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Comment

Jonathan Sandler

Alison and I have just spent almost a week in Sydney as guests of the 

Australian Orthodontic Society. We caught up with many colleagues who 

trained in the UK  in the nineties and noughties, and then went to seek 

their fortune in the Antipodes. In addition to visiting Bondai Beach and 

doing the Harbour Bridge walk, we have also given 8 lectures over 5 days 

showing our Australian colleagues exactly what we get up to in the UK. It 

was interesting to contrast the vibrant, incredibly prosperous atmosphere 

pervading the entire Orthodontic community in Australia, with the 

uncertainty about future contracts and viability of services at home, both 

in terms of hospital and specialist orthodontic practice.

 Australia celebrates almost 25 years of unbroken economic 

growth, showing little or no signs of slowdown, never mind recession, 

over the last 10 years. Despite this contrast in fortunes, the Australian 

orthodontic community is seriously concerned about the burgeoning 

increase in short term orthodontic options, the proliferation of 

‘orthodentistry’ and the increasing number of disgruntled patients who 

feel that they have been shortchanged by the profession. Corporate 

takeover of the specialty is seen as a major threat to the ‘status quo’ and 

DIY orthodontics has also reached these distant shores. Maybe things 

aren’t that different after all.  Watch this space . . . 

In this spring issue of Orthodontic Update, once again we hope 

to provide something of interest to all our readership. Sophie Barber 

and colleagues share with us their thoughts on the practical aspects of 

distraction osteogenesis, a technique which provided an alternative to 

more conventional methods of tooth and jaw movement. The Bristol 

Group, led by Dr Mittal, continue their excellent series on misplaced teeth 

in their discussion of aetiology and correction of  'The Aberrant Molar', a 

situation which most of us face on a weekly basis. The many clinical uses 

of separating elastics have been presented by Dr Patel and co-workers, 

and a couple of interesting Cases are reported of less commonly seen, but 

potentially serious conditions, that require multidisciplinary management. 

As the 'Beast from the East' threatens to stifle our travel plans,  I hope we 

can provide some interesting material for those who end up house bound 

over Easter.

www.markallengroup.com
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Distraction Osteogenesis 
Part 2: Technical Aspects
Abstract: The history and uses of Distraction Osteogenesis (DO) in the craniofacial region have previously been discussed. In this second 

part of the review the technical aspects of DO and the role of the different team members in the multidisciplinary care are described. The 

orthodontist is a key member of the team, assisting with treatment planning, pre-surgical orthodontics and the post-distraction phase.

CPD/Clinical Relevance: This report provides a description of the technical aspects of distraction osteogenesis to enable orthodontists to 

understand the process and their role in the multidisciplinary team.

Ortho Update 2018; 11: 46-54

Distraction osteogenesis is undertaken 

in a number of key stages (Figure 1). 

The success of DO relies on meticulous 

planning and provision of care with input 

from a multidisciplinary team specialized 

in the craniofacial region.

Planning
The first stage in DO focuses 

on planning and preparation. Identifying 

which structure is abnormal and the 

likely aetiology is essential to successful 

management. DO is used to correct 

the underdevelopment associated 

with hypoplastic or absent structures, 

to compensate for overdevelopment 

of contralateral structures. Diagnosing 

which structures require intervention 

is fundamental to planning the type, 

direction and magnitude of distraction.

A combination of 

photographs, conventional radiographs, 

such as orthopantomographs and lateral 

cephalograms, and 3D images are used 

for diagnosis and treatment planning 

(Figure 2). Advances in 3D printing from 

CBCT images has enabled the production 

of highly accurate 3D models of the 

Sophy Barber Lachlan Carter, Christopher Mannion and Claire Bates

craniofacial hard tissues, known as 

stereolithographic models, which are 

built up in layers from a polymer (Figure 

3). Stereolithographic models can be 

used to aid visualization for diagnosis 

and for counselling patients. Detailed 

surgical planning and mock-distractor 

placement can be undertaken on models 

and used to produce a surgical stent that 

then accurately transfers the planning to 

the patient.1 The mock-up can also guide 

preparatory bending of distractors, 

reducing surgery time.2

Pre-surgical orthodontics
The aim of pre-surgical 

orthodontics is to produce an occlusion 

that can help guide the skeletal 

distraction and produce a stable 

occlusion. Much like preparation for 

conventional orthognathic surgery, 

the orthodontic tooth movement 

may include levelling and aligning, 

decompensation and co-ordination of 

the arches, with the aim of positioning 

the teeth in the ideal position in the 

basal bone. Fixed appliances are most 

commonly used due to their ability to 

control tooth movement accurately in 

all planes (Figure 4). Supplementary 

appliances, such as a Quadhelix 

appliance, may be required to gain 

maxillary arch expansion. If osteotomy 

cuts are planned in tooth-bearing 

regions, pre-distraction divergence of 

the roots may be necessary.3

The fixed appliances are 

left in place during the distraction 

phase with passive stainless steel 

archwires. This provides a method for 

attaching inter-arch elastic traction 

during the distraction and consolidation 

phases. However, if the distraction 

will result in intra-arch expansion, the 

fixed appliances must be sectioned 

or carefully monitored and regularly 

adjusted to prevent interferences to arch 

lengthening.

