. 

10. Summary of Clinical Data and Appraisal 

In the 1980s, calcium phosphate salts such as - tricalcium phosphate (TCP) and hydroxyapatite (HAp) were 

introduced for clinical use. During the last decades, there has been a great increase of the use of bone graft 

substitutes. Bone graft substitutes are a useful alternative to biological materials such as autografts, allografts 

and xenografts, and to natural materials such as coral [1]. One of these, calcium phosphate (CaPO4) ceramics, 

which include tricalcium phosphate (TCP), have been the most widely investigated and used in orthopedic 

surgery [1]. These materials must fulfill certain property compatibility with surrounding tissues, chemical 

stability in body fluids, compatibility of mechanical and physical properties, ability to be produced in functional 

shapes and to withstand the sterilization process, reasonable cost of manufacture and reliable quality control 

[2]. 

Many in vitro and in vivo studies have shown that calcium phosphate ceramics are fully biocompatible and the 

physical and chemical properties of these substances make them bioactive. In addition, calcium phosphate 

ceramics are osteoconductive and resorbable, i.e. they provide a scaffolding for new bone formation, and their 

macroporosity allows new bone and cells to grow into the ceramic [1]. 

β-tricalcium phosphate [Ca3(PO4)2] ceramics are biocompatible and osteoconductive materials that offer a 

chemical environment and a conducive surface to new bone formation, so most of the implanted porous -

tricalcium phosphate (β-TCP) can be resorbed within a few years [3]. Tricalcium phosphate is believed to be 

reliably osteoconductive and resorbable as it works as the carrier of growth factors or scaffold for the 

mesenchymal stem cells when used for bone regeneration [4]. 

The goal of the present study was to investigate the long use of the β-TCP in the surgery in many forms and to 

show the excellent biocompatibility proved in many clinical situations reported in the literature. 

11. Data analysis 

Bettach et al. [1] evaluated the effectiveness of a highly macroporous β-TCP (Kasios β-TCP Dental HP) for 

maxillary sinus floor augmentation. Twenty-seven consecutive patients (17 woman/10 men, mean age: 59.7 

years) in 2 clinics underwent maxillary sinus augmentation by lateral approach using β-TCP as grafting material. 

Implant survival, prosthesis success, periimplant bone loss, oral hygiene level, soft tissue condition, 

complication occurrence, and patient satisfaction were assessed. Thirty-one sinuses were successfully 

augmented. Sixty implants were placed. No sinus membrane perforations occurred. The mean follow-up after 

grafting was 39.3 ± 8.7 months (range, 22-52 months), and it was 30.5 ± 8.1 months (range, 15-43 months) 
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after implant loading. No implants were lost. After 1 year of loading, marginal bone loss averaged -0.88 ± 0.46 

mm (n = 54 implants). Mean full-mouth plaque and bleeding scores were 11.5% ± 4.8% and 3.5% ± 2.8%, 

respectively. No biological or mechanical complications were recorded [1]. 

Damron and its team [2] examined the healing of cavitary defects filled with (Vitoss, Orthovita) TCP versus TCP 

and bone marrow aspirate (TCP/BM). Fifty-five patients with a benign bone lesion undergoing surgical 

curettage were randomized to receive TCP (N = 26; mean duration of follow-up [and standard deviation], 20.2 

± 7.2 months) or TCP/BM (N = 29; mean duration of follow-up, 18.0 ± 7.7 months). There were no significant 

differences between the groups with regard to demographic or defect parameters. Clinical and radiographic 

evaluations were done at 1.5, three, six, twelve, eighteen, and twenty-four months, and computed 

tomography [CT] scans were performed at twelve months. The results showed a significant (p < 0.001) increase 

in trabeculation through the defect and graft resorption with decreases in the persistence of the graft in both 

soft tissue and the defect as well as a decreased radiolucent rim around the graft over time. However, the 

differences between the TCP and TCP/BM groups in terms of radiographic data were not significant. The 

authors also emphasized the absence of complications related to the graft material or BM were identified. 

Epstein [3] developed a study in 2006, in which the efficacy of Vitoss/Beta Tricalcium Phosphate (β-TCP: 

OrthoVita, Malvern PA, USA), an artificial bone substitute, combined with lamina autograft (50:50 mix) was 

prospectively evaluated in 40 patients after posterolateral instrumented lumbar fusions (27 one level, 13 two 

level) using pedicle/screw instrumentation. β-TCP was supplied in 2.5 cm x 10 cm strips soaked in 10mL of 

autogenous bone marrow aspirate (iliac crest/vertebral pedicle). Two strips were utilized for 1 level fusions (1 

per side), and 3 strips for 2 level fusions (1.5 per side). 

 Two neuroradiologists independently assessed fusion progression on dynamic x-rays and 2D-CT studies 

performed at 3, 4.5, 6, and up to 12 months postoperatively. The 40 patients underwent lumbar instrumented 

fusions averaged 49 years of age (21 females and 19 males). 

The results obtained in single-level fusions thru dynamic x-ray and 2D-CT successively occurred at 3 months 

(10 patients), 4.5 months (13 patients) and 6 months (3 patients) for 26 of 27 patients. 

