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Abstract 

 
This study was conducted to estimate the bony tissue response to β-calcium sulphate hemihydrate (CSH) as a bone 

substitute via radiographic assessment using ImageJ software. The extraction sockets in dog mandible were the regions of 
interest (ROI). Twenty adult (12-24 months), local breed dogs were included in the experiment. All had a complete set of 
permanent dentition. They were randomly allocated into four groups, each containing 5 animals. Bilateral lower third 
premolars have been extracted. The right socket was filled with β-calcium sulphate hemihydrate, whereas no material was 
placed to fill that in the left side to serve as a control. Tissue response in extraction sockets was evaluated using two post-
operative intra-oral periapical radiographs for each tooth socket, the first immediately after extraction and the second at the end 
of each study interval (i.e., after 2 weeks, 4 weeks, 8 weeks, and 12 weeks period for group I, II, III, and IV, respectively). The 
radiographs were converted from conventional to digital by X-ray scanner, then examined by ImageJ software. Radiographic 
assessment included the evaluation of differences in extraction sockets densities, bone resorption %, bone formation %, and 
density of the newly formed bone. The results showed significant differences between the left (control) and right 
(experimental) sides in all study periods in relation to differences in extraction sockets densities. Meantime, significant 
differences were noticed between right and left sides during a 12 week period in relation to bone resorption and bone 
formation %. Concerning density of the newly formed bone, significant differences were noticed during 8 week and 12 week 
period.In conclusion, the use of β-calcium sulphate hemihydrate as a bone substitute significantly reduced bone resorption and 
increased the rate of new bone formation. In addition, the density of the newly formed bone in the right (experimental) side 
was greater than that noticed in the left (control) side. 
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  باستخدام في الكلب مائية نوع بيتا على التئام الفك السفليالنصف تأثير كبريتات الكالسيوم 
  )Image-J (تقييم اشعاعي باستخدام برنامج

  
  محمد خليل حسوني و محمد صالح سليمان

  
 فرع جراحة الفم والوجه والفكين، كلية طب الأسنان، جامعة الموصل، الموصل، العراق

  
  الخلاصة

  
عظمي وذلك بتقييم التصوير  بوصفه بديللكبريتات الكالسيوم النصف مائية نوع بيتا استجابة النسيج العظمي ديرھذه الدراسة لتقأجريت 

ً كلب اً عشرونأختير فرة قلع السن في الفك السفلي للكلب.وقد استخدمت حتم . Image-J الشعاعي عن طريق استخدام برنامج ً محلي ا بالغ  ا
. قسمت الحيوانات عشوائيا الى اربعة الدائمةالحيوانات المختارة تمتلك مجموعة كاملة من الاسنان جميع للتجربة. شھرا")  ٢٤-١٢(

 تحيوانات. تم قلع السن الضاحك الاسفل الثالث في كلا الجھتين لكل حيوان. في الجھة اليمنى تم ملئ ةمجاميع، كل منھا يحتوي على خمس
مائية بينما لم يتم وضع أي مادة في الجھة اليسرى للقلع لكي تبقى كجھة ضابطة النصف كبريتات الكالسيوم باستخدام حفرة السن المقلوع 

مباشرة بعد القلع و الثانية في نھاية  قة القلع، الاولى(سيطرة). الاستجابة النسيجية في حفر القلع تم تقييمھا بأخذ اشعتين بعد الجراحة لمنط
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. )عشر اسبوعا للمجموعة الاولى، الثانية، الثالثة، الرابعة على التوالي يسابيع، اثن، اربعة اسابيع، ثمانية اكل فترة زمنية (بعد اسبوعين
التحليل الاشعاعي شمل . Image-Jباستخدام برنامج  لتفحصالأشعات من عادية الى رقمية باستخدام جھاز مسح الأشعة الضوئي  حولت

وكذلك كثافة العظم الجديد. أظھرت  المئوية لتكوين العظم، النسبة النسبة المئوية لارتشاف العظم،تقدير الفرق في كثافة الحفرة السنية، 
الفرق في كثافة بخصوص في كل فترات الدراسة وجود فروقات معنوية بين الجھة الضابطة (اليسار) وجھة التجربة (اليمين) النتائج 

