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Abstract

Distraction osteogenesis has emerged as an effective treatment modality for the correction of bone anomalies and
abnormalities which are either pathological or developmental in origin. Earlier it was predominantly used in orthopaedics for
the correction of axial skeleton. Its use in the field of dentistry began in the late twentieth century. Successful results from the
initial clinical trials prompted more and more researchers to explore this field. Its use in dentistry involves the correction of
craniofacial anomalies, alveolar ridge for the prosthetic rehabilitation and recently for the regeneration of lost periodontium.
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Introduction

Bone is a dense, semi rigid, porous, calcified connective
tissue composed of a dense organic matrix and an
inorganic, mineral component. It is a metabolically
active organ that undergoes continuous remodelling –
resorption and formation. The process is regulated by both
local and systemic factors. Normally there is a balance
between bone formation and bone breakdown. If bone
breakdown comes to predominate, as in pathological
conditions, bone substance and structure are lost and
results in bone resorption [1].
Bone loss is a commonly encountered condition in
the dental patients, which may result from the atrophy
of edentulous segment after tooth extraction, trauma,
tumour resection but most commonly is a result of periodontitis. Various techniques have been developed for
treating osseous defects eg., bone graft, guided bone
regeneration, tissue engineering. Distraction osteogenesis
is an emerging technique in bone regeneration, showing
promising results with some unique advantages [2].
Distraction osteogenesis is defined as the creation of
neoformed bone and adjacent soft tissue after the gradual
and controlled displacement of a bone fragment obtained
by surgical osteotomy. Some tissues besides bone have
been observed to form under tension stress, including
mucosa, skin, muscle, tendon, cartilage, blood vessels,
and peripheral nerves [3,4].
It has been recently introduced in the field of dentistry
for the treatment of bone defects. As a result of successful
clinical trials, researchers now believe that distraction
osteogenesis will start a new era of treatment, superseding
other treatment modalities of bone reconstruction.
Thus the purpose of this review is to discuss the various
aspects of distraction osteogenesis and its scope in the
field of dentistry.

Historical background

Codvilla, in, 1905 was the first to perform extremity
lengthening by the application of external traction [5].
The credit of popularising the technique world-wide
goes to Gavril Ilizarov, a Russian orthopaedic surgeon. In
the late 1980s he published in America for the first time
his research and clinical results on the bone distraction,
causing a wave of developments in the bone distraction
technique worldwide [6]. Synder et al., 1973 were the first
to apply the Ilizarov’s principles of distraction osteogenesis
for the regeneration of the osteotomized mandible [7].
Micheal & Miotti, 1997 demonstrated the feasibility of
intraoral mandibular lengthening [8]. McCarthy et al.,
1989 were the first to clinically apply extraoral distraction
osteogenesis on four boys with congenital anomalies such
as hemifacial microsomia and Nager’s syndrome. This
report ushered in the modern era of clinical craniofacial
distraction [9].

Biological principles

Based on clinical experience, Ilizarov discovered two
biological principles [9,10], “Ilizarov effects”:
1. Tension-stress effect on the growth and genesis of
tissues. This suggested that when two bone plates
are separated, there is pressure acting on one side
and tension on the other side of the device in situ.
Thus, due to these physiologic changes, the osteoblasts
are stimulated to grow, thus helping in new bone
formation.
2. The influence of blood supply and loading on the
shape of bones and joints.

Distraction osteogenesis consists of five sequential periods:
Osteotomy
Latency
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Distraction
Consolidation
Remodeling

Osteotomy
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Although this period usually continues for approximately
1 year after the completion of distraction, remodelling
of the newly formed bone begins at the completion of
distraction and continues throughout the consolidation
period.

Osteotomy is the surgical separation of bone into two
segments. Osteotomy causes loss of mechanical integrity, Histological aspect of distraction osteogenesis
triggering fracture healing, which involves recruitment of Distraction osteogenesis shares many features of embryonic
osteoprogenitor cells, followed by cellular modulation growth, as well as normal fracture gap healing [13].
(osteoinduction) and establishment of environment
template (osteoconduction).
The effect of osteodistraction on bone

Latency

It is the period from bone division to the onset of traction
and represents the time required for reparative callous
formation between the osteotomised bone segments. Initially,
there is formation of a hematoma, which is converted into
a clot. This is followed by vasoformative elements leading
to capillary proliferation. Callus formation is a response
determined by the osteoprogenitor cells originating in
the periosteum and endosteum.