In younger patients with 

craniofacial discrepancies who are 

undergoing DO as an interceptive 

measure to attempt to normalize 

growth and development, orthodontic 

treatment may not be necessary at the 

time of distraction. In these patients 

there is often a significant malocclusion, 

Sophy Barber, BDS, MJDF RSC(Eng), MSc, MOrth RCS(Ed), Post-CCST Registrar in Orthodontics, Lachlan Carter, MB ChB, BDS, FDS RCS(Ed), 

FRCS(OMFS), Dip Health Res, Consultant in Oral and Maxillofacial Surgery, Christopher Mannion, MBBS, BDS, FDS RCS(Eng), FRCS(Eng), 

PGC Med Ed, Consultant in Oral and Maxillofacial Surgery and Claire Bates, BChD, MFDS RSC(Ed), MClinDent Orth(Dist), DDS(Edin), MOrth 

RCS(Ed), FDS RCS(Ed), PGC THLE, FHEA, Consultant Orthodontist, Leeds Teaching Hospitals NHS Trust, St James’s University Hospital, Beckett 

Street, Leeds, West Yorkshire, LS9 7TF, UK.
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5). The bone is sectioned in the 

optimum position and direction to 

allow separation of the fragments in 

the desired vector. Although DO of long 

bones usually involves a corticotomy, 

where the external compact bone 

is sectioned while maintaining the 

medullary cortex and periosteum, in 

the craniofacial region an osteotomy is 

usually accepted due to the narrowness 

of the bones. Intra-oral surgical 

access is preferred, where possible, 

to minimize scarring in mandibular 

and maxillary procedures. However, 

this can significantly limit access and 

consequently an extra-oral approach is 

often more appropriate.

Placement of the distractor 

determines the vector of expansion 

and is therefore critical. During 

surgery, placement and securing of 

the distractor before the final surgical 

cut and osteotomy is performed 

ensures optimum positioning. This, in 

conjunction with meticulous surgical 

planning, optimizes the chance of a 

favourable outcome.

Types of distractors
Distractors are manufactured 

from a lightweight titanium alloy or 

surgical steel and must be rigid enough 

to prevent distortion and flexing in the 

distraction site. A number of designs are 

available to suit different functions and 

are categorized as internal or external 

(Table 1). External devices attach to the 

bone through percutaneous pins that 

attach externally to fixation clamps. 

These fixation clamps are attached to 

distraction rods which, when activated, 

push the bony segments apart. Internal 

distractors can attach to either the 

bone, above or below the mucosa, or to 

teeth.4 Internal distractors are preferable 

in terms of social acceptability and to 

minimize scarring, but inadequate access 

for placement can limit their feasibility. 

The distractor components and different 

designs of distractor are illustrated in 

Figure 6.

Success has been 

demonstrated with bioresorbable 

mandibular distraction devices in babies 

with Pierre-Robin, eliminating the 

need for further surgery for distractor 

removal.5 A further area of great interest 

is the development of automated 

distractors employing motor-driven, 

spring-mediated or hydraulically-

powered methods to allow remote 

activation and monitoring.6 This removes 

the need for patients to self-activate 

the distractor, potentially leading to 

improved outcomes.

Activation of the distractor
Following the initial surgery, 

a 3−7 day latent phase is given prior to 

commencing activation (Figure 7). The 

length of the latency period depends 

on individual patient factors, such as 

age, which will influence the speed of 

callus formation. The surgery results in 

a small gap, approximately 1.0 mm, in 

which a callus begins to form during the 

latent phase. This fibrous tissue consists 

of longitudinally oriented collagen with 

but orthodontic treatment is prohibited 

by the difficulties of planning orthodontic 

treatment and attaching a fixed appliance 

in the primary and mixed dentitions. In 

these patients DO is planned at a time 

to maximize the skeletal benefit, and 

correction of the occlusal discrepancies is 

postponed until the permanent dentition 

is established. Alternatively, a hybrid 

functional appliance is sometimes used.

