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ABSTRACT

Aim Alveolar ridge resorption after tooth extraction is a growing 
challenge  in implant therapy. Various surgical techniques have been 
suggested to  minimize ridge volume loss. In this study, we compared the 
efficacy of medical grade calcium sulfate (MGCS) with and without freeze-
dried bone allograft (FDBA) in alveolar ridge preservation.
Materials and Methods In this randomized clinical trial, we assigned 
77 premolar and molar extracted sockets to the following groups: MGCS 
(n=26), MGCS+FDBA (n=25), and control (no intervention; n=26). The 
filled sockets were covered by a collagen membrane. All groups returned 
3 months after the intervention. We used a digital caliper and intraoral 
parallel radiography to assess changes in ridge width and height.
Results A total of 64 out of 77 patients returned for the 3-month follow-
up. No significant difference existed between the groups with respect to 
age, gender, type and position of the extracted teeth. The control group 
had significantly greater reductions in both ridge width and height 
compared to the MGCS and MGCS+FDBA groups (P<0.0001). We observed 
no significant difference between the MGCS and MGCS+FDBA groups 
with respect to alterations in the alveolar ridge dimensions (P>0.05). Men 
had significantly greater changes in ridge height compared to women 
(P<0.01). Alterations in ridge width were significantly higher in the 
mandibular compared to maxillary teeth (P<0.05).
Conclusion There is no difference between effectiveness of MGCS and 
MGCS+FDBA in preserving human ridge dimensions up to 3 months after 
a tooth extraction. However, additional studies are proposed to verify 
these results.
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INTRODUCTION

A tooth and its surrounding tissues (i.e., cementum, 
periodontal ligament, and bundle bone) form a 
functional unit that transfers a force to the jaw 
bone during chewing (1). Alveolar bone resorption 
following tooth extraction and alterations in gingival 
contours are a major concern in treatment plan (2, 
3). Although the underlying mechanism is uncertain, 
lack of function in the absence of a tooth appears 
to drive bone resorption as a physiological response 
of the cells to adapt to a new condition (4). In 
addition, local inflammation, surgical trauma due 
to tooth extraction, and reduced blood supply to 
tissues that have low function contribute to alveolar 
ridge resorption (5). The resorption rate is 10 times 
higher during the first year after tooth extraction 
(6). Changes in the volume of the alveolar ridge may 
cause failure of the fixed prosthesis, implant therapy, 
implant survival, and chewing force transfer to the 
bone (1, 7). Various surgical techniques proposed 
to minimize alveolar ridge volume loss include 
immediate implantation, limited flap elevation, 
atraumatic extraction, use of barrier membranes, 
grafts, and bone substitutes/fillers in the sockets 
(2, 3, 12-14). Although immediate implantation to 
restore function of the ridge has been recommended 
as the best approach, it is not always applicable or is 
ineffective for reducing resorption in the buccal wall; 
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in these cases, preservation with membrane and bone 
grafts is a favorable alternative (8, 9). Calcium sulfate 
(CS) has long attracted the attention of clinicians as 
a widely available, relatively inexpensive biomaterial 
for use in orthopedics and dentistry for periodontal 
defect repairs, as well as protection of bone resorption 
without causing considerable inflammation (15-17). 
In addition, membranes that cover the filled bone are 
believed to decrease the resorption process (18-20); 
however, evidence has shown no significant difference 
in resorption rate with or without a membrane 
(21). Various mineralized and demineralized freeze-
dried bone allografts (FDBAs) have been recently 
introduced for alveolar ridge preservation (22, 23). 
To the best of our knowledge, there is no evidence 
regarding the effectiveness of the combination of CS 
and FDBA in alveolar ridge preservation after tooth 
extraction. In the current study, we have compared 
the efficacy of medical-grade CS (MGCS) alone and 
in combination with FDBA in terms of a decreased 
alveolar ridge resorption rate among Iranian patients.