Distraction

It is the time when a traction force is applied to bone
segments and new bone or distraction regenerate is
formed within the intersegmentary gap. The growth
stimulating effect of tension activates the biologic elements
of intersegmentary connective tissue.

Latency phase

The latency phase allows for the initial trauma response to
take place. Following osteotomy a hematoma is formed
that encircles the osteotomised bone segments. Granulation
tissue that consist of soft-connective tissue cells, neutrophils
and invading capillaries replace the hematoma after
several days and this tissue subsequently transforms into
soft callous.

Distraction phase

During the distraction phase, tensile forces are applied to
the callus with a specific rate and rhythm. As the callus
is stretched, a central fibrous zone, called the fibrous
interzone forms. It is rich in chondrocyte-like cells, fibroblasts,
and oval cells, which are morphologically intermediate
between fibroblasts and chondrocytes. The differentiating
osteoblasts at the fibrous interzone deposit osteoid along
collagen bundles. They subsequently undergo mineral
crystallization parallel to the collagen bundles, forming a
zone called the ‘zone of microcolumn formation’. In between
the fibrous interzone and microcolumn formation, a zone
of highly proliferating cells, called the ‘primary matrix’ or
‘mineralization front’, is observed [12].

Two major parameters of critical importance during
this period are:
Distraction Rate
Distraction rhythm
- Distraction rate is defined as the numbers of millimetres
per day at which the bone surfaces are stretched. An
average distraction rate of 1-1.5 mm per day proves
Consolidation phase
the best clinical results [11].
Once the desired bone length is achieved, distraction
- Distraction rhythm is the number of distractions per
ceases, marking the beginning of the consolidation phase,
day, usually in equally divided increments to total the where bone and extensive amounts of osteoid undergo
rate. Two activations per day are done, and the patient mineralization and eventual remodelling.
is usually admitted to the clinic and kept under observance. The pitch of the device is set in such a way that The effect of osteodistraction on gingiva
1 mm of distraction is brought about after four turns Distraction forces applied to bone also create tension in
of the screw (pitch of screw maintained at 0.25 mm
the surrounding tissues, initiating a sequence of adaptive
or 0.5 mm).
changes termed distraction histogenesis. Under the influence
of tensional stress produced by gradual distraction, active
Consolidation
histogenesis has been reported in various soft tissues
It begins when the traction force is discontinued and surrounding the distracted bony segments [14].
the desired amount of bone length has been achieved.
Therefore the primary mechanism by which gingiva
This period allows mineralisation and the corticalization undergoes adaptation during osteodistraction is by neoof the newly formed bone tissue prior to the distraction histogenesis.
device removal.

Remodelling

It is the time after the removal of the distraction device.

The role of growth factors and cytokines in distraction
osteogenesis
Recent molecular investigations have indicated that the
2
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Figure 1. Describing the classification of distraction osteogenesis.

molecular signalling cascade plays an important role in the
relationship between induced strain and bone regeneration.

These modalities involve:

Bone Morphogenic proteins (BMPs) play

Researchers found that by increasing the frequency of
distraction and decreasing the amount of lengthening
at each interval, bone formation can be improved [17].

An important role in the signalling pathways that link the
mechanical forces created by distraction to biological
responses [15]. They accelerate the differentiation of the
precursor cells into chondrogenic osteogenic cells.

Transforming Growth Factor Beta (TGF-β)

Suppresses osteoblast maturation by delaying differentiation
of osteoblasts during the mineralization stage of distraction
osteogenesis [16].

Interleukin-1, Interleukin-6 (IL-1, IL-6)

Have been hypothesized to contribute to intramembranous
ossification, by enhancing the differentiation of cells
committed to the osteoblastic linage.

Mechanical modulation

Low-intensity Pulsed Ultrasound

Studies have shown that use of Low intensity Pulsed
Ultrasound accelerated new bone formation during the
distraction period [18].

Electrical stimulation

Studies have shown that electrical stimulation during
gradual distraction promotes new bone formation [19].

Growth factors and stem cells

Insulin-Like Growth Factors (IGF-1) And Basic
Fibroblast Growth Factor (bFGF)

Account for osteoblast proliferation and formation from
precursor mesenchymal cells in the distracted area.

Use BMPs [20], COMP–Ang1, an angiogenic factor [21],
recombinant human bone morphogenetic protein-2
and recombinant human osteoprotegerin [22], Platelet
rich plasma [23] injections of osteogenic bone marrow
stromal cell [24], have shown to enhance bone formation
in distraction osteogenesis.

Vascular Endothelial Growth Factor (VEGF)

Hyperbaric oxygen

Induces neoangiogenesis during distraction osteogenesis.

