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Abstract:

Background: Distraction osteogenesis (DO) has revolutionized orthodontic treatment
approaches by enabling controlled bone lengthening and expansion through gradual
mechanical force application. This biological process has gained significant attention in
contemporary orthodontics for treating various skeletal discrepancies and complex
malocclusions.

Objective: This narrative review aims to comprehensively analyze the current
applications, advantages, limitations, and future prospects of distraction osteogenesis in
orthodontic practice, incorporating recent evidence from 2020-2024.

Methods: A comprehensive literature search was conducted using PubMed, Scopus, and
Web of Science databases for articles published between 2020-2024.

Results: Current evidence demonstrates that DO offers significant advantages in treating
mandibular micrognathia, maxillary constriction, and alveolar deficiencies. Recent
innovations include computer-assisted planning, customized distraction devices, and
accelerated protocols. However, challenges remain regarding patient compliance,
device-related complications, and long-term stability.

Conclusion: Distraction osteogenesis represents a valuable adjunct to conventional
orthodontic treatment, offering predictable outcomes for complex skeletal problems.
Future developments in biomaterials, digital planning, and minimally invasive
techniques promise to enhance its clinical applications and patient acceptance.

Distraction osteogenesis, orthodontics, mandibular advancement, maxillary expansion,
bone regeneration, skeletal discrepancy, dentoalveolar distraction, craniofacial surgery

craniofacial and orthodontic surgery'. The concept
of gradual and controlled mechanical distraction to

induce new bone formation has revolutionized the

Ilizarov in the 1950s for the lengthening of the

limbs, has become a ground-breaking method in
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treatment approach for many skeletal discrepancies

and difficult orthodontic cases?.
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The historical development of distraction
osteogenesis in craniofacial surgery started with
McCarthy et al. in 1992, who initially used
mandibular  distraction to treat congenital
micrognathia’. The procedure has since been
extended to include maxillary advancement,
dentoalveolar augmentation, and intricate three-
dimensional correction of craniofacial
deformities3,?.

Modern orthodontics more and more
appreciates the promise of distraction osteogenesis
in overcoming the limitations of traditional
treatment methods®. Classic camouflage in
orthodontics and orthognathic surgery, both
powerful, can have limitations in the case of
extreme skeletal discrepancies, growth issues, or
extensive augmentation of bone®. Distraction
osteogenesis presents a biological method that
exploits the inherent healing ability of the body to
generate new bone tissue and, at the same time,
skeletal

achieve  desired correction?, 7.

The  incorporation  of  distraction
osteogenesis into orthodontic therapy is a paradigm
shift towards more biological and less intrusive
treatment modalities®,’. Advances in digital
planning','!, individualized device design'%,'?, and
accelerated protocols','> over recent years have

further improved the clinical relevance and

predictability of distraction therapy.
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LITERATURE REVIEW METHODOLOGY

Distraction osteogenesis, originally introduced by
Ilizarov in the 1950s for limb lengthening, has
become a groundbreaking method in craniofacial
and orthodontic surgery'. The concept of
sequential, controlled mechanical distraction to
induce new bone growth has revolutionized the
treatment protocol for a range of skeletal
discrepancies and severe orthodontic cases®.
A systematic review of the literature was performed
to assess current evidence for distraction
osteogenesis uses in orthodontics. The electronic
databases of PubMed/MEDLINE, Scopus, Web of
Science, and Cochrane Library were systematically
searched for relevant publications from January
2020 to December 2024.
The search approach utilized MeSH terms and free-
text words together: "distraction osteogenesis,"

n.n

"mandibular distraction," "maxillary expansion,"

"dentoalveolar distraction," "orthodontic

nomn

distraction," "craniofacial distraction," and "bone
lengthening" in conjunction with Boolean
operators. Further manual searching of reference
lists and gray literature was also conducted to
provide full coverage.
Inclusion consisted of peer-reviewed, English-
language original research, case reports, systematic
reviews, meta-analyses, and clinical guidelines on
distraction osteogenesis in orthodontic and
craniofacial treatment. Exclusion consisted of those

papers pre-dating 2020, non-English literature, and
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those studies that applied distraction osteogenesis
exclusively for orthopedic purposes without

craniofacial application.