MATERIALS AND METHODS

This study enrolled a total of 77 premolar and molar 
sockets from extracted teeth of 77 individuals, 
aged 17-46 years, who referred to the Oral and 
Maxillofacial Surgery Ward of the Dental School 
of Tehran University of Medical Sciences for tooth 
extraction during February-May 2012. The procedure 
was done with an expertise attending member.

Inclusion criteria were as follows.
The teeth numbers 4, 5, or 6 according to the Palmer 
Notation Numbering System needed to be extracted 
due to endodontic problems or tooth decay.
A tooth was adjacent to the socket of the extracted 
tooth.
Socket walls remained intact, and the thickness of 
the buccal and palatal/lingual plates was 0.8-1.3 mm.
Exclusion criteria consisted of: ankylosed tooth, 
socket walls fracture during tooth extraction, chronic 
or aggressive periodontitis, periodontal or periapical 
abscess, loose tooth, bone loss, and systemic disease 
infection, graft and membrane exposure, pregnancy, 
breast-feeding and medication consumption that 
altered bone metabolism (i.e., bisphosphonates, 
glucocorticoids, long term NSAID therapy).
We randomly assigned participants to three groups: 
MGCS (n=26), MGCS+FDBA (n=25), and control 
(n=26). The control group did not undergo any socket 
preservation techniques. Each individual received 
local anesthesia (lidocaine with epinephrine 1:80000) 
at the site of the target tooth. The tooth extraction was 
done simply and atraumatically as a routine way and 
we tried to preserve all socket walls during procedure. 
After tooth extraction, we measured the buccal and 
lingual wall thicknesses, approximately 3 mm below 
the gingival margin with a digital caliper. Considering 
the gingival thickness between 0.8-1.3 mm. After 
washing with normal saline, the socket was filled 
with MGCS particles (120 µm) or with MGCS+FDBA. 
Next, we covered each socket from both groups with 
a collagen membrane fixed with a suture (Fig. 1). The 

FIG. 1 Filling the socket wit medical-grade calcium sulfates, with or without Freeze-Dried Bone Allograft covered by collagen membrane (A), and then fixed 
with suture (B).
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RESULTS

A total of 64 patients came for the 3-month follow-
up. All the follow up arrangement was done with 
one expert attending of oral and maxillofacial 
surgery. Ten patients did not return during follow ups 
arrangements, 2 patients in the MGCS group suffered 
severe pain following tooth extraction which was 
reduced by acetaminophen/codeine administration, 
and the membrane regressed in one patient in the 
MGCS+FDBA group. According to Table 1, there was 
no significant difference between the MGCS and 
MGCS+FDBA groups.
With respect to dimensional ridge alterations, we 
observed that the control group had significantly more 
reduction in the width of the alveolar ridge compared 
to the MGCS and MGCS+FDBA groups (P<0.0001). No 
significant difference existed between the MGCS and 
MGCS+FDBA groups in reduction of the alveolar ridge 
width (P=0.654) (Fig. 3A). There was significantly 
less reduction in the mean height of the ridge at the 
mesial, central and distal points in both the MGCS and 
MGCS+FDBA groups compared to the control group 
(P<0.0001). No significant difference existed between 
the MGCS and MGCS+FDBA groups with respect to 
alteration in the height of the alveolar ridge (P=0.846; 
Fig. 3B).
The observed differences in the width and height 
changes between the groups were independent 
of the age and gender of the patients according to 

