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Abstract 

Introduction: For description of structural changes of trabecular 

bone, a new stereologic method can be used. Progesterone One of 

naturally occurring steroid hormone that is crucial for procreative 

purpose, progesterone has the Chemical Formula C21H30O3. 

Materials and Methods: 60 domestic adult male rabbits had been 

selected, randomly divided into three groups: control negative 

groups, control positive group, and study group. Each group 

sacrificed at day 3, 7, 21, and 28.  

Results: star test measurement reveals bone trabeculae formation 

faster in study group than other two groups. Marrow space less in 

the study group.  

Conclusion: HPC enhanced bone formation by recruitment of 

osteoblast for bone formation at the defect size. 
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Introduction : 
 

The star volume is a stereologic new 

parameter that is defined as the average 

volume of an object's constituent parts, 

these parts in all directions should be un 

obscured from a certain location inside the 

object. This test demonstrates structural 

changes of bone. Use when Baddeley’s 

vertical or isotropic sections only when it 

is impartial in this parameter (1, 2). 

Two measurements can be used for 

definition of trabecular bone structure: the 

(V*tr) trabecular star volume and marrow 

space star volume (V*m. space). The 

average of trabecula volume along all 

directions to the margin of the trabecula as 

designated from internal point is V*tr. 

While V*m. space represents the average 

volume of marrow cavity measured from a 

particular point that is unobstructed by the 

trabecula in every direction. The V*tr 

becomes larger and the V*m. space 

becomes smaller, with increasing 

trabecular number and continuity. 

Conversely with decreasing trabecular 

number and continuity, the V*tr becomes 

smaller and the V*m. space become larger 
(3-5). Progesterone is one of naturally 

secreting steroid hormone that is crucial 

for procreative purpose (6-8). Progesterone 

has the Chemical Formula C21H30O3 (9). 

Progestogens are either natural or 

synthetic. Natural compounds are those 

similar to those produced by living 

organisms. In contrast, synthetic 

progestogens are made in the laboratory 

and their structures have been modified 

and are not like natural progestogen (10). 

Hydroxyprogesterone Caproate is an oil 

solution available for intramuscular (IM) 

injection, naturally presenting 

progestational hormone composed of 

sterilized long-acting form of the caproate 

ester (11). Progestins “an efficient 

pharmaceutical family of HPC” (12). 

Hydroxyprogesterone caproate is known 

by the chemical name pregn-4-ene-3,20-

dione, 17[(1-oxohexyl) oxy]. Its molecular 

weight of 428.60 and its empirical formula 

of C27H40O4. The crystalline powder 

known as Hydroxyprogesterone caproate 

is white to creamy white in color (11, 12). 

In general, the actions of Progesterone and 

progestins result from their union with 

progesterone receptors (PRs), a member of 

a large family of ligand-activated nuclear 

transcription regulators, which are 

characterized by organization into specific 

functional domains and are conserved, to 

differing degrees, between species and 

family members (13-15). 

 

Materials and Methods 
The protocols of the study were approved 

by the research ethics committee of 

University of Mosul / Collage of 

Dentistry, REC reference number: UoM. 

Dent. 25/ 23. This study was held at 

College of Dentistry / University of Mosul 

/ Iraq from May 2023 to September 2023. 

Sixty domestic adult male rabbits had been 

selected, the average weight of these 

rabbits was 1500 ± 50 gm, and age 

between 8-10 months. Rabbits were 

randomly divided into three groups: 

control negative groups that lift without 

anything and sacrificed at day 3, 7, 21, and 

28. Control positive group that received 

treatment by putting only gelfoam in holes 

prepared for receiving this treatment. 

Study group that includes adding 

hydroxyprogesterone caproate hormone 

into gelfoam. The HPC dose was 

calculated according to (16-18) to be 4mg/kg 

per bone defect for local delivery of HPC. 

This dose is still less than the lethal dose 

of progesterone as reported in rabbits, the 

LD50 is 26.5 mg/kg of body weight (7). The 

surgical procedure involves anesthetized 

the rabbit by given 40 mg/kg ketamine 

injection (19,20) intramuscularly in the thigh 

muscle of the rabbit, mixed with xylazine 

4 mg/kg of rabbit weight (19,21), then 

animal hair was removed and the area for 

surgery was cleaned with povidone iodine 

solution, after incision and exposure of the 

femoral bone, two holes were made by 

low-speed handpiece with round bur 3 mm 

with continuous irrigation of normal saline 

(0.9 %), the space between holes was 

measured to be about 1 cm. the application 

of materials according to the selected 

group. 

All the samples stained by Hematoxylin & 

Eosin, read by digital light microscope, 
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attached to digital histomorphometric 

analysis software of OPTIKA. 

Descriptive statistics of all variables are 

presented as mean ranks. Comparison 

Between different time periods were 

evaluated by performing analysis by 

Kruskal -walls test. Statistical analysis was 

made by using Spss 25 computer software 

program.  

 

Results: 
Three days period: After surgery at this 

period, there were many cells within the 

defected area. The cells were 

mesenchymal stem cells (which derived 

locally from periosteum), which could be 

distinguished from cells morphology and 

would differentiate into osteoblasts with 

time. The activated mesenchymal 

osteoblasts proliferated and secreted high 

amount of collagen to form the osteoid 

later. In this period there is no bone 

formation either in control negative or 

control positive and study group just 

inflammatory cells infiltrate, except in 

study group, as seen in figure 1. So, the 

star volume test is zero. 

Figures (5-8) represents the diagrams of 

vales of measures of marrow space by the 

histomorphometric software by 

micrometer unit (μₘ), in figure 5 there is 

no bone formation at three days period in 

all groups, while in figure 6 of seven days 

period only study group show bone 

formation. Figure 7 and 8 show bone 

formation in all groups but the study group 

show further bone formation, this is 

explained by that when decreased in star 

volume test measured by the software 

mean that increased bone formation, this is 

in inverse relationship. 