BIOLOGICAL PRINCIPLES OF
DISTRACTION OSTEOGENESIS:

FUNDAMENTAL MECHANISMS

Distraction osteogenesis works on tension-stress
principle, with regulated mechanical forces
inducing cellular and molecular cascades which
result in the formation of new bone?,'°. It occurs in
four stages: osteotomy, latency period, distraction
phase, and consolidation period'”. When surgical
bone division is performed during the osteotomy
phase, a site of fracture becomes the basis for the
following distraction’. Latency, generally 5-7 days,
provides for initial healing and callus formation'’.
Distraction is achieved by stepwise removal of the
segments of bone at a controlled rate, usually
Imm/day in several steps'’. Finally, there is a
consolidation phase for mineralization and

maturation of newly formed bone tissue'®.
CELLULAR AND MOLECULAR BIOLOGY

There has been an increasing understanding of the
intricate ~ cellular  processes of distraction
osteogenesis?,'. These include coordinated
function of osteoblasts, osteoclasts, endothelial
cells, and mesenchymal stem cells in the distraction
gap,?.  Growth factors such as bone

morphogenetic  proteins (BMPs)?!,  vascular
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endothelial growth factor (VEGF)', and insulin-
like growth factor (IGF)'® are important regulators
of bone formation and angiogenesis. The
mechanotransduction pathway transduces
mechanical signals into biological responses via
multiple cascading signals>. Among the major
molecular mechanisms involved in distraction
osteogenesis are ~ Wnt/B-catenin  signaling,
Hedgehog pathway, and BMP/Smad signaling'¢,?.
Elucidation of these pathways has given rise to
pharmacologic interventions aimed at promoting or

speeding up the distraction process?.
FACTORS INFLUENCING SUCCESS

Several factors contribute to the success of
distraction osteogenesis, such as patient age, bone
quality, rate and rhythm of distraction, stability of
the device, and local biological environment'”,*.
Younger patients tend to have better healing ability
and greater rates of bone formation®,?¢. The 1mm
per day rate of distraction has been determined to
be optimal, providing sufficient stimulus for
osteogenesis without excessive tissue tension'’.
The rhythm of distraction, or frequency of daily
activations, has an important bearing on the
outcome'’. Several small increments (0.25mm four
times a day) tend to yield better results than single
large increments'®. Stability of device and vector
control are key to consistent outcomes and avoiding

complications'?,?’.
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CLASSIFICATION AND  TYPES OF
DISTRACTION OSTEOGENESISL:

ANATOMICAL CLASSIFICATION

Distraction osteogenesis in craniofacial surgery
may be categorized anatomically as mandibular
distraction',”’, maxillary distraction®,®, and
dentoalveolar distraction*. Each group has specific
clinical applications and must use specialized
techniques and appliances'?.
Mandibular distraction covers unilateral or bilateral
lengthening

procedures  for  micrognathia,

hemifacial microsomia, or mandibular
hypoplasia',””. Maxillary distraction involves
advancement procedures for midface deficiency
and expansion techniques for transverse maxillary
constriction3,2®, Dentoalveolar distraction involves
localized alveolar deficiencies and space closure in

complicated orthodontic cases®.
DEVICE CLASSIFICATION

Distraction devices can be referred to as internal or
external and unidirectional or multidirectional'3,?.
Internal devices are positioned wholly in the oral
cavity or under the skin, which is more patient
compliant and comfortable'?,?. External devices
offer more control and adjustability but are more
likely to interfere with aesthetics and patient
acceptance®®.

New developments encompass patient-specific
custom appliances that are designed by the use of

CAD/CAM technology'%,'3. The appliances provide
DENTAL

Agarwal N et al.

better fit, shortened surgery time, and better vector

control for difficult three-dimensional

corrections'®,'2.
ORTHODONTIC APPLICATIONS:

MANDIBULAR DISTRACTION
Mandibular distraction osteogenesis is now the
treatment of choice for extreme mandibular
micrognathia, especially in children with
compromised airways',?. The procedure is superior
to conventional orthognathic surgery in a variety of
ways, such as the avoidance of bone grafts,
preservation of periosteal blood supply, and the
possibility of progressive soft tissue adaptation®,°.
Unilateral mandibular distraction is only indicated
for hemifacial microsomia and condylar
hypoplasia?’,’!, whereas bilateral distraction treats
generalized mandibular deficiency (fig 1). Recent
research shows great long-term stability with
proper case selection and surgical technique*.

Modern applications are transport distraction for
mandibular reconstruction after tumor resection,
and symphyseal distraction for transverse
mandibular expansion. Computer planning has
greatly enhanced vector precision and predictability

of results!o,!!,
MAXILLARY DISTRACTION

Midface deficiency 1is treated by maxillary
distraction with advancement procedures, and
transverse maxillary constriction by expansion

procedures?,®. Rapid maxillary expansion (RME)
JOUHS Sept 2025, Volume 1 issue 2
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by distraction concepts provides controlled,
physiological growth with less relapse potential

than traditional expansion techniques?.