control group received no intervention. We assessed 
the height of the alveolar ridge by intraoral parallel 
radiography using Ektaspeed Plus Dental X-ray film 
(Kodak) and an XCP-DS Sirona Dental System (Kerr, 
Total Care, Swiss) at 70 kVp, 8 mA, and 0.4 S. Silicone 
teeth molding (Dental Line, Piraeus, Greece) for 75 S 
was made for standardization and repeatability of the 
radiography. A fissure bur was placed adjacent to the 
socket for magnification measurements.
Patients were prescribed 0.2% chlorhexidine gluconate 
mouthwash (bid for one week) and acetaminophen/
codeine (300 mg/10 mg) each 8 hour for 3 days. 
They were asked to immediately contact or return in 
the case of continuous pain or signs of infection. At 
the three-month follow-up visit, we measured the 
alveolar width of the ridge, 3 mm below the ridge 
edge, using a digital caliper (Fig. 2A) with local 
anesthesia. We used an intraoral parallel radiograph 
to measure the alveolar height. The radiographs 
were transferred to a computer with a scanner (HP 
Scanjet G4010). We used Photoshop CS3 software 
(Adobe, USA) to draw an anatomical CEJ mesial and 
distal connecting line, as the reference line (Figure 
2B). The distances between this line and three mesial, 
central and distal points at the top of the crest were 
measured in mm and reported in actual values based 
on the degree of magnification. This study has been 
approved by the ethics comittee of research affair 
of Tehran University of medical sciences and all the 
participant signed an informed consent.

FIG. 2  Width and height of the ridge were measured using a digital caliper (A) and parallel intraoral radiograph (B), respectively.
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multivariate ANOVA. However, results of the intra-
group analysis regarding gender revealed significantly 
greater changes in the height of the ridge in men 
compared to women (P<0.01), particularly at the 
central and distal points. The alterations in the ridge 
width were significantly higher in the mandibular 
compared to the maxillary teeth (P<0.05).

DISCUSSION

In the present study, we compared the efficacy of 
MGCS with and without FDBA in the protection of 
alveolar bone ridge from resorption. Our results 
indicated that both approaches considerably preserved 
the ridge dimensions during 3 months after tooth 
extraction compared to the control group. However, 
no significant differences existed between the efficacy 
of MGCS alone and MGCS combined with FDBA in 
terms of ridge preservation at the 3-month follow-
up. This observation supported results by Toloue 
et al. (24), who reported no significant difference 
between effectiveness of CS and FDBA in preserving 

ridge dimensions at 3 months after tooth extraction. 
However, Toloue et al. (24) reported lower ridge 
resorption than observed in the current study. This 
discrepancy could be ascribed to different tooth type 
and sample size.
Our findings supported previous studies regarding 
the potential of MGCS to protect the alveolar ridge 
after tooth extraction (24-27). Aimettie et al. (25) 
demonstrated that ridge resorption significantly 
minimized in extraction sockets filled with CS. Although 
the reduction in the width of the ridge in our study 
agreed with Aimetti et al., the current study results 
showed greater ridge height reduction compared 
to their study. This discordance might result from a 
difference in measurement methods. Crespi et al. (6) 
also reported that both CS and magnesium-enriched 
hydroxyapatite (MHA) alone significantly delayed 
human extraction socket resorption during 3 months; 
however, MHA had a much greater preservation rate 
compared to CS. The ridge resorption reported by 
Crespi et al. (6) in the CS group was greater than that 
observed in our study. This variation might be due to 
the absence of buccal walls or a wider age range in 

FIG. 3. Comparisons between medical grade calcium sulfate (MGCS), MGCS+freeze-dried bone allograft (FDBA), and control (no intervention) groups with 
respect to changes in the width (A) and height (B) of the socket/ridge at the 3-month follow-up.

Variable MGCS* 
(n=22)

MGCS+ FDBA** 
(n=21)

Control 
(n=21)