Six months postoperatively, 24 patients retained 75% to 100% of the original bone mass, whereas 2 patients 

retained 50% to 75%. One asymptomatic patient with a ‘‘fibrous union’’ characterized by a lack of motion on 

dynamic x-rays but 2D-CT–documented pseudarthrosis (lack of continuity of bone fragments, lucency around 

L5 screws (L4-L5 fusion), and 0% to 25% of the original bone mass) required no further surgery. 

For the 13 patients undergoing 2 level instrumented arthrodeses, fusion occurred at 3 months (1 patient), 4.5 

months (5 patients) and 6 months (5 patients) postoperatively. By the sixth postoperative month, the retained 

volume of bone graft mass for the 11 ‘‘fused’’ patients were 75% to 100% (8 patients), 50% to 75% (2 patients), 

and 25% to 50% (1 patient) respectively.  

2 patients developed 2D-CT evidence of pseudarthrosis (lucency surrounding S1 screws (L4-S1 fusion), 0%–

25% residual bone mass, and lack of continuous bone fragments between transverse processes), however, 

only the symptomatic 48-year-old female (prior heavy smoker), with instability confirmed on dynamic x-rays, 

needed a secondary fusion. The second patient was asymptomatic and exhibited no motion on dynamic films 

(‘‘fibrous union’’). 
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Overall, the results showed that tricalcium phosphates effectively supplement lamina/iliac autograft when 

utilized in posterolateral spinal fusions. The presence of pseudarthroses on x-rays or CT studies performed 6 

months after scoliosis procedures utilizing posterolateral autograft bone/allograft (19 patients) or autograft 

bone/25 g granular β-TCP (9 patients), was not verified. Posterolateral autograft alone (one side) and 

autograft/β-TCP (50:50 mix other side) were equally effective in promoting 1 to 2 level posterolateral 

instrumented and noninstrumented spinal fusions [3]. 

In 2002 Galois et al. [4] reported a study of 110 patients in which β-tricalcium phosphate ceramic was used in 

bone surgery. The implants used in this study were made of a macroporous synthetic β-tricalcium phosphate 

ceramic (Ca3(PO4)2) with a total pore volume of 45±5% and a pore size between 250 and 400 μm. In this study 

1.5 mm-diameter granules or blocks of various sizes were used to fill the defect (Figure 1). The material was 

used on one occasion in each of 110 patients, of which 56 were men and 54 were women. Their age range was 

from 14 to 83 years with a mean of 48 years. 

 

Figure 1 (a) - Iliac bone graft with β tricalcium phosphate for filling the bone defect. (b) Radiograph made after 18 months when internal 

fixation was removed. No implant is visible. Integration is excellent and complete [4]. 

In this study, in which only β-tricalcium phosphate was used, confirms the beneficial effects. The rate of 

satisfactory (excellent and good) results was 74%, with no poor results in any of the 110 patients. The excellent 

results in non-union/delayed union may appear surprising given that these sites are inherently non-conducive 

to osteogenesis. However, the freshening of the bone ends and the restoration of the medullary canal 

associated with the procedure appear to have improved the local environment.  

Like all studies of calcium phosphate bone graft substitutes in human subjects, the evidence assessed was 

almost exclusively radiographic. Histological investigations are invasive so they cannot be repeated at will [4]. 

The use of purified beta-tricalcium phosphate for filling defects after curettage of benign bone tumours was 

the focus of the study performed by Hirata et al. [5]. Fifty-three patients with benign bone tumours underwent 

operative treatment. The mean age of the patients was 31 years (range: 6–76 years). A total of 32 were male 

and 21 were female. There were 21 patients under 20 years old and 32 over 20 years old. The exact distribution 
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of the 53 reported cases was follows: femur 15 cases, phalanx 12 cases, humerus 10 cases, tibia 7 cases, 

calcaneus 3 cases, radius 2 cases, ilium 2 cases, metacarpal bone 1 case, and metatarsal bone 1 case. The 

tumours included 18 enchondromas, 14 aneurysmal bone cysts, 10 fibrous dysplasias, 5 intraosseous lipomas, 

3 solitary bone cysts, 1 nonossifying fibroma, 1 benign chondroblastoma, and 1 osteofibrous dysplasia. After 

complete curettage of the tumor, the defect was filled with purified β-TCP (Osferion, Olympus, Tokyo, Japan) 

in granule form or block form. Full weight bearing was allowed after 8 weeks. The mean follow-up period was 

21 (6–41) months. To evaluate the resorption of β-TCP, a radiographic analysis was performed.  

The results demonstrated neither a postoperative infection nor adverse reaction due to the material. 

Postoperative fractures weren’t seen in any patients and in the young patients, neither deformity or growth 

arrest. The average limb function was complete. All patients were pain free and were satisfied with their limb 

function.  

 

Figure 2 - Graph showing the correlation between the filling volume of the β-TCP and the time taken for complete resorption [5]. 

