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Abstract: The present study aims to evaluate and compare the effect of β-tri-

calcium phosphate granules and Putty on the healing of bony defects after 

induced injury on the tibia bone of sheep. Materials and Methods: Four 

healthy local breed male sheep all the sheep from the same farm.     Four 

intervals were performed (2 weeks, 4 weeks, 6 weeks, 8 weeks). One tibia in 

each sheep was operated on at two two-week interval periods between each 

surgery (one surgery on each sheep making a total observation period of 

eight weeks). After two weeks of the last operation, the animals were 

euthanized based on a scheduled timeline. Results:  The study reveals 

significant changes in osteoblasts, osteocytes, new capillaries, and 

histomorphometric measurements of bone marrow space over time ,  The 

study presents histological sections of sheep treated with granules and putty, 

revealing changes in bone marrow space histomorphometry and the 

presence of bone cells and capillaries. Conclusion: Although both kinds of β-

TCP putty and granules considerably improved bone fracture healing, the β-

TCP putty demonstrated a better and faster healing ability than the granules, 

with a marked improvement in the bone marrow area. 

 

 

  
 

Keywords: Bone marrow space, Granules β-TCP, Putty β-TCP  

 

 

      University of Mosul 

   Al-Rafidain Dental Journal  
https://rden.uomosul.edu.iq/ 

                                                                              

 

 

  

mailto:mheidyalsheikh@gmail.com
https://doi.org/10.33899/rdenj.2024.145340.1237
https://orcid.org/0000-0001-6784-1494


Salih and Al-Jewari                                                                   Al-Rafidain Dent J 25(1):151-168 

 

152 
 

INTRODUCTION 

            Malignant tumors and severe trauma can cause massive bone defects, requiring 

various treatments like induced membrane technique, allogenic bone grafting, 

synthetic bone grafting, artificial joint replacement, and autologous bone grafting (1).       

         Bone grafting is a common dental procedure used in dental implants, ridge 

augmentation, sinus lift, socket preservation, and periodontal therapy  (2) . Bone tissue's 

regeneration capability allows for easy healing of defects or fractures, but in severe 

cases, these pathways are obstructed (3)  .   Alloplastic graft materials, including calcium 

sulfate, tri-calcium phosphate, and coralline hydroxyapatite, are synthetic grafting 

materials with osteoconductive properties (4). The development of injectable materials 

like putties, cements, and gels has sparked interest in bone regeneration due to their 

adaptability to bone defect morphology (5). Injectable dental putties in syringes are a 

next-generation Beta Tri-calcium-phosphosilicate bone graft material with enhanced 

handling characteristics. It's made from bioactive glass with additives like HPMC and 

glycerin, and absorbed during implantation for tissue infiltration   (6). 

          Putty received FDA and CE approval for dental indications in 2007. It was the 

first synthetic putty that didn't need to be handled or manipulated, and it was also the 

first to come in a greatly simpler cartridge delivery system. The use of calcium 

phosphosilicate putty minimizes graft waste and chair-side time. Unlike previous 

bioinert synthetic grafts, CPS putty is a bioactive regenerative material that not only 

works as an osteoconductive scaffold but also interacts with surrounding tissues and 

provides osteostimulatory effects  (6). The aim is to evaluate and compare the effect of 

β-tri-calcium phosphate Putty and Granules on the healing of bony defects after 

induced on sheep. 

 

MATERIALS AND METHODS 

Chemicals and medicine 

        Beta-tri calcium phosphate (β-TCP) Putty and Granule from powerbone®   is an 

injectable and formable putty bone graft based on hydrogel Beta-tri calcium phosphate 

(β-TCP) granules or powder, including ZrO2   particles for antibacterial efficacy.  

 

Animals 

          Four healthy local breed male sheep (age 1-1.5 years), numbered 1-4, weighting 

(40-50kg) (range 45kg) enrolled in the study, all the sheep from the same farm. 

Veterinarian regularly supervised their health and feeding. Animals were acclimated 

for two weeks before any procedure and general state inspected to ensure the absence 
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of general or infectious disease. To avoid operator-mediated errors, all surgeries were 

performed by the same surgeon and at a stable temperature Figure 1. 