Pre-distraction surgery
The preliminary surgical 

procedure has two purposes; to section 

the bone and place the distractor (Figure 

Planning and preparation

Pre-surgical orthodontics

Surgery

Latent phase (3–7 days)

Distraction phase

Consolidation phase (3 months)

Surgery

Monitoring

• Diagnosis

• Orthodontic planning

• Surgical planning for distraction placement

• Dental decompensation 

• Create space for surgical cuts

• Osteotomy to section the bone

• Distractor placement 

• Formation of callus

• Rapid separation of bony fragments

• Adjunctive orthodontic traction if required

• Rigid distractor left in situ
• Monitoring with radiographs or ultrasound

• Monitor growth and development

• Identify relapse or need for futher intervention

• Removal of distractor

hs)

•

• Diagnosis

• Surgical planning for distraction placement

• Dental decompensation 

• Create space for surgical cuts

• Osteotomy to section the bone

• Distractor placement 

Formation of callus• Formation of callus

• Rapid separation of bony fragments

• Adjunctive orthodontic traction if required

• Rigid distractor left in situ) •

• Monitoring with radiographs or ultrasound
)

•

• Removal of distractor• Removal of distractor

• Monitor growth and development

• Identify relapse or need for futher intervention

Figure 1. Key stages in distraction osteogenesis.

Internal External

Direction

Mode of attachment Tooth-borne

Bone-borne

Hybrid type

Bone-borne

Method of placement Subcutaneous 

Intra-oral: submucosal or 

extramucosal

Subcutaneous

Univector 

Bivector

Multivector

Table 1. Classification system for distractors.
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spindle-shaped fibroblasts within a 

mesenchymal matrix of undifferentiated 

cells.7

The distraction phase 

commences with the first turn of the 

distractor device and is continued 

until the desirable increase in bone 

length has been achieved. Controlled, 

incremental stretching of the callus 

through regular activation of the 

distractor initiates bone formation. 

Calcification of the callus begins as 

soon as distraction ceases and the 

rate and rhythm of distraction is 

therefore key; excessive activation of 

the distractor can cause poor healing, 

with elongation and thinning of 

the callus, while delay in activation 

will risk premature calcification 

of the callus and limited further 

movement. Age influences the ideal rate 

of distraction as younger patients grow 

faster. Specific distraction schedules vary 

but generally distraction is accomplished 

at a rate of two 0.5 mm turns per day, 

resulting in 1 mm distraction per day.

Clear information and 

communication with the patient and 

family is paramount for achieving a 

successful outcome. Activation tends 

Figure 2. Pre-treatment records for a 15-year-old male with mandibular asymmetry (JH). The patient’s 

growth had been monitored from 10 years old and he had undergone exposure of the maxillary left canine 

6 months prior to the photographic records. (a–c) Extra-oral views showing the Class II skeletal pattern 

and mandibular asymmetry with associated maxillary cant. (d–h) Intra-oral views showing bimaxillary 

proclination, mild lower labial segment crowding and the palatal maxillary left canine. (i) The OPT shows all 

teeth are present, with an unerupted lower left second molar and all third molars present and unerupted. 

The OPT was taken earlier than the photographs and at this time the maxillary left canine was unerupted 

and palatally ectopic with the primary canine still in situ. (j) The lateral cephalogram confirms the clinical 

picture of a Class II skeletal pattern with bimaxillary dental proclination.

a b c

d e

g

h

i

j

f
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to be completed by the patient or a 

family member at home following 

training from the clinical team. This can 

be a difficult task and motivation and 

compliance are essential.

 If a large movement is 

being achieved with distraction, then 

the callus can tend to become thinned 

as it is stretched over a long distance. 

A process described as ‘pumping the 

regenerate’ may be carried out to 

prevent this. The patient is asked to 

turn his/her activation screw alternately 

forwards and then backwards to 

prevent calcification and allowing 

more callus to develop. Pumping the 

regenerate technique is also used 

in bilateral cases where one side 

requires more movement than another, 

such as in asymmetry cases. During 

the activation phase close clinical 

assessment is critical to assess growth 

and movement.

Post-distraction phase
The rigid distractor is left 

in situ during the consolidation phase 

to allow the callus to calcify and 

transform into haversian bone. This 

rigidity prevents movement of the 

segments of bone and newly formed 

callus that would cause fibrous union. 

Bony healing is monitored clinically and 

with regular radiographic examination 

(Figure 8). More recently, ultrasound has 

been shown to be an effective method 

for monitoring bone calcification, 

reducing the number of radiographic 

exposures required.8

During the distraction and 

consolidation phases, orthodontic 

traction can be used to guide the 

tooth-bearing regions and mould 

the regenerate into the ideal post-

distraction position. Inter-arch elastic 

traction can be used with an antero-

posterior, vertical or transverse vector to 

correct Class II or Class III discrepancies, 

reduce open bites or correct cross bites 

and cants.3

At the end of the 

consolidation phase, once adequate 

bone healing is evident, the distractor 

is removed. The patient is reviewed 

long term to monitor further growth 

and continued assessment of function 

and aesthetics. Orthodontic retention 

is provided to maintain post-distraction 

tooth positions (Figure 9).