Rapid palatal expansion (RPE) assisted surgically
along with distraction protocols has demonstrated
higher results in adult patients with extensive
maxillary constriction®,?%(fig 2). The procedure
reduces dental complications with substantial

skeletal expansion®.

New technologies involve maxillary advancement
with rigid external distraction devices for extensive
midface deficiency conditions''. These procedures
provide other treatment options for patients who are
not ideal candidates for traditional Le Fort

advancement surgeries®.
DENTOALVEOLAR DISTRACTION

Dentoalveolar distraction is a new method used in
treating localized alveolar deficiencies and
complicated space closure needs*. It allows for
simultaneous tooth displacement and augmentation
of alveolar bone (fig 3), which is especially helpful

in vertical alveolar deficiency cases*.

Applications are correction of alveolar cleft defects,
augmentation of atrophic alveolar ridges before
implant placement, and space closure in extraction
sites with extensive bone loss**. The procedure
provides biological bone augmentation without

necessity for bone grafting procedures’.
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Recent case series illustrate good results in treating
complex orthodontic cases with combined skeletal
and dental issues*. The procedure involves precise
patient selection and thorough surgical planning to

reach the best possible results®*.
ADVANTAGES AND BENEFITS

BIOLOGICAL ADVANTAGES

Distraction osteogenesis has a number of biological
benefits compared to traditional treatment
methods?*. The creeping process nature of bone
formation preserves periosteal blood supply and
encourages development of high-quality mature
bone tissue®,'’®. The mechanism encourages
simultaneous soft tissue expansion, decreasing

tension and enhancing wound healing?®.

The method avoids the need for bone grafts and
donor site morbidity and provides predictable bone
formation®,”. The formed bone exhibits histological
features comparable to normal bone tissue with

proper mechanical properties'®.
CLINICAL ADVANTAGES

Clinical advantages are less surgical trauma,
reduced operative time, and shorter hospitalization
needs than in major orthognathic surgery®,’. The
stepwise approach facilitates real-time observation

and modification of treatment progression®.

Individualized distraction protocols and tailored

device design can be used to achieve patient-
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specific  results’?**.  The method provides
therapeutic options for patients who are poor
surgical candidates based on medical comorbidities

or anatomical limitations®.

AESTHETIC AND
ENHANCEMENTS

FUNCTIONAL

Distraction osteogenesis offers superior aesthetic
results by means of progressive adaptation of the
soft tissues and preservation of normal facial
proportions*°,, Functional enhancement
encompasses augmented airway size*, improved
speech articulation, and enhanced masticatory

efficiency.

The method is especially advantageous in children
by obviating requirement of multiple staged
interventions and permitting growth and continued

development during treatment®,2®.
LIMITATIONS AND COMPLICATIONS
PATIENT-RELATED LIMITATIONS

Compliance of the patient is a major issue in
distraction osteogenesis, especially with device
activation protocols and oral care maintenance?®,.
Patients who are younger might need to be
supervised by parents and receive support during

the treatment process?,%.

Psychological effects of visible hardware and
device placement might influence the patient

acceptance and quality of life during the
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Agarwal N et al.

treatment®,**, Patient education and proper

counseling are critical for optimal success®.
DEVICE-RELATED COMPLICATIONS

Mechanical issues are loosening of the device,
screw fracture, and vector maltracking with
distraction?”,?*. They can necessitate more surgeries

and threaten final results®’.

Infection of distraction devices happens in about
10-15% of patients and can mandate removal of the
device as well as discontinuation of treatment®’.
Prevention 1is possible with proper surgical

technique and postoperative care?”.
BIOLOGICAL COMPLICATIONS

Improper consolidation can be caused by
insufficient distraction rate or disturbance of the
distraction rhythm'’. This complication can
necessitate osteotomy revision and resumption of

the distraction process?’.

Damage to nerves, especially inferior alveolar
nerve in mandible procedures, is a severe
complication with possible permanent sequelae®”,.
Preventive measures depend on careful surgical

technique and anatomical awareness®*.
RECENT ADVANCES AND INNOVATIONS

DIGITAL PLANNING AND VIRTUAL
SURGERY

Computer-guided planning has transformed

distraction osteogenesis by providing accurate
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preoperative simulation and vector planning','.
Virtual surgical planning optimizes the placement
of devices and predicts end results with excellent

accuracy'o,'’.