 
Figure (1): Three holes of bone defects with treatment (groups of study) 

 

Study design 

          Four healthy local breed male sheep (age 1-1.5 years), numbered from 1-4, 

weighting (40-50kg) (range 45kg) was used in the study. Four intervals were 

performed (2 weeks, 4 weeks, 6 weeks,8 weeks). One tibia of each sheep was operated 

on, with an interval of two weeks between each operation, so that each sheep gave me 

four observation periods. After two weeks of the last operation, the animals were 

euthanized based on a scheduled timeline. The groups were: 

• Group1 (2 weeks): three defects on each tibia β-tri-calcium phosphate granules, 

control negative, β-tri-calcium phospha Putty. 

• Group2 (4 weeks): three defects on each tibia β-tricalcium phosphate granules, 

control negative, β-tri-calcium phospha Putty 

• Group3 (6 weeks): three defects on each tibia β-tricalcium phosphate granules, 

control negative, β-tri-calcium phospha Putty 

• Group4 (8 weeks): three defects on each tibia β-tri-calcium phosphate Granule, 

Control negative, β-tri-calcium phosphate Putty 

 

Statistical analysis 

           A computer package (Sigma Stat V12.0 / SYSTAT software) was used to conduct 

the histomorphometric analysis. Data were presented as means ± SE (standard error) 

and were analyzed by One Way ANOVA test using Duncan's test with a significant 

level set on P<0.05. The non-parametric data of Ki67 immunohistochemical scores were 

analyzed as median and IQR(Inter-Quartile-Range) by Kruskal-Walli’s test using 

Tukey Test with a significant level set on P<0.05.  
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RESULTS 

Histological study 

          This study examined sheep tibial bone histological sections to analyze the effects 

of treatments and periods on bone histomorphometry, revealing osteoblasts, 

osteocytes, and new capillaries. The study reveals significant changes in osteoblasts, 

osteocytes, new capillaries, and histomorphometric measurements of bone marrow 

space over time, highlighting the significant changes observed in control groups. 

            Figures 2 to 17 correspond to granules-treated groups at 2, 4, 6, and 8 weeks, in 

Figures for Histological section of tibial bone of sheep of the granules-treated group 

showing the osteoblasts (Ob), osteocytes (Oc) and new capillaries (NC), and the 

histomorphometric measurements of the bone marrow space. 40X. H&E stain and 10X.    

 

 

 

 

 

Figure (2): Histological section of tibial bone of sheep, control negative (2 

weeks) group showing the histomorphometric measurements of the bone 

marrow space. 10X. H&E stain. 
 

Figure (3): Histological section of tibial bone of sheep, control negative (2 weeks) 

group showing the osteoblasts (Ob), osteocytes (Oc), new capillaries (NC), and the 

) space 2histomorphometric measurements of the bone marrow space. (994957 µm

of field 40X. H&E stain. 
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Figure (4): Histological section of tibial bone of sheep, control negative (4 weeks) 

group showing the histomorphometric measurements of the bone marrow space. 

10X. H&E stain. 
 

Figure (5): Histological section of tibial bone of sheep,  control negative  (4 weeks) 

group showing the osteoblasts (Ob), osteocytes (Oc), and new capillaries (NC) and 

the histomorphometric measurements of the bone marrow space. 400X. H&E stain. 
 

Figure (6): Histological section of tibial bone of sheep, control negative (6 weeks) 

group showing the histomorphometric measurements of the bone marrow space. 

10X. H&E stain. 
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Figure (9): Histological section of tibial bone of sheep, control negative  (8 weeks) 

group showing the osteoblasts (Ob), osteocytes (Oc) and new capillaries (NC), 

and the histomorphometric measurements of the bone marrow space. 40X. H&E 

stain. 

 

Figure (8): Histological section of tibial bone of sheep,  control negative  (8 weeks) 

group showing the histomorphometric measurements of the bone marrow space. 

10X. H&E stain. 

 

Figure (7): Histological section of tibial bone of sheep,  control negative  (6 weeks) 

group showing the osteoblasts (Ob), osteocytes (Oc) and new capillaries (NC), and 

the histomorphometric measurements of the bone marrow space. 40X. H&E stain. 
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Figure (10): Histological section of tibial bone of sheep of the powder treated (2 

weeks) group showing the histomorphometric measurements of the bone 

marrow space. 10X. H&E stain. 

 

Figure (11): Histological section of tibial bone of sheep of the powder treated (2 

weeks) group showing the osteoblasts (Ob), osteocytes (Oc) and new capillaries 

(NC), and the histomorphometric measurements of the bone marrow space. 40X. 

H&E stain. 

