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ABSTRACT

As an alternative to many traditional orthognathic surgical treatments, distraction osteogenesis of the craniofacial skeleton
has grown in popularity. It involves the gradual separation of bone segments by incremental traction, which results in the
production of new bone between their surfaces. Applying controlled traction at the site of surgically created bone
disturbance during its healing process is known as distraction osteogenesis. By establishing and sustaining an active region
of bone formation in the surgically generated gap, the approach capitalizes on the regenerative potential of bone while
directing the mechanical forces primarily away from the location. Both the bone and its envelope lengthen. llizarov
provided the scientific foundation for this idea in the 1950s and demonstrated that long bones may be lengthened using
this technique without the need for a graft material. The fundamental method consists of surgically breaking the malformed
bone, inserting the device, resting for five to seven days, and then gradually separating the bony segments by activating
them followed by a consolidation period. Hence, the purpose of this article is to review the historic development ,histology,
classification and orthodontic implications distraction osteogenesis.

1. INTRODUCTION

Distraction osteogenesis is a biological process which creates new bone between the surfaces of bone segments that are
progressively pulled apart by incremental traction.! This process lasts as long as the callus tissues connecting the split
bone segments are stretched, and it starts when distraction pressures are applied to them. Tension created by the traction
promotes the growth of new bone parallel to the distraction vector. Through the establishment and maintenance of an active
region of bone production in the surgically generated gap, the procedure capitalizes on the regeneration potential of bone.
Both the bone and its envelope lengthen. 2Adjacent tissues such as gingiva, skin, fascia, muscle, cartilage, blood vessels,
and peripheral nerves experience active histogenesis when tensional pressures brought on by progressive distraction are
present. 3Larger skeletal movements are made possible by these adaptive soft tissue modifications, which also reduce the
risk of recurrence that comes with acute orthopedic adjustments.
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2. HISTORY

In 1927 Wassmund claims that Rosenthal used an intraoral tooth-borne appliance that was gradually activated over the
course of a month to accomplish the first mandibular osteodistraction surgery.

Figl Fig 2

who was followed by Kazanjian (1941) and Crawford (1948). Subsequently, Allan (1948) incorporated a screw device
to control the rate of distraction.

Fig 3
Kazanjian’s "over the face" appliance for gradual advancement of the mandible.

Gavril Ilizarov (1969) created a method for fixing complicated fractures or long bone nonunion in 1951. Ilizarov's method
was predicated on the biology of bone and the surrounding soft tissue’s capacity for tension-induced regeneration. He
made the surgery safer and was able to lessen the frequency and intensity of the difficulties. In 1990, Guerrero et al.
employed an intraoral distractor that was affixed to the teeth by orthodontic bands and to the bone by bendable forked
arms Constantino et al. did fi rst application of transport distraction osteogenesis for reconstructing segmental mandibular
defects. Mandibular distraction in humans using an extraoral distractor in patients with hemifacial microsomias was fi rst
reported in 1992.

3. HISTOLOGY OF DISTRACTION OSTEOGENESIS

The present notion of five histomorphologic zones with four transitional areas between the zones was described by Karp
et al. in animal experiments.

The centre zone, the two paracentral zones, and the two proximal/distal zones are the five zones.
The two regions of mineralization fronts and the two regions of vasculogenesis make up the four transitional areas.
The most cellular and blastema-like zone is the center one. New trabeculae in perfect alignment with the line of tensile
stress are visible in the mineralization front's transitional area.?