 

Figure 3 - Radiographs of an 11-year-old boy with an aneurysmal bone cyst in the calcaneus: (a) Lateral view of the calcaneus with 

clear osteolysis (b) biodegradation of β-TCP 4 months after operation, and (c) complete resorption after 15 months [5]. 

In 23 cases (43%) it was observed a complete resorption of β-TCP and bone remodeling. The mean period to 

complete resorption of the material was 12.7 (5–26) months (Figure 2). In the 32 patients over 20 years old, 
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complete resorption was seen in 13 cases (40.6%) and in the 21 patients under 20, complete resorption was 

seen in 10 cases (47%). 

It was observed signs of the grafted β-TCP at the final examination in 30 cases (57%). However, the material 

in the bone marrow was incorporated and being gradually resorbed also the expanded cortex caused by tumor 

growth had been restored to its original shape.  

In all other cases (7 cases), it was observed a delayed resorption cases, with resorption rate lower than 50% 

13 months after operation (Figure 3). 

This study showed that purified β-TCP was useful for filling defects after curettage of benign bone tumors. This 

bioactive ceramic was safe, non-toxic, lacked disease transmission or immunogenic response properties, and 

its use avoided morbidity at bone graft donor sites. Furthermore, handling and storage of β-TCP was easy. 

Radiographically, the grafted β-TCP showed good incorporation into the host bone and new bone formation. 

The conclusion, the purified β-TCP is an ideal bone graft substitute for the treatment of benign bone tumors 

because of its good biocompatibility and characteristics of resorption [5]. 

Horch et al. [6] reported a study where investigated the long-term effect of the ceramic β-tricalcium phosphate 

(b-TCP) at different sites of alveolar reconstruction and evaluated its properties. From February 1997 to 

September 2002, congenital and acquired bony defects of the jaws in 152 patients were filled with granular, 

pure-phase β-TCP (spherical, grain size 500–2000 µm, microporous, Cerasorb®). For the alveolar 

reconstruction 100% β-TCP was used. For defects exceeding 2 cm in diameter, β-TCP was combined with 

autologous bone taken from the retromolar area, the maxillary tuberosity or the chin regions.  

 

Figure 4 - Histomorphological results 3 months (a) and b) and 12 months (c and d) after implantation of b-TCP. H&E staining (a and c) 

and polarization microscopy (b and d) [6]. 

Clinical, radiological and ultrasongraphical follow-up examinations were carried out over a period of up to 5.25 

years. In the 16 biopsied cases, the retrieved material showed almost complete resorption of TCP and bony 

ingrowth with regular trabecular bone formation. Histomorphological analyses of the 16 cases where biopsies 

that were taken and also revealed complete osseous regeneration of the defects filled with -TCP after about 

1 year (Figure 4).  



 

Clinical Evaluation Report - adbone®TCP 

Issued by: QR Date: 9/8/17 Version: A Page 10 of 23 

 
 

 

Confidential Proprietary 

 

Radiographic examination after approximately 12 months revealed complete or near complete degradation 

of the -TCP ceramic granulates with concurrent bone substitution in the majority of cases. Clinically and 

ultrasonographically, there was no sign of lodging of ceramic microparticles in the regional lymphatic system. 

Because of its versatility, low complication rate and good long-term results, synthetic, pure-phase -TCP is a 

suitable material for the filling of bone defects in the alveolar region [6]. 

Kishore et al. [7] compared the regenerative potential of a β-tricalcium phosphate bone graft, Cerasorb® with 

and without a bioresorbable type I collagen membrane, BioMend Extend™, in treating periodontal infrabony 

osseous defects. A total of 20 sites from 10 patients showing bilateral infrabony defects were selected and 

selected sites were randomly divided into experimental site A (Cerasorb®) and experimental site B (Cerasorb®) 

and (BioMend Extend™) by using split mouth design. The clinical parameters like plaque index, gingival index, 

probing pocket depth, clinical attachment level and gingival recession were recorded at baseline, 6 weeks, 3, 

6 and 9 months. Radiographic evaluation at 6 and 9 months; and intrasurgical measurements at baseline and 

9 months were carried out to evaluate the defect fill, change in alveolar crest height and defect resolution. 

Significant reduction in all clinical parameters was observed in both the groups. On comparison, no statistical 

significance was observed between the two groups. Radiographically, in site A there was significant defect fill 

of 78.4 and 97.2% at 6 and 9 months respectively. Whereas in site B reduction was 78.4 and 97.2% at 6 and 9 

months respectively. After surgical re-entry, there was significant defect fill of 89.2 and 74% in both groups. 

Kishore et al. concluded that individually, both the graft and membrane have shown promising results in the 

management of periodontal intrabony defects [7]. 

Knop et al. [8] report a case of use β-TCP in spine surgery. A synthetic bone substitute, β-tricalcium phosphate 

(ChronosTM; 10 cc granulate, 2.8–5.6 mm) without additional autogenous bone was used to achieve the 

monosegmental posterior fusion. The patient (43 years old male) sustained an isolated distraction injury of 

the thoracic spine Th7/Th8 with wedge compression fracture of Th8 and sagittal split Th10. 