Figure (12): Histological section of tibial bone of sheep of the powder treated (4 

weeks) group showing the histomorphometric measurements of the bone marrow 

space. 10X. H&E stain. 
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Figure (14): Histological section of tibial bone of sheep of the powder treated (6 

weeks) group showing the histomorphometric measurements of the bone marrow 

space. 10X. H&E stain. 

 

Figure (15): Histological section of tibial bone of sheep of the powder treated (6 

weeks) group showing the osteoblasts (Ob), osteocytes (Oc) and new capillaries 

(NC), and the histomorphometric measurements of the bone marrow space. 40X. 

H&E stain. 

 

Figure (13): Histological section of tibial bone of sheep of the powder treated (4 

weeks) group showing the osteoblasts (Ob), osteocytes (Oc) and new capillaries 

(NC), and the histomorphometric measurements of the bone marrow space. 40X. 

H&E stain. 
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       Figures 18 to 25 represent putty-treated groups within the same periods, 

displaying the variations in bone marrow space histomorphometry and the presence 

of bone cells and capillaries as significant components. showing the osteoblasts (Ob), 

osteocytes (Oc), and new capillaries (NC), and the histomorphometric measurements 

of the bone marrow space. 40X and 10X. H&E stain. These visualizations offer valuable 

insights into the dynamic changes within the tibial bone microenvironment under 

different treatments and time durations.    

 

Figure (16): Histological section of tibial bone of sheep of the powder treated (8 

weeks) group showing the histomorphometric measurements of the bone marrow 

space. 10X. H&E stain. 

 

Figure (17): Histological section of tibial bone of sheep of the powder treated (8 

weeks) group showing the osteoblasts (Ob), osteocytes (Oc) and new capillaries 

(NC), and the histomorphometric measurements of the bone marrow space. 40X. 

H&E stain. 
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Figure (18): Histological section of tibial bone of the sheep of the putty treated (2 weeks) 

group showing the histomorphometric measurements of the bone marrow space. 10X. H&E 

stain. 

Figure (19): Histological section of tibial bone of the sheep of the putty treated (2 weeks) 

group showing the osteoblasts (Ob), osteocytes (Oc)  and new capillaries (NC), and the 

histomorphometric measurements of the bone marrow space. 40X. H&E stain. 

 

Figure (20): Histological section of tibial bone of the sheep of the putty treated (4 

weeks) group showing the histomorphometric measurements of the bone 

marrow space. 10X. H&E stain. 
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Figure (22): Histological section of tibial bone of the sheep of the putty treated (6 weeks) 

group showing the histomorphometric measurements of the bone marrow space. 10X. 

H&E stain. 

 

Figure (23): Histological section of tibial bone of the sheep of the putty treated (6 weeks) 

group showing the osteoblasts (Ob), osteocytes (Oc) and new capillaries (NC), and the 

histomorphometric measurements of the bone marrow space. 40X. H&E stain. 

 

Figure (21): Histological section of tibial bone of the sheep of the putty treated (4 weeks) 

group showing the osteoblasts (Ob), osteocytes (Oc) and new capillaries (NC), and the 

histomorphometric measurements of the bone marrow space. 40X. H&E stain. 
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       Table (1) and Figure 26 show significant differences in bone marrow space 

measurements among three groups and four time periods. The type of material and 

time significantly affect bone marrow space. The putty and Granules group showed 

different bone marrow space values at 2 weeks significantly different from the values 

at 4,6,8 weeks, but the powder was recorded as less effective at lowering bone marrow 

area. 

 

 

 

   

Figure (24): Histological section of tibial bone of the sheep of the putty treated (8 

weeks) group showing the histomorphometric measurements of the bone marrow 

space. 10X. H&E stain. 

 

Figure (25): Histological section of tibial bone of the sheep of the putty-treated (8 

weeks) group showing the osteoblasts (Ob), osteocytes (Oc), and new capillaries (NC), 

and the histomorphometric measurements of the bone marrow space. 40X. H&E stain. 
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Table (1): The histomorphometry measurements of the bone marrow space in all 

groups and periods 

Bone marrow space Mean ± SE  
Control Granules Putty p-Value 

2w 112.5±6.89 aA 86.2±4.11 bA 72.7±4.67 bA 0.002 

4w 75.5±7.03 aB 63.2±3.7 aAB 58.7±4.49 bB 0.030 

6w 72.5±6.21 aB 56.2±2.49 bB 50.2±6.81 bB 0.046 

8w 61±4.41 aB 30.2±4.13 bC 25.2±3.09 bC <0.001 

p-Value <0.001 <0.001 <0.001  

Data expressed as Mean ± stander error (N= 4 animals) 

different small letters among material groups in rows mean there is a significant difference at p≤0.05 

different capital letters among periods in column groups mean there is a significant difference at p≤0.05 