فيما يخص النسبة المئوية لارتشاف العظم  اسبوعا ني عشرثالا خلالفروق معنوية بين الجھتين لوحظت  الحفرة السنية. في الوقت ذاته
كثافة العظم الجديد. الثمانية اسابيع والاثني عشر اسبوعا بالنسبة ل مدة وجود فرق معنوي خلال كما لوحظ.النسبة المئوية لتكوين العظمو

ً عظمي بديلاً المائية نوع بيتا نصف كبريتات الكالسيوم استنتج من ھذه الدراسة ان استخدام  زاد نسبة نسبة ارتشاف العظم الى حد كبير و قلل ا
 جھة اليسار كانت اكبر من كثافة العظم المتكون في )التجربة(جھة  اليمين ان كثافة العظم المتكون في جھة علىتكوين العظم الجديد فضلا 

 .)الجھة الضابطة(
 

 
Introduction 

 
Tooth extraction may encourage extensive dimensional 

changes of the alveolar ridge subsequent to tooth loss, 
leading to considerable changes in the structure and 
morphology of the alveolar bone. The percentage of these 
changes during the first year after tooth loss is almost 10 
times greater than that during later years (1). The problem 
that dentists face is how to undertake tooth extractions 
without retreating ridge dimensions (2). In dentistry 
nowadays, the most inventive and rousing treatment 
modality for substituting missing teeth is the endosseous 
dental implant (3). That is why bone conservation after 
extraction plays an important role in achieving proper 
results in subsequent prosthetic and implant treatments (1). 
Consequently, bone grafting procedures to augment the 
alveolar ridge following tooth extraction are frequently 
performed in modern dentistry (3). Several graft materials 
have been proposed, although autogenous bone graft has 
been considered the gold standard. But, the main 
disadvantages are a limited amount of graft material, the 
need of an additional surgical site, increased donor-site 
morbidity, and the need to use general anesthesia for the 
extraoral bone harvesting (4-6). As an alternative to 
autogenous bone graft, numerous materials have been 
successfully employed. Collagen, ceramics, bioglasses, 
polymers, xenografts, allografts, alloplasts, and synthetic 
hydroxyapatites are among the materials encompassed in 
this category (7). Of great benefit to clinicians would be a 
material that is completely resorbable, safe, inexpensive. 
The ability able to maintain space, and serve as a reservoir 
for calcium ions (8). Interestingly, calcium sulphate is one 
of the first materials reconnoitered as a substitute for bone 
grafting in many fields of medicine (from dentistry to 
orthopedics). It possesses an extended history of safe use 
for over a century (9–12). The first reported case in the 
modern era where calcium sulphate was used to treat 
cavities in bone is from 1852 by Mathysen (a Dutch army 
surgeon) who assimilated plaster into a bandageable form 
(the form with which we are familiar today). Nowadays, 
calcium sulphate and its derivatives continue to be the 

object of research and interest in dentistry and orthopedics 
(13). In order to determine whether a newly developed β-
calcium sulphate hemihydrate bone filling material 
conforms to the requirements of biocompatibility, 
mechanical stability and safety, it must undergo rigorous 
testing both in vitro and in vivo. Results from in vitro 
studies can be difficult to extrapolate to the in vivo 
situation. Recently, analysis of bone texture on radiographs 
became a common way to investigate bone 
microarchitecture (14,15). Several researchers stated that in 
vivo radiographs are typical analytical methods for testing 
the biocompatibility of such materials. However, 
conventional radiography presents some limitations due to 
low sensibility and high inter-examiner disagreement (16). 
X- ray scanner is used to convert conventional dental 
radiographs into digital images and save them into 
computer (17,18),the scanned digital radiographic image 
can then be displayed by ImageJ program. It is a scientific 
image processing, freely available java-based public-
domain and analysis program (19–21). According to our 
knowledge, no previous study on the healing procedure in 
the extraction socket depending on the radiographic 
analysis using ImageJ program was found in the literatures. 
So, the aim was to study the bony response to β-calcium 
sulphate hemihydrate as a bone substitute prepared from 
Iraqi gypsum rocks (22) via radiographic assessment (using 
ImageJ software) of the material implanted into the socket 
immediately following extraction of dog mandibular 
3rdpremolar. 