The postoperative course was uneventful. After mobilization on the first postoperative day the patient was 

discharged on the fifth postoperative day. Within 6 weeks the patient returned to normal activities. Ten 

months postoperatively the patient was pain free and there was no change in spinal alignment nor loosening 

or breakage of the implant (Figure 5). 

 

Figure 5 - X-ray series postoperative (a) and after implant removal (b) demonstrating a physiological and unchanged alignment of the 

thoracic spine [8]. 
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After implant removal a biopsy was taken from the fusion mass, which macroscopically appeared as solid bone. 

The postoperative course was uneventful and after a postoperative documentation with CT scan the pain free 

patient returned to normal activities (Figure 6). 

 

Figure 6 - CT scan after implant removal proving a solid interlaminar fusion mass in sagittal and coronar reconstruction [8]. 

The histology results demonstrated a young and growing bone, which did not microscopic differ from natural 

human bone (Figure 7). The activity was histologically assumed by the high number of osteocytes as well as 

noncalcified osteoids in the fusion mass. There was neither sign of loosening at the bone-implant interface nor 

change of the segmental alignment. It has already been proven for fusion rates that stability of the fused 

segments is a requirement for successful fusion. 

 

Figure 7 - Histology of specimens taken at implant removal: Many osteocytes, noncalcified osteoid surrounding the bone marrow 

cavity: (a) Goldner stain, 45·; (b) Goldner stain, 225·(detail enlargement of a); (c) Goldner stain, 45·; (d) Goldner stain, 225· (detail 

enlargement of c) [8]. 

The authors conclude that calcium phosphate ceramics are known to be safe and nonallergenic, with good 

bone bonding capacity [8]. 



 

Clinical Evaluation Report - adbone®TCP 

Issued by: QR Date: 9/8/17 Version: A Page 12 of 23 

 
 

 

Confidential Proprietary 

 

Lerner et al. [9] developed a work to compare the clinical and radiographic results of ultraporous beta-

tricalcium phosphate (beta-TCP) versus autogenous iliac crest bone graft (ICBG), through prospective 

randomized pilot study (EBM-Level 1), as graft extenders in scoliosis surgery. 

A total of 40 patients with adolescent idiopathic scoliosis (AIS) were randomized into two treatment groups 

and underwent corrective posterior instrumentation. The β-TCP group included 18 females and 2 males, and 

the ICBG group consisted of 16 females and 4 males. The average age at the time of surgery was 18.5 years in 

the β-TCP group and 19.5 years in the ICBG group (P = 0.158). In 20 patients, ICBG harvesting was performed 

whereas the other half received beta-TCP (VITOSS) to augment the local bone graft. If thoracoplasty was 

performed, the resected rib bone was added in both groups. Patients were observed clinically and 

radiographically for a minimum of 20 months postoperatively, with a mean follow-up of 4 years. Overall pain 

and pain specific to the back and donor site were assessed using a visual analog scale (VAS). As a result, both 

groups were comparable with respect to the age at the time of surgery, gender ratio, preoperative deformity, 

and hence length of instrumentation. There was no significant difference in blood loss and operative time. 

Intraoperative complications in the β-TCP group included five patients with a prolonged wake-up test (>30 

min), including one patient with an extensive bleeding diathesis with a blood loss of 3,800 ml. There were no 

complications during surgery in the ICBG group. Postoperative complicationsin the β-TCP group were: pleural 

effusion without need for pleuracentesis (n = 2), subcutaneous seroma requiring puncture (n = 1), revision of 

one screw which was placed in close proximity to the aorta (n = 1), and a pseudarthrosis which was revised 

(see below). None of these complications was considered related to the study material (β-TCP). Complications 

in the ICBG group were: pleural effusion (n = 3) with need for pleuracentesis in one patient, subcutaneous 

seroma requiring puncture (n = 1), and pneumonia (n = 1). 

The VAS score for overall pain at hospital discharge was statistically higher in the ICBG group than in the β-TCP 

group whereas the VAS scores for back pain were not statistically different. The maximum donor site pain was 

found after 6 months. 

Average curve correction (Figure 8) was 61.7% in the β-TCP group and 61.2% in the ICBG group at hospital 

discharge (P=0.313) and 57.2 and 54.3%, respectively, at follow-up (P=0.109). Loss of curve correction 

averaged 2.6 in the β-TCP group and 4.2 in the ICBG group (P = 0.033). 

 

Figure 8 - Radiographic results coronal plane (All values displayed in bold letters are mean values) [9]. 
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All patients in the ICBG group and all but one patient in the β-TCP group were considered fused as assessed 

by conventional radiography, showing a continuous and mature fusion mass in the residual curves’ concavity 

without any evidence of implant failure (Figure 9 and Figure 10). 

 

Figure 9 - Posteroanterior radiographs of a 16-year-old girl (at the time of surgery) out of the b-TCP group (without thoracoplasty) 

showing a King I scoliosis with a thoracic curve of 54 from T6 to T12 and a lumbar curve of 58 from T12 to L4 and the instrumentation 

from T6 to L4 at last follow-up, 52 months after surgery [9]. 