 

 
Figure (26): The histomorphometric measurements of the bone marrow space in all 

groups and periods 

 

DISCUSSION 

           One of the basics of selecting animals for the experiment is knowing the purpose 

of the experiment, the extent of the animal model’s similarity to humans, its 

availability, as well as the ease of dealing with it and its cost, these features make sheep 

an excellent model for experiments on bones (7). The current study found that using 

both putty and granules of β-TCP has a positive effect on repairing tibial bones in 

sheep, with minor differences in several histological findings. One of the reasons for 

these differences is that the β-TCP putty material has a higher viscosity than the 
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granular material, making it easier to handle and apply to areas of bone injury, as well 

as the high porosity, which provides a surface with a large enough surface area for 

adhesion between bone cells and the rest of the components (8).  

            We discovered that the putty increases the quantity of bone trabeculae, bone 

marrow, and bone marrow area over time. This reflects the putty's effectiveness in 

treating bone fractures (9). While β-TCP granules include fewer fluid substances and 

are more filling for shattered bone deformities, they also give support and take a longer 

time for results to manifest (10).  We discovered that, while β-TCP granules are 

successful at generating new bone trabeculae, it is less effective at lowering bone 

marrow area and bone defects when compared to the putty over the same time, which 

is consistent with bone (11)  . 

 

Histological changes: 

After two weeks of treatment β-TCP granules: The findings revealed that there were 

early stages of healing, as evidenced by the presence of a rather big bone marrow area 

as well as some inflammation and swelling. We observed an uneven bone marrow area 

as a result of the presence of β-TCP granules, which take time to be absorbed and 

replaced by new bone (12). 

 After two weeks of treatment putty β-TCP: The presence of capillary blood vessels 

and new bone cells, which will be integrated into the new bone matrix after the gradual 

absorption of the β-TCP putty, is a good indicator of the beginning of the supply of 

oxygen and nutrients to the developing bone tissue (11). 

      The perimeter of the bone marrow area appears round, and the irregularity is 

practically identical to what was observed in the granule’s treatment, which could be 

related to the rough surface of the putty, which takes time to absorb. Due to the large 

diameter of the bone marrow area, Figure 18 indicates the existence of an uneven 

circular mass in the center of the bone marrow, suggesting the putty substance used. 

Individual variables, healing rate, particle size, and porosity all influence the length of 

β-TCP absorption (13). 

After 4 weeks of treatment with granules β-TCP: The histological results appear to 

be more advanced in terms of the presence of a more circular bone marrow space that 

gradually fills with bone cells, and this depends on the extent of the granules 

resorption by the bone and its replacement with new tissue. 

After 4 weeks of treatment with putty β-TCP: Figure 20 indicates a considerable 

decrease in the area and circumference of the bone marrow compared to Figure 18 and 

the two-week timeframe, where new capillary blood vessels and bony trabeculae 

appear to fill the gap and heal the defect. This demonstrates that the healing process is 
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well underway. There are many molecules of material. β-TCP dispersed throughout 

the portions of the bone, indicating that the putty is still being absorbed by the bone. 

After Six weeks of treatment with β-TCP putty: Overall, the histological findings in 

Figure 22 are consistent with the expected healing process for a bone defect treated 

with β-TCP putty at 6 weeks. The bone defect is almost filled in with new bone tissue 

and the β-TCP putty is much resorbed. The healing process is very close to completion 
(14).   

After eight weeks of treatment with β-TCP granules: The histological appearance 

shows an almost complete completion of the healing process, with a reduced bone 

marrow area compared to a period of two and four weeks, as well as a decrease in the 

number of bone cells and the presence of blood vessels as healing approaches. 

The decrease in bone marrow space area and perimeter is also likely due to the 

resorption of the β-TCP granules. As the bone defect heals, the β-TCP granules are 

replaced by new bone tissue. This process takes time, but it is essential for the complete 

healing of the bone defect (15).  

