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ARTICLE INFO ABSTRACT

Keywords: Background: This study aimed to evaluate alveolar bone height enhancement using a custom-made distractor to
Distraction evaluate its ability to support dental implants.

Osteogenesis Method: The left mandibular premolars of nine dogs were extracted, followed by alveoloplasty to simulate an
lc)szz(a)lligzgi)a;t atrophic ridge. The dogs were divided into three groups: groups I and II received distractors followed by dental
Osseointegration implants, while group III received implants alone. Distractors remained in place for 4 weeks in group I and 8

weeks in group II for consolidation. Subsequently, the distractors were removed, and a titanium dental implant
was immediately inserted during the same visit. In the third group, implants were placed in the same area as
noted. The implant was left in position for 8 weeks, after which the left hemimandible underwent dual-energy X-
ray absorptiometry and histological analysis, focusing on the region of interest (ROI) mesial and distal to the
dental implant.

Results: Densitometric analysis revealed notable osseointegration between the regenerated bone adjacent to the
dental implant. Notably, there were significant differences in osseointegration between groups I and II. More-
over, osseointegration levels were similar between groups II and III, where no distraction device was employed.
Histological findings showed the formation of new bone in the distraction gap, with more advanced maturation
noted in the 8-week group. It is worth noting that the integration between bone and implants in the third group
surpasses that of the distraction groups.

Conclusion: Using the distraction device for only 4 weeks is acceptable to meet the criteria for implant placement.
The small size of the distraction device reduces tissue reaction after surgery because it eliminates the necessity of
complex surgeries that may require bone grafting. Density measurements and histological observations indicate
that the distractor promotes the generation of enough bone for prosthetic rehabilitation with dental implants.
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1. Introduction

Replacing teeth in flat alveolar ridges poses challenges in deter-
mining appropriate dental implant to meet both functional and aesthetic
requirements (Bras et al., 1983). For effective mandibular rehabilitation,
the height of the edentulous ridge above the mandibular canal must be
at least 7 mm (Keller, 1995). Common etiological factors for a flat
alveolar ridge include tooth loss, periodontal disease, tumor removal,
and post-traumatic growth disorders (Chang et al., 2016). Distraction
osteogenesis is a surgical approach that involves osteotomy to generate a
gap by utilizing the bone’s regenerative capacity to elongate the alveolar
ridge (Toledano et al., 2019; Vale et al., 2020). The distraction device is
distinguished from other grafting techniques in that it enhances the size
of the original bone (Ilizarov, 1988; Kobayashi et al., 2005; Nelson et al.,
2006; Zapata et al., 2014). Codivilla was the first to use a distractor
device on bones in 1905 (Hosny, 2020), while McCarthy et al. (1992)
was the first used this device for lengthening maxillofacial bones. The
mechanism of DO originate from traction, inducing tension within the
callus and prompting the formation of a new bone aligned with the
distraction vector (Lim et al., 2018; Pereira et al., 2007). The primary
advantage of the distraction device over traditional surgical approaches
is its ability to reduce wound dehiscence by maintaining periosteal
nutrition of the bony rim (Chiapasco et al., 2006; Gaggl et al., 2000).

The process of bone formation via distraction involves several bio-
logical phases: latency, distraction, and consolidation (Cho et al., 2007;
Pereira et al., 2007). In the latency phase, the clot transforms into
granulation tissue, containing connective tissue cells and infiltrating
capillaries, progressing to form smooth calluses within a few days.
Interleukin (IL-1) secreted by progenitor cells plays a critical role in the
inflammatory response while interleukin (IL-6) stimulates mesenchymal
stem cell proliferation (Ando et al., 2014; Yang et al., 2022). Numerous
studies have reported increased expression of TGF-p1 during both the
latency and distraction phases, reaching levels more than twice as high
as those found in the normal mandible (Alzahrani et al., 2014; Weiss
et al., 2002; Yang et al., 2022). Many studies have indicated that an
appropriate latency period of 5-7 days significantly influences optimal
healing (Jensen et al., 2002; Mofid et al., 2001).