 

Figure 10 - Postoperative and follow-up posteroanterior radiographs (3-, 7-, 11-, and 52- months) of the patient presented in Fig. 8 

with focus on the lumbar curve demonstrating a progressive resorption of the bTCP morsels and the formation and maturation of a 

continuous bony fusion mass visible at the curve’s concavity [10]. 
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According to the authors, these promising early results support that beta-TCP appears to be an effective bone 

substitute in scoliosis surgery avoiding harvesting of pelvic bone and the associated morbidity [10]. 

Vitoss (Orthovita, Malvern, Pa) was evaluated as a bone void filler in spinal arthrodesis [10]. 50 patients were 

enrolled in this study. All patients underwent decompressive laminectomy with bilateral posterolateral 

intertransverse fusion (PLITF) using bone graft mixed with ultraporous beta-TCP, with and without 

instrumentation. Some patients also underwent posterior lumbar interbody fusion (PLIF) using cages and bone 

graft. Thirty-two patients were studied for at least 5-7 months postoperatively. Of these patients, 100% 

demonstrated good consolidation on follow-up radiographs. The use of iliac crest bone graft (ICBG) was 

avoided entirely in 7 (14%) of the 50 patients, and 30% less ICBG volume was required on average in others. 

Only 3 patients (7%) had donor site-associated pain. Controlled studies are being conducted to support the 

clinical impression that ultraporous beta-TCP used as a bone void filler in spinal arthrodesis facilitates bone 

healing at both the spinal and donor operative sites, and contributes to less overall morbidity [10]. 

Muschik et al. [11] reported good clinical results in a study of the use of TCP in granular form in human dorsal 

spine fusion obtained in the treatment of adolescent idiopathic scoliosis. Twenty-eight patients with idiopathic 

adolescent scoliosis were operated. There were 22 female and 6 male patients with an average age of 14.5±1.6 

(range 10–17) years. The hospital stay was 14±3 (range 10–23) days. Posterolateral grafting was performed 

with two sorts of graft: autograft bone mixed with allograft bone (n=19; “bone group”) and autograft bone 

mixed with 25 g TCP (n=9; “TCP group”). The CT scans to measure the bone mineral density were performed 

at 11±8 (range 3–33) months after surgery. Seven CT scans were available in the TCP group and 17 in the bone 

group. The mean value of the bone mineral density was 430±111 (range 273–629) mg/cm3 in the TCP group 

and 337±134 (range 130–669) mg/cm3 in the bone group (P=0.16). The authors consider β-tricalcium 

phosphate to be a good bone substitute for dorsal spinal fusion in adolescent idiopathic scoliosis based on the 

results of the small study performed. Moreover, according to clinical and radiological parameters, together 

with the bone mineral density results, β-tricalcium phosphate in granular form has similar fusion rates to 

autologous bone [11]. 

Comparison of hydroxyapatite and beta tricalcium phosphate as bone substitutes after excision of bone 

tumors was examined by Ogose et al. [12]. Long-term results were reported in 23 patients and short-term 

results in 30 patients presenting with bone tumors treated by curettage or resection followed by implantation 

of hydroxyapatite (HA) or highly purified beta-tricalcium phosphate (beta-TCP), respectively. Mean follow-up 

was 97 and 26 months in cases involving HA implantation and beta-TCP implantation, respectively. 

Radiographs revealed HA incorporation into host bone in all but two cases; moreover, no obvious evidence of 

HA biodegradation was observed. A single patient exhibited late deformity following implantation of HA. All 

grafted beta-TCP was, at least partially, absorbed and replaced by newly formed bone. The mean period 

required for the disappearance of radiolucent zones between the ceramics and host bone was 17 weeks in HA 

and 9.7 weeks in beta-TCP. Highly purified beta-TCP appears to be advantageous relative to HA for surgical 

intervention in bone tumors consequent to the nature of remodeling and superior osteoconductivity [12]. 

Shen et al. [13] perform a study where evaluate prospectively the clinical and radiological outcomes of using 

β-TCP in treatment of depression tibial plateau fractures. 

A total of 124 consecutive patients who sustained depression tibial plateau fractures between January 2002 

and June 2006 were included in this study. During the follow-up, no patient was lost and all the patients were 
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followed for no less than 12 months (mean 18.2 ± 6 months, range, 12–37 months). There were 41 female and 

83 male patients. The mean age of the patients was 47 (range, 15–85) years. The diagnosis was made based 

on the results of plain radiographs in the anteroposterior and lateral views as well as computed tomographic 

scan. 

The study was approved by the Institutional Ethical Review Committee and informed consent was obtained 

from all patients. Before surgery, all patients underwent the same medical care, which included elevation of 

the affected extremities with temporary fixation, soft tissue care and analgesia. 

 

Figure 11 - A 48-years-old male patient fracture. (a) Before surgery. (b) After 3 months, the fracture line disappeared and the patient 

began full weight-bearing. (c) The fracture healed and the patient had restored full range of motion without pain, 1 year after surgery 

[13]. 