 After eight weeks of treatment with β-TCP putty: Figure 24 shows a very similar 

histological picture to Figure 18, which is of a bone defect treated with β-TCP putty at 

2 weeks. The main difference is that there is much less β-TCP putty present in Figure 

24. This indicates that the bone defect has healed significantly over the 6 weeks. 

Overall, the histological findings in Figure 24 suggest that the bone defect has healed 

very well .  The histological findings in Figure 24 suggest that β-TCP putty is an 

effective material for promoting bone healing. At 8 weeks, the bone defect is 

completely filled in with new bone tissue, and the β-TCP putty is much resorbed. The 

healing process is very close to completion. 

            Faster Resorption, the histological findings indicate that the β-TCP putty is 

resorbed more quickly compared to the granules form. In the 8-week assessment, there 

is significantly less β-TCP putty remaining in the bone marrow space, suggesting a 

faster rate of resorption. This faster resorption is advantageous as it allows the bone to 

be replaced with new tissue more rapidly (16). Putty contains fewer intermolecular 

holes, a smaller surface area, and faster absorption than granules (Saska et al., 2015). 

As a result, the granules are frequently utilized in circumstances when additional 

support and time are required to heal broken bones (17). 

Histomorphometric measurements 

            Based on the results, it appears that both Granules β-TCP and Putty β-TCP 

affect the bone marrow area. In comparison between Granules and putty β-TCP, at all 

periods, the area of bone marrow in both Granules -TCP and Putty -TCP is less than 

that in the control group. This suggests that -TCP is effective in reducing the size of 
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bone marrow by influencing the microenvironment of the bone marrow, resulting in a 

reduction in the measured area (18; 19). 

 

CONCLUSIONS 

The results showed that both Granules β-TCP and Putty β-TCP have positive effects 

on the healing of bone fractures.   Putty β-TCP showed a faster rate of resorption of the 

material and accelerated healing with an improvement in the forms of bone defects 

and a lesser inflammatory response. It was found that there was a decrease in the bone 

marrow space in both subjects compared to the control. 
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تأثير فوسففففثلاث ثاثك لسيلاس ففففيوم فك كا ه  لمففففيلاسل لسبيةوف  لسج ي يب فك  ا   يو   

 لسيظلام فك للأغنلام
 عبد الله مهدي, سيف سعد 

 لسبلخص 

تهدف هذه الدراسةةةل  لق تمييم اممةرتل تر يب ببيبةل الفاسةةةفةل  ك ل المةلاةةةيان اال عفاء علق وةةةفةظ العياد الع  يل  عد الاهداف:  

سةةكلل ا   ةن الذرار ال عليل ي يع ا   ةن ما تف   ما  : أر ع طرلئق لسيبالسبولد  الإصةةة ل ال اةة علل علق ع م الاةةةلأ ما ا   ةن.  

اابد فل رل خباف    ل عضةيبأسةة يع.. تم  يباظ ع ليل يبابيل   8أسةة يع    6أسةة يع     4أسةة يع      2ال زرعل. تم ت فيذ أر ع ف بال )

فل ف بتيا فةصةةل يا ل دأ أسةةباعيا  يا رل ع ليل يبابيل )ع ليل يبابيل اابدأ علق رل خباف تفعل ف بأ ال باابل الإي ةليل   ةتيل 

: تمشةةف الدراسةةل عا لسنتلائجخيبأ   تم الم ل الببيم للعيااتةل   ةظ علق يدال زم ل مفدال.  أسةةة يع..  عد أسةةباعيا ما الع ليل ا 

تغيبال ربيبأ فل  ةتيةل الع م   االخكية الع  يل   االشةةعيبال الدمايل الفديدأ   االميةسةةةل ال اةةيفيل ل اةةةبل تخةب الع م   بار 

الاات   اتعبض الدراسةل أااةةمة تاةيفيل ما ا   ةن ال عةلفل  ةلعبيبةل اال عفاء   اتمشةف عا تغيبال فل ايةن ال اةيس ال اةيفل 

تمب ال عفاء االعبيبةل -β : علق الب م ما أء رك ال اعيا ماللاسففتنتلاتلاث خةب الع م ااياد خكية الع ةن االشةةعيبال الدمايل.  ل

تمب ادرأ وةفةظ أفضةل اأسةبب ما العبيبةل   مع تعاةا ملعار فل م  مل  -β تعاةا  لق بد ربيب ال اةن راةب الع ةن   أرهب ال عفاء

 .تخةب الع ةن