Journal of Neonatal Surgery| Year:2025 [Volume:14 |Issue:18s
Pg 718



Dr.Sushmitha K, Dr lohith D, Dr.vinayaka, Dr Manoj Ezhil Annamalai, Dr Abhinandana K, Dr Lochana K

Fig 4

Indications of Mandibular Distraction Osteogensis®

1. Severe mandibular retrognathia/micrognathia

2. Craniofacial syndromes: hemifacial microsomia.Treacher Collins syndrome,

Nager syndrome, Pierre Robin sequence

3. Severe mandibular asymmetry

4. Post-traumatic deficient mandibular growth and temporomandibular joint ankylosis

5. Revision mandibular orthognathic surgery

6. Mandibular retrognathia with temporomandibular joint disease or juvenile rheumatoid arthritis

Advantages of Distraction Osteogensis °

. Allows greater mandibular lengthening of 10-30 mm

. Can be applied to unusual bony and soft tissue anatomy

. Allows slow gradual soft tissue adaptation to extreme mandibular lengthening

. Minimal to no skeletal relapse after extreme mandibular lengthening

. Can be applied to neonates, infants, and pediatric patients with obstructive sleep apnea
. Less invasive surgery compared with bone-grafting procedures

. Avoids intermaxillary fixation

. Avoids bone grafting and potential donor-site morbidity

. Can be used for mandibular widening

10. Fewer adverse temporomandibular joint effects in response to asymmetric lengthening
11. Decreased hospitalization time and cost compared with bone grafting

12. Less need for blood transfusion

O©oo~NO O WNPRE

Drawbacks of Distraction Osteogenesis °

. Skin scars

. Technique sensitive surgery, equipment sensitive surgery

. Possible need for second surgery to remove distraction device and patient compliance
. Transient changes in temporomandibular joint

. An adequate bone stock is necessary to accept the distraction appliances and to provide suitable
. opposing surface capable of generating a healing callus

. Damage to tooth germ

. Premature consolidation

. Damage to inferior alveolar nerve

10. Bilateral Coronoid Ankylosis

11. Tendency towards clockwise rotation

O©oOo~NOOOIh~WNBE

4. DEVICE

A distractor is a screw-jointed device that is attached to the bone or tooth that needs to be distracted. Screw activation
causes segments to become distracted over a few weeks.

The maxillofacial region's distractors can be categorized by their location, including mandibular, alveolar, midface or
maxillary, or transport (heo-mandible/neocondyle reconstruction). Devices can also be categorized based on how they are
used.
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Internal Distractors can be implanted beneath or above the oral mucosa, whereas Rigid External Distractors are fixed to
the bone with percutaneous pins, fixation clamps, and distraction rods.

Fig 5 Hoffman Mini Lengthener fig 6- Mandibular lengthening using an extraoral distraction
device
(Stryker Leibinger, Kalamazoo, MI, USA).

5. CLASSIFICATION

Exira oral Intraoral
Unidirectional s
Extramucosal submucosal
Bidirectional Tooth borne bone borne
Multi directional
! Dental implant borne hybrid

‘ According to distraction technigque ‘

According to number of
e \ distraction compression sites-

Zbifesal

3 trifocal

‘ 1 monofocal

- \

Distraction of fracture callus

growth plate

distraction of the bone growth plate ‘

6. DISTRACTION PROTOCOL

Distraction phases
1.latency phase
2.distraction phase
3.consolidation phase
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Fig 7 -Schematic drawings demonstrating 4 sequential periods of distraction osteogenesis: osteotomy (left),
latency (center left), distraction (center right), and consolidation (right).

Latency phase

The time frame is between 0 and 7 days.

It is the period between osteotomy and start of distraction during which soft callus is formed

During this phase, the initial clot formed is transformed into granulation tissue by the third day. This tissue becomes
progressively fibrous due to the accumulation of collagen and more vascular as new capillaries begin to form.
Additionally, there is the initiation of mesenchymal stem cell recruitment from the bone marrow and surrounding
periosteum.!

Distraction phase

This phase typically lasts 1-2 weeks, during which traction alters the usual course of the regeneration process. A dynamic
microenvironment is established, leading to tissue formation aligned with the distraction vector, along with an increase
and extension of angiogenesis.*

formation of new woven and parallel- fibered bone is seen.