P-value

Age, years (mean±SD) 31.73±6.35 31.14±7.6 31.43±8.69 0.969§

Gender (female: male) 14:8 12:9 14:7 ק 0.732

Tooth position 
(Maxillary: mandibular) 14:8 15:6 14:7 0.517

Tooth type 
(Premolar: molar) 15:7 14:7 13:8 0.849

TABLE 1. Demographic and clinical features of the study groups.
§  One-way analysis of variance (ANOVA) - ק Chi-square  -  *Medical grade calcium sulfate  - **Freeze-dried bone allograft
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their study. Our results were consistent with previous 
investigations regarding the beneficial effects of 
FDBA to lessen ridge dimension alterations (22, 28). 
Iasella et al. (28), in accordance with our study, found 
that FDBA diminished resorptive changes in the ridge 
dimensions after tooth extraction. In the current study, 
we observed greater resorption rate in both FDBA-
treated and untreated groups. This difference might 
be attributed to the small sample size, non-molar 
tooth extraction, and modified digital caliper used to 
measure both width and height dimensions.
CS has been used in combination with numerous other 
materials in attempts to achieve maximum protective 
effects of alveolar ridge dimensions. Camargo et 
al. (30) evaluated the efficacy of combined CS with 
bioactive glass as a mechanical barrier to decrease 
ridge resorption after tooth extraction. They found 
that this approach reduced ridge resorption changes. 
However, they reported greater ridge width resorption 
compared to the current study results from both the 
MGCS and MGCS+FDBA groups. A logical explanation 
for this difference might be the type of materials as 
well as the longer follow-up period in the study by 
Camargo et al. On the other hand, we observed a 
greater ridge height loss compared to that reported by 
Camargo et al. (30), which was presumably the result 
of different measurement methods adopted by these 
two studies.
Several confounding variables might have influenced 
the results obtained from the present study. Firstly, it 
has been shown that pre-molar and molar teeth have 
differences in width and height loss in their alveolar 
ridges. This difference is due to differences in their 
socket wall thicknesses and cortical bone densities 
(12, 31). We have reported that ridge resorption did 
not significantly differ between molar and pre-molar 
sockets. Secondly, controversial data exist regarding 
the impact of tooth position on ridge resorption after 
extraction. Some investigators argue that maxillary 
sites are more vulnerable to ridge resorption loss 
due to increased blood supply, and therefore show 
a faster recovery or decay rate (3, 28). In contrast, 
several lines of evidence show that ridge resorption 
more likely occurs at mandibular sites compared to 
maxillary ones (33-35) due to the possibility of more 
traumatic tooth extraction in the lower jaw that leads 
to periosteal detachment, decreased blood supply, and 
osteocyte death in the mandibular sites with increased 
resorption (4). We have observed greater changes in 
the mandibular ridge width.
The gender effect on the ridge resorption has not been 
studied thus far. We observed significantly greater 
ridge height and width loss after tooth extraction in 
men. Henry et al. (36) reported that men had greater 
formation and resorption markers, and bone turnover. 
Therefore, the difference in ridge bone resorption 
observed in our study might have been caused by 

elevated resorption markers or by increased trauma 
during the tooth extraction process due to higher bone 
density in men. With respect to age, there is a lack of 
evidence in the context of bone resorption. However, 
it has been suggested that this process is much faster 
in individuals older than 50 years of age (28). In the 
current study, we did not include individuals >50 years 
old. The study results showed no relation between age 
and ridge-dimension changes. It could be considered 
that systemic conditions might influence bone 
metabolism that stimulated resorption.
The surgery technique might determine the outcome 
in ridge preservation attempts (37, 38). Araujo and 
Lindhe (38) showed that flap elevation increased 
ridge resorption over a 2-4-month follow-up period, 
although it did not influence long-term outcome 
compared to the flapless operation. Accordingly, we 
took into consideration a shorter follow-up period in 
the present study and performed flapless surgery for 
all individuals to minimize the chance of resorption. 
A strength of this study was the parallel intra-oral 
radiography used to assess ridge height. This allowed 
us to monitor height changes based on three mesial, 
central and distal points with minimal change in 
radiography, which resulted in more validated data. 
However, a weakness of the study included the use of 
a modified digital caliper to measure the ridge width 
without flap elevation at the second measurement 
(3-month follow-up). We also did not histologically 
analyze the amount of new bone formation which 
might have been induced by MGCS. Other limits of 
the present study included the small sample size, 
shorter follow-up period, and lack of trauma control, 
all of which should be taken into account in future 
investigations.

CONCLUSION

There appears to be no difference in effectiveness of 
MGCS alone and MGCS+FDBA in preserving human 
ridge dimensions up to 3 months after tooth extraction. 
However, we propose that more studies with larger 
sample sizes and longer follow-up periods should be 
performed to verify these results.
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