Enhancement of bone formation during distraction
osteogenesis

Long treatment time is a major disadvantage of distraction
osteogenesis. Various treatment modalities have been used
to promote bone growth during distraction osteogenesis.

Researchers have found that hyperbaric oxygen treatment
was effective in stimulating vascularization and bone
formation during distraction osteogenesis [25].

Intermittent Parathyroid Hormone

Intermittent PTH(1-34) treatment enhances new bone
formation during distraction osteogenesis [26] (Figure 1).
3
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Scope of distraction osteogenesis in dentistry

Distraction osteogenesis originally developed for the
orthopaedic field and later applied to the maxillofacial region
for the correction of severe craniofacial malformations has
been more recently introduced to correct vertical defects
of the alveolar ridge to improve bone volume for dental
implant placement.

Correction of craniofacial anomalies

Maxillomandibular hypoplasia, facial asymmetry, and
congenital micrognathia are relatively common abnormalities
of the craniofacial complex. Traditionally, these skeletal
deformities have been addressed in nongrowing patients
via osteotomies followed by acute orthopaedic movements
and skeletal fixation, with or without interpositional bone
grafts. Despite the fact that conventional orthognathic
surgery and craniofacial reconstruction have experienced
widespread success, several limitations are associated
with these treatment modalities. Distraction osteogenesis
depicts the shift from the era of transplantation surgery
(reconstruction/replacement) to the era of inductive surgery.
Distraction osteogenesis not only results in the formation
of bone but also create tension in the surrounding soft
tissues, initiating a sequence of adaptive changes termed
distraction histogenesis [27].

Craniofacial devices

Mandibular distractors
McCarthy extraoral osteodistractor

In 1989 McCarthy et al., performed first extraoral mandibular
distraction in children with craniofacial anomalies. The
technique involved osteotomy by a series of drill holes which
wwere subsequently joined. Hoffmans Mini Lengthener
was then attached to the bone segments and distraction
was performed [9].

Molina and Ortiz-Monasterio mandibular distractor

Molina and Ortiz-Monasterio gave semirigid extraoral
fixation system. The technique involved cricotomy of the
bone segment leaving the medial bone intact, followed
by fixations by only one pin inserted and secured on
both bone segments. They were the first to perform the
bidirectional osteodistraction in mandible by generating
two distraction sites followed by lengthening of the both
parts of the mandible together [28].
Multidirectional extraoral distraction appliances resulted
from the combination of bidirectional distraction appliance
with gradual angular adjustment. This allowed correction of
severe mandibular deformities in three dimensional space.
ACE/Normed device permitted double level lengthening
but multidimensional correction was difficult to achieve.
Multiguide Mandibular distractor provided three dimensional
rotation of the bone segment but did not allowed the
bidirectional mandibular correction. These limitations
prompted the development of intraoral device.

doi: 10.7243/2050-1218-2-3

Guerrero intraoral mandibular distractor

Guerrero et al., developed different intraoral distraction
device tooth-borne, bone-borne, and hybrid intraoral devices
for mandibular lengthening and widening. These devices
can be modified by attaching either to orthodontic band
or to pair of bendable metallic arms. Intraoral distraction
devices had a major advantage of being aesthetically
more pleasing as they were not conspicuous and were
not associated with facial scar [10].

Razdolsky tooth-borne and hybrid devices (ROD)

Razdolsky et al., developed a series of tooth-borne and
hybrid devices (ROD) in which the distraction mechanism
can be attached to stainless steel crowns or miniplates [30].
Mandibular distraction osteogenesis has emerged as a
successful treatment modality for treating the mandibular
defects resulting from the congenital diseases such as
Pierre Robin syndrome [31, 32] & Unilateral craniofacial
defects; bone defects resulting from trauma or oncologic
bone resection [33]; patients of TMJ ankylosis and for the
management of pediatric airway [34, 35].

Maxillary and midfacial distractors

In 1993 Rachmiel et al., were the first to demonstrate the
possibility of maxillary distraction [36].

Rigid external distraction (RED)

Polly et al., 1995, performed the first midface distraction
in humans. They used an externally fixed cranial halo to
distract the midface. Advantages of the technique were
the ease of application, activation and removal of distractor
without the need of second surgical procedure [37].

Modular Internal Distraction (MID) System

Cohen, 1995 developed the MID system which is attached
to cranium or zygoma and to maxillary skeleton. Activation rod is externalised through a subcutaneous tunnel.
Advantage of this technique is the controlled complete
advancement of the entire midface [28].