All patients underwent open reduction and internal fixation within 1 week of injury. After cleaning the debris 

and blood clots, the commercially available -TCP ceramic granules were grafted into the area of cancellous 

defect and impacted. 

All the patients were followed up clinically and radiologically 1, 3, 6 and 12 months after the surgery, and 

annually thereafter. The resorption of the β-TCP granules was defined as the decrease in the size and density 

of grafting on radiographs. 

In this study, in which only β-tricalcium phosphate was used, confirms the beneficial effects, there were no 

intra-operative complications. Post-operatively, one patient suffered from superficial wound infection and the 

wound soon resolved with antibiotic care and local debridement. No deep infection or skin irrigation was 

found in all the patients. No hardware failure was noted during the follow-up. 

Degradation of TCP ceramic granules was observed radiologically 3 months after surgery. Resorption of TCP 

ceramic was observed on the radiographs in the majority of the patients at 10 months after grafting (range, 

6–12 months). No valgus deviation or obvious collapse of joint surface was present in the weight-bearing 

radiographs in any case, and there was no early sign of osteoarthritis in all the patients at the last follow-up. 
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The results reveal that calcium phosphate ceramic proved to be an effective alternative method of tibial 

plateau fracture treatment. During the follow-up, all fracture lines disappeared radiologically at 6 months and 

the density of -TCP decreased progressively, suggesting that -TCP could facilitate bone ingrowth with good 

biocompatibility. Only one patient had complications with superficial infection that was soon under control 

after local care and no further treatment was needed. No obvious redisplacement was found in any case in 

the study. Most of the patients had excellent or good results; in general, the clinical outcome suggested that 

TCP showed effectiveness in the treatment of depression tibial plateau fractures with reduction and internal 

fixation, compared with autograft. 

In conclusion, this study proved that -TCP, augmented with rigid internal fixation, achieved satisfactory 

functional outcome and reliable radiological results in depression tibial plateau fractures. Furthermore, the 

complications of bone harvesting site can be avoided by using -TCP for grafting. The authors suggest the use 

of -TCP as an alternative method for autograft in the treatment of depression tibial plateau fractures [13]. 

Simultaneous bilateral opening-wedge high tibial osteotomies (OWHTOs), using the TomoFix fixation device 

and artificial bone wedges (beta-TCP) were performed on 20 knees of 10 patients with an average age of 67 

years (range 53-75) at the time of the operation by Takeuchi and its team [14]. The follow-up period was an 

average of 15 months (range 6-39). Using this procedure, American Knee Society Score and the Function Score 

were improved significantly from 46 +/- 8.1 to 92 +/- 6.8 points and 67 +/- 7.9 to 95 +/- 7.9 points, respectively. 

Prior to surgery, the average lateral femoro-tibial angle (FTA) during standing was 182 +/- 2.3 degrees (2 

degrees anatomical varus) and significantly changed to 170 +/- 2.5 degrees (10 degrees valgus) at the time of 

follow-up. There were no cases of infection, non-union, or implant failure. Overall, this procedure was highly 

successfully in correcting knee malalignment in patients with medial compartmental osteoarthritis. Evidence 

of correction loss, implant failure, collapse of the artificial bone wedges, or screw loosening, weren’t observed 

[14].  

Tanaka et al. [15] report a study of the use β-tricalcium phosphate blocks with 60% and 75% porosity in 

opening-wedge high tibial osteotomy (HTO), so they report a bone formation and resorption of β-TCP in the 

TCP-implanted sites. 

The volume of each piece of β-TCP block with 60% porosity for a 10-mm opening was 1.06 cm3 and for a 12.5-

mm opening was 1.39 cm3. Three pieces of β-TCP were implanted in all cases, but 1/3 of one piece was 

removed in the case of small knees. Thus, 3.18 (1.06 x 3) to 2.83 (3.18 - 1.06 x 1/3) cm3 of β-TCP blocks with 

60% porosity was used for a 10-mm opening, and 4.17 (1.39 x 3) to 3.71 cm3 of β-TCP blocks with 60% was 

used for a 12.5-mm opening. To fill the cancellous bone defects, 6– and 7–8 cm3 of β-TCP blocks with 75% 

porosity were used for 10- and 12.5-mm openings. 
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Figure 12 - Macroscopic appearance of the two types of β-TCP block and a Puddu plate for a 12.5-mm opening (a) Opening HTO is 

performed with 60 and 75% porosity β-TCP blocks. After plate fixation (b), a β-TCP block with 75% porosity is implanted in the 

cancellous bone defect (c), and then a wedge-shaped TCP block with 60% porosity, which is slightly larger than the protruding part of 

the Puddu plate, is implanted in the medial cortical defect in front and back of the plate (d). The yellow arrow indicates a space for a 

TCP block with 60% porosity (e) Macroscopic appearance of the left knee observed from the medial side. The yellow box indicates the 

operative field [15]. 

Since May 2003 to November 2004, opening-wedge high tibial osteotomy was performed using β-TCP with 60 

and 75% porosity without autogenous bone graft (Figure 12). Twenty-five patients (16 women and 9 men) 

with a mean age of 66 (range, 51–80 years) were used for evaluation at a mean follow-up point of 32.5 months 

(range, 25–42 months). 