The distraction phase involves exerting tensile forces on the gap
tissue, with the proliferation of fibroblast-like cells at the peripheries
(Jazrawi et al., 1998). At the distraction gap, TGF-p1 secreted by stem
cells stimulates osteoblast proliferation to fill the gap (Ozkan et al.,
2007). During the distraction phase, the expression of many bone
morphogenic proteins (BMP-2,4,7) is upregulated, followed by a sub-
sequent decrease during consolidation stage (Cheung et al., 2006;
Marukawa et al., 2006). Numerous studies suggest that a rate of 1 mm
daily leads to sufficient bone formation in maxillofacial distraction
osteotomies (Fu et al., 2021; Klein and Howaldt, 1996). In 1989, Ilizarov
reported that a movement rate of 0.5 mm/day results in early consoli-
dation, ultimately leading to the failure of the distraction plan (Ilizarov,
1989). Conversely, increasing the rate of movement to 2 mm/day may
result in compromised bone formation and inadequate adjustment of
soft tissues (Natu et al., 20214). After cessation of the distraction phase,
the regenerated bone undergoes maturation that typically lasts 3-4
weeks in children and 6-8 weeks in adults (Yen et al., 2020). Karp et al.
(1992) examined mandibular elongation over consecutive days and
noted the presence of three distinct layers spanning from the center to
the peripheries of the gap. The central area of the gap consists of fibrous
tissue with fibroblast-like cells; the subsequent layer denotes the site of
bone formation surrounded by osteoblast cells; and the third layer, the
layer of remodeling, ultimately leads to the creation of mature bone
(Karp et al., 1992). Dual-energy x-ray absorptiometry (DEXA) is a crit-
ical method for assessing both BMC and BMD, which helps in making
informed therapeutic decisions and evaluating treatment responses
(Lorente-Ramos et al., 2012). The current study aims to evaluate the
histological structure and densitometric analysis of newly formed bones
using a custom-made distraction device for a brief period and its ability
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to receive dental
prosthodontics.

implants to reduce the time required for

2. Materials and methods
2.1. Grouping and scenario

University, Cairo, Egypt. The experiment began with the extraction
of premolars, followed by alveoloplasty to flatten the ridge. The dogs
were divided into three groups: Groups I and II underwent osteotomy
and installation of distraction devices. After seven days, the distractor
was rotated two full revolutions daily until a vertical height of 7 mm was
achieved. Subsequently, the consolidation period was extended to 4
weeks for Group I and 8 weeks for Group II. Afterward, the third surgery
was performed to remove the distractor and insert the dental implants.
The dogs in Group III received only dental implants of the appropriate
size. The osseointegration process began with dental implants and lasted
8 weeks for all groups.

2.2. Extraction and alveoloplasty

For the first surgery, the animals were anesthetized using sodium
thiopental at 40 mg/kg (Pharm. Industry Co. Egypt) into the recurrent
tarsal vein. The procedure involved extracting the lower left premolars,
reducing the height of the alveolar bone, trimming the excess mucosa,
and suturing it with a 4/0 chromic catgut suture. After consuming soft
food for one week, the dogs were made to resume their regular diet and
left for 12 weeks for complete healing.

2.3. Osteotomy and distraction

The second surgery was performed to insert a titanium distraction
device that consisted of two small plates interconnected by a threaded
rod (Fig. 1). The lower plate of the distractor was secured to the base of
the mandibular body, the transport plate was fixed to the induced
movable bone segment.

Fig. 1. Installation of the distractor device with eight screws (a), cutting line
(b), and inserting the dental implant (c).
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Dogs in Groups I and II were anesthetized, and a semicrestal buccal
flap was created. Careful subperiosteal dissection was performed to
preserve the lingual mucosa. The distractor was customized according to
the mandibular topography. A bone segment measuring 30 mm in length
and 5 mm in height was designated for distraction, with holes drilled at
appropriate positions for screw placement, followed by separation from
the jaw. Both distractor pieces were fastened in place using eight tita-
nium screws, the surgery area was sutured with 4/0 chromic catgut
suture (Fig. 1). The animals were administered Zyleject (Amoun Pharm.
Co., Cairo, Egypt) twice daily for 3 days, with Amoxicillin 500 mg
(Egyptian Pharmaceutical Co., 10th of Ramadan, Egypt) twice daily for
5 days. After 1 week, the distraction spring was rotated clockwise for
two full revolutions daily for seven days until it was extended coronally
by 7 mm, and the designated consolidation period began.

2.4. Distraction removal and implant insertion

In the third surgical procedure, the distractor was extracted from
Groups I and II, and a dental implant of 15 x 4.9 mm (Tot II Dent,
Alexandria, Egypt) was placed at the focal point. A dental implant of 11
x 4.9 mm was performed on Group III at a suitable site (Fig. 1). After 8
weeks, all dogs were euthanized by cardiac injection of pentobarbital.
The entire lower jaw was removed and divided equally into two parts.

2.5. DEXA analysis

Hemimandibles containing implants were utilized to calculate BMC
and BMD using a DEXA device (Norland Eclipse Norland® densitometer,
USA). The ROI encompasses three points mesial and distal to the
implant. The distal point was located 8 mm from the upper mandibular
rim, whereas the mesial points were positioned 2 mm coronally and
apically to the distal point. After selecting the targeted area with a
pointer, the program recorded the volume (in cm3), BMC (in g), and
BMD (in g/cm?).