Three-dimensional printing technology provides
patient-specific surgical guides and customized
distraction devices for production'?,'*. These
technologies enhance surgical accuracy and shorten
operative time without sacrificing predictability of

outcomes'2.
ACCELERATED PROTOCOLS

Investigation of accelerated distraction protocols is
focused on decreasing treatment time without
compromising quality of bone formation','.
Pharmacologic approaches such as recombinant
growth factors?' and local drug delivery systems?

hold potential for promoting osteogenesis.

Low-intensity pulsed ultrasound (LIPUS)" and
other physical stimulations have exhibited potential
to accelerate bone formation during consolidation
phase. These supplemental treatments can decrease
treatment time overall and enhance patient

compliance',"?.
BIOMATERIAL ADVANCEMENTS

Advancement in bioactive coating and drug-eluting
devices will improve osseointegration and
minimize infection rates3®,3°. Smart materials with
shape memory also provide better device design

and patient comfort®.
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Biodegradable distraction devices remove the
requirement for device removal surgeries but have
sufficient mechanical properties during the
distraction phase*®. These are the future trends in

distraction technology?®,*.

FUTURE PROSPECTS AND EMERGING
TECHNOLOGIES

REGENERATIVE
APPLICATIONS

MEDICINE

Combining the concepts of stem cell therapy and
tissue engineering with distraction osteogenesis has
great potential for improving both the quantity and
quality of bone formation'®,*°,”. Mesenchymal stem
cells and bone marrow concentrate usage has

promising initial results'®,?.

Gene therapy interventions targeting particular
osteogenic pathways could allow more precise
regulation of the distraction process and better

outcomes in difficult cases??.

ARTIFICIAL INTELLIGENCE AND
MACHINE LEARNING

Al-driven planning tools and outcome prediction
models are being created to maximize treatment
protocols and enhance patient selection®,*'.
Machine learning models can scrutinize vast
amounts of data and determine predictors of

successful outcomes*®,*!.
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Real-time monitoring via loT-based automated
systems could potentially allow for tracking
distraction process in real time and complication
early detection, enhancing patient care and

outcomes.
MINIMALLY INVASIVE TECHNIQUES

Evolution of percutaneous and endoscopic methods
has the aim of minimizing surgical morbidity with
preserved effectiveness of distraction treatments®,’.
Such methods have the potential to enhance patient
acceptability and widen indications for distraction

osteogenesis®.

Micro-distraction tools and nanotechnology

devices are new frontiers for device miniaturization

and increased biological integration*?.

Fig 1-3D Illustration of a mandibular distraction
osteogenesis device showing bone lengthening
directions and the mechanical framework applied to

the lower jaw. (Al Generated)
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Fig 2: Distraction osteogenesis maxillary

expansion (DOME)

Fig 3: Illustration showing alveolar distraction
osteogenesis procedure with device implanted to
gradually lengthen the alveolar bone. (Al
Generated)

CONCLUSION

Distraction osteogenesis has proven to be an
excellent and versatile method in current

orthodontic as well as craniofacial surgery',®. The
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JOURNAL OF ODISHA UNIVERSITY OF HEALTH SCIENCES

REVIEW ARTICLE

biological principle of controlled mechanical
stimulation to produce new bone formation
provides special advantages for correcting complex
skeletal discrepancies and difficult orthodontic

cases>.

The existing evidence shows great results for
mandibular lengthening operations',*?, maxillary
expansion methods®*®, and advanced uses in
dentoalveolar distraction*. The method offers
biological solutions without donor site morbidity
while obtaining stable skeletal corrections with

simultaneous soft tissue adaptation?,°.

In spite of inherent drawbacks such as patient
compliance requirements*® and  risks?’,*”,%,
continuous advancements in digital planning','’,
device technology'?,'®, and fast-track protocols','®
continue to push the boundaries of clinical
applicability and reproducibility of distraction
osteogenesis.  Advances in  regenerative
medicine'®,*2,°, artificial intelligence*,*!, and
minimally invasive procedures®,” in the future will
promise to further widen the radius and efficacy of

such procedures.

The inclusion of distraction osteogenesis in holistic
orthodontic treatment planning is a significant
development in evidence-based practice’,**. As our
comprehension of the underlying biology remains
distraction

dynamic?,'s, osteogenesis  will

increasingly become a valuable resource in solving
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complex craniofacial issues and achieving optimal

functional as well as aesthetic results for patients’.

Ongoing investigation and innovation in this area
will certainly bring about further advances in
technique, better patient outcomes, and increasing
clinical applications, reinforcing the status of
distraction osteogenesis as a keystone of

contemporary  orthodontic and  craniofacial

surgery?>.
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