During distraction, four distinct zones develop:-

A central fibrous area with low vascularity and collagen fibers aligned with the distraction vector

A transition zone where early bone formation

A bone remodeling zone

Mature bone at the ends.®

Usually the distraction device is activated at the rate of 1 mm and rhythm of 4 (increments of 0.25 mm each) done using
axial screw.®

Consolidation Phase

The consolidation phase is the period during which the regenerated bone matures and undergoes corticalization. Generally,
this phase lasts twice as long as the activation phase. In craniofacial bones, 3-5 weeks phase is recommended for children
and 6-12 weeks phase for adults. After sufficient distraction has been achieved, the device is left in place to allow the
regenerated bone to grow and change. In order to show bone movement throughout the healing phase, the distractor needs
to be sufficiently rigid. A fibrous non-union could happen if there is movement, which could be caused by either improper
fixation or earlier removal of the device.?

7. RATE OF DISTRACTION

According to Ilizarov's tension-stress rule, the ideal distraction rate for bone repair during distraction osteogenesis is 1
mm per day. Collagen fibers are aligned into parallel bundles by daily distraction, which directs perivascular cells and
developing arteries into longitudinal compartments*®. On the other hand, because of the greater distraction force and
relative significant movement, intermittent distraction causes microtrauma in the distraction zone. Micro-haematomas are
created and vessels are disturbed.

A higher rate of distraction is linked to severe soft-tissue contractures, nerve issues, and inadequate bone development. A
decreasing rate of 0.5 mm per day results in early consolidation.*

Rhythm of distraction

According to lllizarov, a distraction rhythm of 0.5 mm twice day or 0.25 mm four times daily is recommended.
Excessive expansion pressure can result in ischemia, which can cause periodontal issues, muscle, nerve, and soft tissue
tearing.*
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Stabilization/consolidation period

When the fragments stabilize in their final position following the conclusion of the distraction, this is known as
consolidation. This is accomplished by turning off the distractor and using it as a rigid fixation device. The duration of
this phase ranges from 8 to 12 weeks. In the osseous gap, callus mineralization takes place throughout this time.

8. CLINICAL IMPLICATIONS

Distraction operations will be delayed until growth maturity in patients with rapid growth because of the flexibility of
their bones.
For younger people, osseodistraction combined with external cortical corticotomy is recommended. Adults are less likely
to fail because their internal cortex is more resistant.®

Dento-Alveolar Distraction

fig 8
Compared to tissue regeneration or grafting, osteodistraction of the alveolar process works better for three-dimensional
restoration. For implant implantation and orthodontic tooth movement, alveolar ridge distraction is recommended to
increase bone volume.

9. MANDIBULAR DISTRACTION
Guerrero and McCarthy used external distractions to treat mid-symphyseal enlargement with a hyrax-type screw and

congenital facial abnormalities, respectively. Patients with respiratory problems, facial dysmorphism, and disorders such
Pierre Robin syndrome, Treacher Collins syndrome, micrognathia, etc were treated using these approaches.

Fig9 fig 10
Wangerin's horizontal and vertical mandibular distraction device (Medicon eG, Tuttlingen, Germany

Intraoral or transcutaneous (submandibular) incisions are required for the implantation of external or intraoral devices.
Distraction-based osteotomies provide several advantages over traditional ones, including -earlier surgery, quicker
operations, less postoperative complications (like transfusions), and a lower requirement for follow-up surgeries (like
grafts). Furthermore, relapse rates are reduced as muscles and soft tissue above (distraction histogenesis) get longer or
expand over time.

10. ORTHODONTIC OSTEOGENESIS CONSIDERATIONS IN DISTRACTION

Pre-surgical Orthodontic Preparation:

To ensure that the maxillomandibular skeletal relationship is not hampered by the current dental malocclusion, the teeth
should be positioned ideally relative to the basal bone.’
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Pre-distraction orthodontic therapy includes decompensation, alignment, leveling, and coordination of the mandibular and
maxillary arches.?