 
Materials and methods 

 
Twenty local breed dogs in good general health with an 

average age (12-24 months) and weighing (13-24 
kilograms) were included in the experiment. The selected 
animals should have a complete set of permanent dentition. 
The animals were divided randomly into four groups, each 
containing 5 animals as shown in Table (1). 

The animals have been placed in special cages contrived 
for this purpose in the animal house at the College of 
Veterinary Medicine, University of Mosul. They were fed 
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the dog is more suitable as a model for human bone from a 
biological standpoint. In terms of mineral composition, 
humans and dogs do not show significant differences (28-
30). In the present study, the extraction sockets in dog 
mandible were the regions of interest (ROI) for 
demonstrating the response of bone tissue to an implant 
material. Moreover, dog was chosen due to the anatomical 
and histological resemblances to those of humans. Ease of 
access, simplicity of procedure, less traumatic placement, 
the healing properties and size similarities with humans are 
additional factors making this model appropriate for such 
study as proof of efficacy or safety of the material prior to 
registration or human clinical trials (16,31). 

ImageJ program was used in the present study for 
radiologic assessment since it is an essential tool that 
fulfills most of routine image processing and analysis 
requirements. Another strength is the large number of 
automated image segmentation algorithms, again allowing 
the user to choose the most appropriate one, which is 
considered a significant advantage (32). ImageJ calculates 
area as a number of pixels, also it measures density in 
pixels depending on the gray scale difference in pixel value 
statistics for user-defined selections (33). 

The early resorption of calcium sulphate as indicated by 
many previous researches (7,34–37) leaves calcium 
phosphate lattice in the area; the presence of high 
concentrations of calcium ions gives more radio-opacity 
compared to the control side, and it encourages the 
subsequent ingress of osteoprogenitor cells leading to early 
new bone formation; that’s why a highly significant 
differences were observed between the right (experimental) 
and left (control) sides in relation to differences in 
extraction sockets densities (Table 2, Figure 2). This was in 
line with other previous confirmations (38-40). Many 
dental and orthopedic literatures concluded that resorption 
of calcium sulphate is rapid and complete when compared 
with other implantable regenerative materials such as 
hydroxyapatite. It seems to be completely resorbedin 4–
10weeks depending on the vascularity of the grafted site, 
ingress of osteoprogenitor cells and life span of the model 
(6,38,40-43). It was found that the presence of calcium 
sulphate (and the subsequent release of high concentrations 
of calcium ions) in the implantation siteis associated with 
increased concentrations of bone morpho-genetic protein 
(BMP)-2, BMP-7, transforming growth factor- b (TGF-b), 
and platelet-derived growth factor (PDGF), all of which 
play a role in bone regeneration. In the aggregate, these 
results suggest that this material does not act simply as a 
bio-inert filler, but it may play a more active role in 
osteogenesis (44). 

Animal studies have shown that the dissolution of 
calcium sulphate hemihydrate was accompanied by 
formation of resorption pits due to the attachment of 
osteoclasts (bone resorbing cells) to calcium sulphate 

hemihydrateas they possess a calcium sensing receptor 
(CaSR), which may regulate their activity based on local 
calcium concentration, and subsequently lead to resorption 
of the material but not the surrounding bone(4,45), and this 
gives us a reasonable explanation for the less bone 
resorption in the experimental side compared to the control 
one in this study (Table 3, Figure 3). Meanwhile this 
resorption is principal to the precipitation of a calcium 
phosphate (CAP) lattice around the resorbed particles, to 
which osteoblasts (bone forming cells) attach resulting in 
new bone formation. This could interpret the greater bone 
formation percentage (Table 4, Figure 4) and the highest 
density of newly formed bone in this study at the 
experimental side (Table 5, Figure 5). Moreover, calcium 
ions released during dissolution of calcium sulphate will 
lead to local increases in calcium ion concentration, which 
may stimulate osteoblast proliferation and differentiation 
from undifferentiated mesenchymal present in the area due 
to the release of growth factors resulting in modulation of 
osteoid synthesisby a process of creeping substitution 
(46,47).The presentstudy concluded that the use of β-
calcium sulphate hemihydrate (CSH) prepared from Iraqi 
gypsum rocks as a bone substitute significantly reduced 
bone resorption and increased the rate of new bone 
formation. In addition, the density of the newly formed 
bone in the experimental side was greater than that noticed 
in the control side. 
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