Anteroposterior radiographs were used mostly for evaluation of β-TCP with 75% porosity because the 

protruding part of the Puddu plate, the so-called tooth part, overlapped the β-TCP block with 60% porosity. 

Thus, resorption of the β-TCP block with 60% porosity was estimated from lateral radiographs. 

No adverse reactions to β-TCP or disturbances of wound healing were observed in the postoperative period. 

The results obtained from 25 patients who had surgery at least 2 years before showed that no correction loss 

occurred and bone formation was noted in all cases. 

At the latest follow-up 25–42 months after surgery, complete or nearly complete replacement of both 60 and 

75% porosity TCP by bone was recognized in 18 patients (Figure 13). 
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Figure 13 - Anteroposterior radiographs of a 78-year-old man with medial compartmental knee osteoarthritis (a). The mechanical axis 

is corrected from varus (femorotibial angle 1788) to valgus (1678) after a 10-mm opening HTO (b). The outer margin of the implanted 

β-TCP with 75% porosity is unclear 4 weeks after implantation (c). The solid and dashed arrows indicate area where 60 and 75% porosity 

TCP blocks were implanted, respectively. Radiographs six months (d), 1 year (e), and 2.5 years (f) after surgery. Trace amount of 

remaining β-TCP indicated by the arrow is that with 75% porosity [15]. 

No correction loss has been found, and bone formation was noted in all cases. The authors have found that 

the type of bone affected β-TCP resorption. The rates of β-TCP resorption and bone formation were greater 

in cancellous bone defects than in cortical bone defects in clinical cases. 

The age group of patients in this study was older than that in previous reports. It is known that resorption of 

β-TCP depends upon the amount implanted and the patient’s age. The larger the implant and the older the 

patient, the slower is the healing. However, in this study showed that good β-TCP resorption occurred in the 

aged patients. There was a correlation between TCP resorption and the amount of TCP implanted, but no 

correlation between TCP resorption and the patient’s age in this study. 

In conclusion, bone formation and resorption of β-TCP after implantation of β-TCP blocks with 60 and 75% 

porosity in opening-wedge HTO were completed within 3.5 years and occurred in a manner similar to that in 

experimental animals. This phenomenon may be facilitated by mechanical loading even in aged patients [15]. 

Uckan reported a work in which, seventy maxillary sinuses in 62 patients were augmented by beta-tricalcium 

phosphate and 121 implants were inserted into these augmented sinuses (study group); 136 implants were 

inserted in the posterior maxilla in 65 patients (control group). Follow-up times were 29.8 and 32.3 months 

for the study and control groups, respectively. One implant in the study group and 1 implant in the control 

group failed. All other implants in both groups were functioning well without any significant clinical finding. 

Implant survivals were 99.17% in the study group and 99.26% in the control group. With these findings the 
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authors concluded that simultaneous implant insertion and sinus lift with beta-tricalcium phosphate is a safe 

surgical procedure [16]. 

12. Clinical Evidences 

 
adbone®TCP 

Cerasorb® 

[5; 6;] 

ChronOs® and Ceros ® 

[7; 10] 

Vitoss® 

[2; 3; 8; 9] 

Technical 

Composition: B-
Tricalcium phosphate 
(99,9% β-TCP) 

Composition: B-
Tricalcium phosphate 
(99,9% β-TCP) 

Composition: B-
Tricalcium phosphate 
(99,9% β-TCP) 

Composition: B-
Tricalcium phosphate 
(99,9% β-TCP) 

Porosity: 39 - 88%  Porosity: 65 - 80%  
Porosity: 60% 
(granules) - 70% 
(preforms shapes) 

Porosity: 80 - 90% 

Resorption time: 3 – 
24 months  

Resorption time: 4-12 
months 

Resorption time: 6-18 
months 

Resorption time:3 – 6 
months 

Biological 

Sterilization: Ionizing 
radiation 

Sterilization: Ionizing 
radiation 

Sterilization: Ionizing 
radiation 

Sterilization: Ionizing 
radiation 

Processing: 
adbone®TCP bone 
graft is provided 
within a vial/pouch 
or a pouch/blister. 
The bone graft 
substitute can be 
mixed with blood, 
PRP, Bone Marrow 
aspirate and serum. 

Processing: Cerasorb® 
bone graft is provided 
within a vial inside a 
hard blister. The bone 
graft substitute can be 
mixed with blood, PRP. 

Processing: ChronOs® 
bone graft is provided 
inside a Vial. The bone 
graft substitute can be 
mixed with blood, PRP, 
Bone Marrow aspirate 
and serum. 

Processing: Vitoss 
bone graft is provided 
within a vial. The bone 
graft may be mixed 
with serum or Blood or 
Bone marrow 

Clinical 

Administration: 
granules, blocks, 
sticks, wedges, 
cylinders 

Administration: 
granules 

Administration: 
Granules, Blocks, 
wedges, sticks. 