2.6. Histologic evaluation

The specimens were fixed in a 10 % neutral formalin for 10 days,
then immersed in a mixture of 20 % sodium citrate and 5 % formic acid
for 2 months for decalcification. Each decalcified sample was embedded
in molten paraffin and allowed to solidify, after which the implant was
carefully extracted. Serial sections were cut and stained with H&E and
trichrome stain to analyze the newly formed bone.

Data analysis was performed using SPSS version 23 (IBM, USA). The
ANOVA test was obtained to determine the significant relationship (P <
0.05). Tukey’s HSD test was performed to determine significant
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relations among the groups.
3. Results

All surgeries went smoothly, and recovery was uneventful without
complications. All implants were successfully positioned without rejec-
tion. Throughout the healing and osseointegration process, the mucous
membrane remained free from inflammation.

3.1. Densitometric analysis

The goal of measuring BMC and BMD was focused on the area mesial
and distal to the dental implant, represented by the stars (*) (Fig. 2).
Statistical analysis was performed on the recorded data from all groups
utilizing Kolmogorov-Smirnov and Shapiro-Wilk tests and the
normality of the data distribution was also evaluated (Chart 1). The
results of the ANOVA test for BMC and BMD showed statistically sig-
nificant differences between all groups, p = 0.000 and P = 0.014,
respectively (Table 1). Multiple comparisons through the Tukey HSD
test indicated significant differences among all groups of both BMC and
BMD, except BMD, between Groups II and III (p = 0.164) (Table 2).

3.2. Histological examination

Histological examination of the ROI of group I revealed diverse
stages of bone formation in distinct regions. The initial layer comprises
mature lamellar bone oriented toward the base of the mandible, char-
acterized by numerous osteocytes arranged in a definitive pattern and
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Chart 1. Means of BMC and BMD of all groups.

Fig. 2. Print out scanner photographs of densitometric analysis of implants of all groups, * represent the ROL.
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Table 1
One way of variance (ANOVA) test of both BMC and BMD.
Sum of df  Mean F Sig.
Squares Square
BMC Between .003 2 .001 325.406 .000
Groups
Within Groups ~ .000 6 .000
Total .003 8
BMD Between .029 2 .014 126.165 .000
Groups
Within Groups .001 6 .000
Total .030 8

multiple reversal lines facing the mandibular bone. This is followed by a
layer of bone undergoing maturation, which is succeeded by a final layer
of immature woven bone contacting the implant threads with osteocyte
cells. Examination with Masson’s trichrome staining revealed that the
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bone adjacent to the mandible exhibited a mature type, as indicated by
the green staining. In contrast, the area of the woven bone facing the
implant displayed red staining of immature ossification (Fig. 3).

Histological sections of group II revealed the emergence of a fine
sheet of woven bone directed toward the implant screws. This was
succeeded by a broad, clearly delineated layer of mature lamellar bone
with multiple bone marrow spaces. These spaces were demarcated from
the mandibular base by reversal lines, indicative of ongoing bone
remodeling activity. Masson’s trichrome staining highlighted the pres-
ence of mature calcified bone, which was represented by green staining
near the base of the jaw, followed by a mixture of green and red colors
within the bone tissue, indicating the continuous process of bone
maturation (Fig. 4).

Histological sections of Group III revealed an area of small cylin-
drical lamellar bone facing the implant threads containing osteocytes
demarcated from the next layer by the reverse line. The second layer was
a layer of mature cancellous bone with bony trabeculae and areas of
bone marrow; it homogeneously continued with the spongiosa of the

Table 2
Multiple comparison Tukey HSD and Dunnett t (2-sided) between groups.
Dependent Variable (I) Group (J) Group Mean Difference (I-J) Std. Error Sig. 95 % Confidence Interval
Lower Bound Upper Bound

BMC Tukey HSD Group I Group II —.0211000* .0016804 .000 —.026256 —.015944
Group III —.0428667* .0016804 .000 —.048023 —.037711

Group II Group I .0211000* .0016804 .000 .015944 .026256
Group III —.0217667* .0016804 .000 —.026923 —.016611

Group III Group I .0428667* .0016804 .000 .037711 .048023

Group II .0217667* .0016804 .000 .016611 .026923
Dunnett t (2-sided) Group I Group III —.0428667* .0016804 .000 —.047677 —.038056
Group II Group III —.0217667* .0016804 .000 —.026577 —.016956
BMD Tukey HSD Group I Group II —.1051000* .0087459 .000 —.131935 —.078265
Group III —.1312333* .0087459 .000 —.158068 —.104399

Group II Group I .1051000* .0087459 .000 .078265 .131935

Group III —.0261333 .0087459 .055 —.052968 .000701

Group III Group I .1312333* .0087459 .000 .104399 .158068

Group II .0261333 .0087459 .055 —.000701 .052968
Dunnett t (2-sided) Group I Group III —.1312333* .0087459 .000 —.156271 —.106196
Group II Group III —.0261333* .0087459 .043 —.051171 —.001096