 

Seven days period: At day 7 after 

surgery, the amount of the woven bone 

increased at the defected area with the 

matrix still randomly oriented. The 

formation of pre-existing trabeculae to 

form lamellar bone later. This can be seen 

in study group but in control negative and 

control positive there is just granulation 

tissue formation. As seen in figure 2. 

 

21 days period: in this period there is 

bone formation in all groups, but the study 

group (the group that contain HPC 

material) show more bone trabeculae and 

less marrow space, as seen in figure 3. 

 

28 days period: in this period bone 

formation approximately complete but the 

study group shows well organized bone 

formation, as seen in figure 4. 

 

Discussion: 
Progesterone is a steroid hormone that acts 

on the human body through various 

mechanisms. In addition to the traditional 

activity, it is linked to the female body and 

gestation, and it is crucial for male fertility 

as well as the neurophysiological 

condition and emotional state of both 

sexes (6). Neither Progesterone or synthetic 

progestins have no or only minor effects 

on bone. Osteoblasts and osteoclasts can 

be identified by Progestin receptors, and 

its derivatives have a limited effect on the 

density of bone. (22). 

Star volume a stereological parameter that 

provides a three-dimensional assessment 

of the size of the trabeculae and marrow 

space, is used to quantify new bone 

structure and is a reasonably accurate way 

to assess the development of new bone 

from bone substitutes (3). 

Inflammation is a key response in bone 

healing. Healing worsened by excessive 

inflammation, and impairment for 

inflammation lead to impede healing and 

rise rates of delayed osseus healing (23). 

During the first 3 days of defect healing 

there is inflammatory cells infiltrate with 

no bone formation, an excess level of an 

inflammatory response can impair fracture 

healing. 

During the period of day 5 to 11, vascular 

endothelial growth factor (VEGF) is 

released, causing angiogenesis at the 

defect site and the development of fibrin-

rich granulation tissue inside the 

hematoma.  Bringing in addition 

mesenchymal stem cells to initiate their 

differentiation to fibroblasts, 

chondroblasts, and osteoblasts. 

Chondrogenesis, as a result starts to 

happen, fibrocartilaginous collagen-rich 

network spanning started laying down at 

the fracture ends, with a surrounding 

hyaline cartilage sleeve. A layer of woven 
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bone laid down by osteoprogenitor cells, 

at the same time, adjacent to the periosteal 

layers (24). Through this period after 

inflammation resolved, HPC thought to 

activate the cells present in the area 

around defect created, and accelerate the 

recruitment of cells to differentiate it to 

most important cells for bone healing. 

This explains the presence of bone 

trabeculae in study group at this period of 

healing. 

During week 3 after surgery, finished cell 

proliferation was occurred. Scarcely any 

new woven bone could be seen in the 

wound. Formation of typical lamellar 

structure, by mineralization of newly 

formed trabecular bone (25). At this period 

during our study almost all the trabecula 

of bone mineralized, the marrow space 

decreased with time. 

At week four after surgery, BMU (Basic 

Multi-cellular Unit) appeared on the 

surface of almost all the newly formed 

trabecular bone at the fracture site and 

reached a peak at 6 weeks (25). In our study 

at this time all the bone reached the 

remodeling to mineralize all the bone 

formed. 

 

Conclusion:  
Bone formation occurs in HPC group 

earlier than other group; this may be due 

to acceleration in the differentiation of 

cells that present defect site. 
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Figure 1: Three days period. Section in rabbit’s femoral bone with H&E stain. A: control negative 

group,10x. B: control positive group, 10x. C: study group, the pointer reveals the osteoblasts 

aggregation (Ost). (BT) Bone trabeculae formation, Inflammatory Cells (IC),40X. 
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Figure 2: Seven days period. Section in rabbit’s femoral bone with H&E stain. A: control negative 

group, show granulation tissue formation (GT), Old bone (Ob), 40x. B: control positive group, 40x. C: 

study group, appearing osteoblasts (Ost), Osteocytes (Oc), marrow space. 40X. 
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Figure 3: Twenty-one days period. Section in rabbit’s femoral bone, H& E stain. A: Control negative 

group, 40x. B: Control positive group, 40x. C: Study group, 40x. Osteocyte (Oc), Osteoblast (Ost). 

 

 



Star Volume Measurement of Marrow Space ….13(1) (2025) 189-199                                                

196 

 

 

 

 
Figure 4: Twenty-eight days period. Section of rabbit’s femoral bone with H&E stain. A: Control 

negative group, 40x. B: Control positive group, 40x. C: Study group, 40x. 
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Figure 5: Diagram of Three days bone defect 

 

 
Figure 6: Diagram of Seven days bone defect. 
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Figure 7: Diagram of twenty-one days bone defect. 

 

 
Figure 8: Diagram of twenty-eight days bone defect. 

 

Table 1: Kruskal -Wallis Test among four different groups. 

Groups Day 3 Day 7 Day 21 Day 28 

Con -ve 8.00 5.50 9.20 9.40 

Con +ve 8.00 5.50 8.80 11.60 

Study 8.00 13.00 6.00 3.00 

P-valu 1.00 0.001 0.468 0.007 
Note: table include mean rank with interquartile range (IQR). 

P value ≤ 0.05 significance. 

P value ≤ 0.01 highly significance. 

There is highly significance at day 7 of defect healing, the P value is 0.001 which reveal bone healing at the study group at 

this period. Table 1 reveal the mean values and p-values of the three different groups at the different time intervals of the 

procedures. 
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