Administration: 
granules / morsels 

Area: Dental and 
Orthopedic 
applications 

Area: Dental  
Area: Dental and 
Orthopedic 
applications 

Area: Orthopedic 

Indications: 
adbone®TCP is a 
porous synthetic 
ceramic designed for 
the filling of voids or 
defects of the 
skeletal system, that 
are not intrinsic to 
the stability of the 
bony structure. 

Indications: Indicated 
only for bony voids or 
defects/gaps that are 
not intrinsic to the 
stability of the bony 
structure 

Indications: Indicated 
only for bony voids or 
defects/gaps that are 
not intrinsic to the 
stability of the bony 
structure 

Indications: Indicated 
only for bony voids or 
defects/gaps that are 
not intrinsic to the 
stability of the bony 
structure 
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adbone®TCP 

Cerasorb® 

[5; 6;] 

ChronOs® and Ceros ® 

[7; 10] 

Vitoss® 

[2; 3; 8; 9] 

Negative effects: the 
product has been in 
use for 5 years. No 
negative effects have 
been reported 

Negative effects: the 
product has more than 
40 years of research 
and 20 years in the 
market, and no 
adverse effects has 
been reported  

Negative effects: the 
product has been in 
use for more than 20 
years in Europe under 
the name “Ceros 82”. 
No negative effects 
have been reported 

Negative effects: No 
negative effects have 
been reported 

13. Clinical Equivalence Analysis  

 Future State Current Situation Proposals 

Technical Equivalence 

 

Composition: B-Tricalcium 

phosphate (99,9% β-TCP) 

adbone®TCP is equivalent 

in composition to 

Chronos®, Ceros®, 

Cerasorb® and Vitoss®.  

Equivalence confirmed 

Porosity: 39 - 88% 

adbone®TCP is equivalent 

in porosity to Chronos®, 

Ceros®, Cerasorb® and 

Vitoss®. 

Equivalence confirmed 

Resorption time: 3-24 

months 

adbone®TCP is equivalent 

to Chronos®, Ceros®, 

Cerasorb® and Vitoss®. 

Equivalence confirmed 

Biological Equivalence 

Sterilization: Ionizing 

radiation 

adbone®TCP is equivalent 

to Chronos®, Ceros®, 

Cerasorb® and Vitoss®. 

Equivalence confirmed 

Processing: adbone®TCP is 

provided in a vial inside a 

pouch. The bone graft can 

be mixed with blood, PRP, 

bone marrow aspirate and 

serum. 

adbone®TCP is equivalent 

to Chronos®, Ceros®, 

Cerasorb® and Vitoss®. 

Equivalence confirmed 

Clinical Equivalence 

Administration: Granules, 

Crunch, Blocks, Sticks, 

Wedges and Cylinders 

adbone®TCP is equivalent 

to Chronos®, Ceros®, 

Cerasorb® and Vitoss®. 

Equivalence confirmed 
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 Future State Current Situation Proposals 

Area: Dental and 

Orthopedic applications 

adbone®TCP is equivalent 

to Cerasorb®, Chronos®, 

Ceros® in the Dental Area 

and Chronos®, Ceros® and 

Vitoss® in the orthopedic 

area. 

Equivalence confirmed 

Indications: adbone®TCP 

can be granules, crunch, 

blocks, wedges, cylinder 

adbone®TCP is equivalent 

to Chronos®, Ceros®, 

Cerasorb® and Vitoss®. 

Equivalence confirmed 

Designed to fill open bone 

voids or defects of the 

skeletal system, that are 

not intrinsic to the stability 

of the bony structure. 

adbone®TCP is equivalent 

to Chronos®, Ceros®, 

Cerasorb® and Vitoss®. 

Equivalence confirmed 

Negative effects: the 

product has been in use 

for 5 years. No negative 

effects have been reported 

adbone®TCP is equivalent 

to Chronos®, Ceros®, 

Cerasorb® and Vitoss®. 

Equivalence confirmed 

14. Conclusion 

Based on the reported studies that occurred between 1992 and 2015, I conclude that synthetic porous -TCP 

bone substitutes are a useful addition or substitution of autogenous grafts in trauma, orthopaedic and dental 

surgery, with very encouraging results for the past 20 years. The synthetic bone substitute appears to be as 

safe and as effective as autograft when used in trauma situations. Authors of the reported studies have 

confirmed that safety and less morbidity makes the bone substitutes effective when compared with other 

bone grafts.  

No negative effects were reported in the clinical investigations nor in the 5 year period that adbone®TCP has 

been in the market. The life time of the device is not a precise time since it is highly dependent upon the 

geometry and size of the bone substitute, the age and physical conditions of the patient, but reported articles 

refer to the total resorption occurring in a period of 3 – 24 months. 

Due to vast range of published articles of clinical investigations, revealing advantages in the use of porous beta 

tricalcium bone substitutes, with identical biological, physical and clinical properties, compared with 

adbone®TCP, clinical investigation using adbone®TCP will not be performed.  

The product family adbone®TCP is a safe device and the performance of the device encourages the use of 

synthetic bone substitutes for bone reconstruction and repair. 
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