The fabrication of a distraction stabilizing device is a crucial component of pre-distraction orthodontic treatment. Before
surgery, distraction devices are typically placed in patients undergoing distraction osteogenesis. These devices preserve
the mediolateral dental interarch relationship and can be applied to patients with low compliance who don't need precise
tooth movement. A banded maxillary expansion appliance and a mandibular lingual arch with lingual and buccal ball
hooks positioned symmetrically make up the distraction appliance.®

Orthodontic Treatment during Distraction and Consolidation

The surgical operation is carried out following the completion of the pre-surgical orthodontic preparation. This orthodontic
treatment may involve the use of headgear, acrylic guidance devices, bands, brackets, distraction stability devices, elastics,
functional appliances, maxillary expansion devices, etc. to initiate movement towards the post

distraction position. These measures also helps in controlling clockwise or counterclockwise rotation of distracted
segments based on clinical requirements.

The orthodontist uses a skeletal appraisal to assess and choose the preferred vector during pre-distraction planning. The
following four factors are thought to have an impact on the observed vector:

1. The particular biomechanical properties of the chosen distraction device

2. The distraction device's alignment with the mandibular structure

3. The impact of neuromuscular

4. Forces from outside sources.

Orientation of distraction device to the mandibular anatomy

1.For the vertical elongation of the ramus- vector of the distraction is perpendicular or acute to the patient’s occlusal plane
2. For the sagittal advancement- vector of distraction is parallel to the patient’s occlusal plane

3. For both ramus and body lengthening-placement of distraction device oblique to the occlusal plane®

When the observed vector diverges from the intended vector, multidirectional distraction devices can alter it. Additionally,
as the distraction increases, they enable the addition of differential vertical, horizontal, or transverse vector components.

Distraction causes patients to gradually change their occlusion, leading to the development of functional compensations.
In order to help with masticatory function, these individuals frequently move their mandible anteriorly or laterally to
regain occlusal connections that were lost during distraction. The course of the tooth-bearing segment is probably
influenced by the recurring force represented by these functional positioning variations. Furthermore, the tooth-bearing
segments are subject to stresses from the soft tissue environment and orofacial musculature that may change the direction
of their movement.

external forces are applied by the clinician and consist of angular, transverse, or linear activation of the distraction device
and orthodontic/orthopedic manipulation of the tooth-bearing segment.

Distraction vectors in the vertical, anteroposterior, and transverse directions have been demonstrated to be impacted by
interarch elastic tension applied during distraction. Class 11 interarch elastics can be used to address Class Il malocclusion
caused by distraction. Class Il interarch elastics can be used to correct a Class 11l malocclusion. Protraction headgear may
be used to further support Class Il1 elastic traction.

Post-consolidation orthodontic/ orthopedic management:®

After consolidation, the distraction device is removed and the tooth-bearing segment of the mandible derives its support
from the new bone that was formed across the distraction gap.

In the growing bilateral distraction patient, overcorrection of mandible can be a temporary treatment objective in order to
compensate for the deficient mandible.

In unilateral distraction patients, the post distraction orthodontic therapy will most likely involve occlusal plane
management, correction of the dental midlines, and correction of the maxillomandibular transverse disharmony.®

11. CONCLUSION

Although orthognathic surgery has gained a generalized acceptance for maxillomandibular deformity correction, several
limitations are associated with acute advancement of osteotomized bone segments. Large skeletal discrepancies require
such extensive bone movements that the surrounding soft tissues might not adapt to their new position, resulting in relapse
or compromised function and esthetics. The application of osteodistraction offers novel solutions for surgical-orthodontic
management of developmental anomalies of the craniofacial skeleton as bone may be molded into different shapes along
with the soft tissue component gradually thereby resulting in less relapse.
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