*. The mean difference is significant at the 0.05 level.

a. Dunnett t-tests treat one group as a control and compare all other groups against it.

rome x200
3-*

Trich

Fig. 3. Photomicrographs of Group I show basal bone with definite osteocyte cells (A), line of separation between old and mature bone (B), area of indefinite bone
remodeling (C), scattered mature osseointegration of green staining (D), red staining of fibrous tissue. (For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this article.)
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Fig. 4. Photomicrographs of Group II show spongy bone with marrow spaces (A), mature lamellar bone-facing implant threads (B), definite osteocyte cells (C),
osseointegration of green staining (D), a mix of green & red staining, (E) at area facing the implant (F). (For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this article.)

body of the mandible. Trichrome staining revealed the appearance of
fully matured calcified bone in the form of green staining all over the
thickness (Fig. 5).

4. Discussion

DO is a tissue engineering technique that employs tension mechanics
to prompt the formation of bone tissue within the created gap. The latest
research underscores the reliability of DO as a surgical approach to
enhance the height of alveolar ridges during 4-week and 8-week
consolidation periods. It demonstrates its ability to create an optimal
environment for placing dental implants within a short duration. Con-
ventional distractors typically align screw holes in a parallel manner in
both the movable and fixed parts. However, in the current design, each
part of the distraction device is fixed with four screws. In the part fixed
to the base of the jaw, the orientation of the screw holes is perpendicular
to that of the movable part. In addition, instead of a single line, the four

screw holes are arranged in two parallel lines, with two holes in each.
This modification is intended to enhance the geometric stability of the
distractor, thus reducing the possibility of inappropriate buccal-lingual
rotation.

In this study, a bone section 30 mm in length and 5 mm in height was
cut to be sufficient to achieve distractor stability with a successful blood
supply. A thin titanium distractor was made and fixed in the appropriate
position to ensure the integrity of the buccal mucoperiosteum. This
integration is critical to maintaining the mesenchymal stem cells needed
for bone regeneration in the biological environment to ensure optimal
outcomes. The distraction arm was rotated two full revolutions clock-
wise to lengthen 1 mm daily for 7 days to lengthen 7 mm. The biological
results were consistent with this daily tensile strength. Relevant results
for most investigators indicated that adequate amounts of calcified
lamellar bone were achieved using daily stimulation with a single
movement of 1 mm (Bell et al., 1997; Chiapasco et al., 2006; Gaggl et al.,
2000; Ilizarov, 1989; Meyer et al., 2001). Although other researchers

Trichrome x200

Fig. 5. Photomicrographs of Group III show spongy bone with bone marrow spaces (A), mature lamellar bone-facing implant threads with definite osteocyte cells
(B), and reversal lines between spongy, compact bone indicating bone remodeling (C), mature osseointegration of green staining (D), and pink staining of Haversian’s
canal (E). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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have agreed that the target movement rate was 1 mm/day, it should be
divided into 0.5 mm twice /day (Block et al., 1996; Green et al., 2005).
Furthermore, several authors performed one revolution of 1 mm daily
for over 10 days to attain 10 mm. They observed mechanical instability,
resulting in microvascular disruption (Bras et al., 1988; Green et al.,
2005). In contrast, Ilizarov (1989) reported that a decrease in the
movement rate to 0.5 mm/day leads to early consolidation and, thus,
failure of the targeted distraction plan (Ilizarov, 1989).

An ongoing controversy continues regarding the minimum duration
necessary for the consolidation period, which is sufficient for generating
mature bone tissue capable of supporting dental implants. According to
current research, a consolidation period of 4 weeks is suitable, as bone
maturation progresses, facilitating the placement of a fixed dental
implant within a noninflammatory environment, supported by healthy
overlying mucosa. This period is similar to the one recorded by Ransom
et al. (2018), who determined that 43 days (5 + 10 + 28 days) from the
start of distractor installation until its removal (Ransom et al., 2018).
Other experiments have shown a wide range of the time required to close
the gap, reaching 12 weeks, which appears to depend on the animal used
and the bone tissue (Li et al., 1999; Richards et al., 2000). Histological
and histochemical examination indicated that the newly formed bone in
the distraction gap had a wide extent of maturation needed for
osseointegration in the 4-week and 8-week groups, with the latter dis-
playing a higher degree of maturation, suggesting that the periods
employed for DO in each group were sufficient to prepare the site for
accommodating a dental implant.

5. Conclusion

DO is a successful surgery that leads to the formation of bone tissue
within the flat ridge in a short period, making it suitable for accom-
modating dental implants without the need for bone grafting. Densi-
tometry measurements and histological observations demonstrated that
bone formation in both distracted groups resulted in sufficient bone
tissue formation, enabling the successful rehabilitation of dental implant
prosthetics with a satisfactory success rate.
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