Nakajima’s angle-variable internal distraction
(NAVID) system

To overcome the difficulties associated with the distraction
devices such as large size and the need for a facial mask
causing much psychological stress to the patient treated
with external distractors and internal distractors being
difficult to control and remove Nakajima et al., designed
an internal distraction device-Nakajima’s angle-variable
internal distraction (NAVID) system–and assessed its clinical
applicability. They found the NAVID system to be a safe,
effective and reliable for all types of Le Fort distraction
osteogenesis [38].

Combined Mandible and LeFort I distraction

Ortiz-Monasterio and Molina, 1999 introduced a technique
4
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for simultaneous correction of maxillary-mandibular
deficiencies. This technique involved Le Fort cricotomy
along with mandibular osteotomy and placement of
distraction device [39].
Maxillary distraction osteogenesis has shown successful
results in the treating the patients suffering from Crouzon
syndrome [40,41,42], Sotos Syndrome [43], traumatic or
oncologic surgical maxillofacial resections [44,45], and
severe maxillary hypoplasia in cleft lip and palate [46,47].
Studies have shown distraction osteogenesis to be a better
option than orthognathic surgery for the treatment of
patients requiring moderate to large advancements with
significant structural deficiencies of the maxilla [48].

Three dimensional distraction osteogenesis

Some researchers performed the three dimensional
distraction osteogenesis and found that it allowed to
simultaneously and selectively widen, lengthen and
vertically reposition the maxilla, producing acceptable
post-treatment skeletal and dental relationships, without
healing problems observed clinically [49].
Sugawara et al., performed multidirectional cranial
distraction osteogenesis for the treatment of craniosynostosis
[50].

Zygomatic distraction

Zygomatic deficiencies are frequently seen in the children
with disorders such as severe orbitofacial clefts and the
Treacher Collins Syndrome. Phillips et al., reported the
first laboratory zygomatic distraction using an external
distractor on the canine model [51]. Capote Moreno et
al., performed zygomatic distraction osteogenesis for
correction of midfacial support after hemimaxillectomy
[52]. Zygomatic distraction was found to be an excellent
treatment regime in patients with severe maxillary defects
with insufficient bone and in whom other reconstructive
methods have failed.

Reconstruction of the temporoporomandibular joint

Studies on the effect of mandibular distraction on the
temporomandibular joint have shown that the condyles
assume a more normal anatomic size, shape and position
after distraction. McCormin et al., performed a two-part
study on the effects of distraction on the temporomandibular
joint and found that the process of distraction was beneficial
to the structure and position of the temporomandibular
joint [53, 54].
Schwartz and Relle evaluated the use of distraction
osteo-genesis in the reconstruction of ramus condylar
unit in the temporomandibular joint. They found that
distraction resulted in the development of solid regenerate
bone and an effective new articulation [55].
Yu et al., utilised gap arthroplasty and distraction
osteogenesis simultaneously in the treatment of unilateral
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ankylosis of the temporomandibular joint in patients with
micrognathia [56].

Transport distraction osteogenesis

Transport distraction osteogenesis can be defined as the
creation of bone and soft tissue to fill defect by moving a
disk of bone and formation of new tissue behind it until it
docks the host bone [55]. Bifocal distraction osteogenesis,
or bone transportation, is a modification of monofocal
distraction that involves moving a free segment of living
bone to fill an intercalary bone defect [57].
Transport distraction osteogenesis has been used for the
treatment of patients with maxillectomy, mandibulectomy
[58] due to neoplasms, mandibular symphysial defects,
alveolar defects and TMJ ankylosis [59].

Distraction osteogenesis in orthodontics

It has now been established that a combination of
orthodontics with distraction osteogenesis yields good
results. The dentoalveolar distraction technique is an
innovative method that reduces overall orthodontic
treatment time by nearly 50%, with no unfavorable effects
on surrounding structures [60]. Studies demonstrated that
a skeletal Class I apical base relationship, good facial profile,
and optimum intercuspation of the teeth were achieved with
the treatment. It was found that an orthodontic treatment
combined with mandibular distraction osteogenesis in
a patient with mandibular retrusion in the late growth
period to be effective for improving stomatognathic
function [61]. Distraction osteogenesis provided an efficient
surgical alternative to orthognathic surgery for widening
the mandible and treatment of transverse mandibular
deficiency without extraction of teeth [62].

Alveolar ridge augmentation

Sufficient amount of alveolar bone is the prerequisite
for the prosthetic rehabilitation of a patient with lost
or missing teeth. Resorption of bone is unavoidable
when it comes to alveolar ridges, be it due to improper
functional loading, trauma, or just simply a matter of
time. The options available are onlay bone grafting,
interpositional bone grafting, guided bone regeneration.
Alveolar distraction osteogenesis (ADO) has evolved as a
promising procedure for alveolar ridge augmentation prior
to implant placement. Distraction osteogenesis provides
an opportunity to obtain a natural formation of bone
between the distracted segments. Im et al., successfully
treted the ankylosed maxillary central incisor by Miniscrewanchored alveolar distraction [63].

Alveolar distraction devices

• Extraosseous alveolar distractors are placed on the
lateral side of the alveolar bone and attached to the
transport and host bone segments eg., TRACK.
5
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• Endosseous device, the distraction rod is inserted
into the transport and host bone segments. Some,
such as the LEAD System.
• Distractor and oral implant combination device is a
prosthetically restorable distractor. Conceptually this
approach is superior because the secondary surgeries for
distractor removal and implant placement are eliminated.

Regeneration of periodontium – an emerging field

Since distraction osteogenesis emerged as a promising
technique of bone regeneration, scientists were hopeful that
the same principles could be applied for the regeneration
of lost periodontium. They hypothised that periodontium
can be consistently distracted towards the tooth crown to
promote periodontal bone regeneration. Although only a
few attempts have been made, the results obtained were
sufficient to establish periodontal bone regeneration as a
new treatment alternative for periodontal defects [64,65].
Bavitz et al., created a supraalveolar periodontal defect
on the buccal surface of three mandibular teeth of four
beagle dogs. The lingual attachment was not compromised.
During the same surgical visit, 7 self-tapping 1.5-mmdiameter titanium screws were placed inferior to the
tooth apices to a depth of approximately 2 to 3 mm. The
mucoperiosteal flap was then apically repositioned with
the screw heads piercing through the gingival.
After three months corticotomy was performed of
1 to 2 mm depth. Two orthodontic elastics were then
applied from the brackets on the area to the screws in a
rectangular pattern measuring approximately 2 cm X 1 cm.
The premise was to allow the buccal plate, periodontal
ligament, and gingival to slide or distract up the root
surfaces, thus regenerating attachment.
The results showed a significant new cementum formation but failed to show new bone deposition.
Faber et al., 2005 attempted the same experiment
but ensured the blood supply to the split periodontium
through the periosteum. After the surgical production
of the periodontal defects in maxillary canines of five
mongrel dogs, periodontal distraction was performed.
Results showed that periodontal bone regeneration
occurred in all animals. New cellular cementum and
periodontal ligament tissue were found in association
with the regenerated alveolar bone [65].

Periosteal expansion osteogenesis

Taking distraction osteogenesis to a step further, recently
periosteal expansion osteogenesis has been attempted.
The technique is based on the concept that tension in the
periosteum can lead to the production of subperiosteal
bone without corticotomy or local harvesting of the bone.
Highly purified Beta-tricalcium phosphate is biocompatible,
biodegradable & osteoconductive. It gradually degraded
during the bone remodelling process and is replaced by
mature new bone [66].
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Surgical procedure involves the reflection of the mucoperiosteal
flap and placement of the beta tricalcium phosphate block
lateral to the bone with two titanium screws placed at the
inferior border to prevent its inferior displacement and
two more screws inserted from the lingual side to push
the block labially. After a latency period of 8 days, during
which primary wound healing occurred, the lingual screws
were advanced by; 0.5 mm/day for 8 days.
The alveolar form at the experimental region was changed dramatically following lateral expansion with the
β-TCP block. Newly formed bone was observed in the gap
between the bone and the β-TCP block, as well as on the
lateral surface of the block. Moreover, the replacement of
large parts of β-TCP with newly formed bone was observed
in the β-TCP block area. However, newly formed bone was
not observed over the upper parts of the block.
The study showed the feasibility of periosteal expansion
distraction osteogenesis and the potential use of β-TCP for
induction of osteoblastic response in periosteum.

Advantages, disadvantages & complications of
distraction osteogenesis
Advantages

1. Decreased operating time and hospital stay.
2. Can be applied at a younger patient.
3. It is a relatively simple technique.
4. Does not require blood transfusion and bone grating.
5. The technique is allows simultaneous expansion of
associated soft tissue.
6. Distraction osteogenesis permits larger movements
and offers greater post operative stability.

Disadvantages

1. Requirement of second surgical intervention for the
removal of distraction device.
2. Pain during distraction phase.
3.Does not correct underlying growth disturbance.
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