Treatment timing
Unlike conventional 

orthognathic surgery where growth 

cessation is required prior to surgery, DO 

can be used in growing patients. This is 

based on the rationale that DO is largely 

used to manage underdevelopment 

of structures to optimize the potential 

for normal growth and reduce the 

complexity of future treatment. While DO 

can compensate for underdevelopment 

of bony structures, distraction does 

not result in a normal rate of growth 

post-operatively. A study evaluating 

mandibular growth after DO in children 

under 48 months of age with congenital 

mandibular hypoplasia showed that 

growth on the affected side remains 

less than that on the normal side.9 

Similarly, distraction of the midface in 

Apert’s and Crouzon’s syndrome has 

been shown to have little effect on 

follow-up growth.10 Patients and families 

must therefore be warned that DO in 

childhood is not guaranteed to eliminate 

the need for further surgery. The timing 

of intervention is determined through 

longitudinal monitoring of development 

and informed decision-making between 

the clinical team and family about when 

it is best to intervene. The benefits 

of early intervention for normalizing 

development must be weighed against 

the impact of the procedure on the 

patient and family and the risk of relapse 

and repeat procedures.

Distraction osteogenesis is 

also used in non-growing patients where 

conventional orthognathic methods are 

judged to be unsuitable or have poor 

prognosis. In these patients, timing 

has little impact on the outcome from 

treatment and scheduling is therefore 

based on timing of patient presentation, 

patient wishes and service factors.

Potential complications
Improved soft tissue adaption 

and a corresponding reduction in relapse 

have been cited as major advantages 

Figure 3. (a−d) The CBCT from a young patient with hemifacial microsomia was used to construct a 

stereolithographic model to aid planning prior to distraction osteogenesis.

a

b

c

d
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of DO.11 A systematic review including 

six craniofacial DO studies, with a 

minimum follow-up period of 3 years, 

found that, although early relapse was 

seen up to 3 years post-distraction, 

the long-term stability of DO was 

generally good. The underlying cause 

of relapse is thought to be similar to 

that of orthognathic surgery, with 

soft tissue contraction playing a large 

part. The reviews authors did highlight 

methodological limitations in the 

included studies and the general lack of 

good quality evidence regarding long-

term stability.12

Other complications of DO 

can arise during the surgical stage, 

during activation of the distractor or in 

the post-distraction period (Table 2).13,14

Figure 4. (a−h) Pre-surgical orthodontics 

involving alignment of the palatally ectopic 

maxillary left canine, extraction of four second 

premolars and the mandibular third molars 

followed by pre-adjusted edgewise fixed 

appliance therapy to decompensate and 

co-ordinate the arches. Treatment took 20 

months.

a b c

d e

f g

h

Table 2. Potential complications arising from distraction osteogenesis.

Timing Complications 

Intra-operative Incomplete bone fracture

Nerve damage

Problems with the device: instability, breakage

Generic surgical risks: bleeding, swelling, bruising, pain

Damage to developing tooth buds with pins

Intra-distraction Patient compliance activating the distractor

Premature calcification of the bone

Pain, inability to eat

Problems with the device: instability, breakage 

Infection around the pins

Damage to teeth if tooth-borne distractor 

Post-distraction Malunion or failure of callus to heal

Relapse due to soft tissue pressure

Persistent nerve damage 

Facial scarring associated with external distractors 

TMJ symptoms 

Speech changes 
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The team approach
Distraction osteogenesis 

is a complex procedure that relies on 

team members with complementary 

skills working together effectively to 

achieve the best possible outcome for 

the patient. Unlike cleft lip and palate 

management, the care pathway for 

craniofacial deformity care has not been 

formalized and the team composition 

differs across the UK. Standardization 

of care is complicated due to low 

patient numbers and the highly variable 

presentation of skeletal anomalies 

between patients. Although 

desirable, it is not always possible to 

have healthcare professionals with 

expertise in craniofacial nursing, 

speech and language, diet and 

psychology. In the absence of a 

designated DO team, patient needs 

should be assessed early and every 

effort made to formulate a holistic 

approach to management.

Diagnosis and 

planning tend to be undertaken 

by the Maxillofacial Surgeon and the 

Orthodontist together. Successful 

planning requires understanding of the 

abnormal anatomy and likely future 

growth, and the scope and limitations of 

any potential distraction. Orthodontists 

can provide input at the planning stage 

about how surgery and distraction 

can be optimized with pre- and post-

distraction orthodontics.

Nursing staff familiar with 

craniofacial anomalies and the specific 

techniques associated with DO are 

invaluable in providing advice and 

c

a ab

b

d

Figure 5. (a−d) Surgical placement of bilateral distractors in a young girl with mandibular hypoplasia. 

The dotted line indicates the lower border of the mandible and the continuous line is the surgical 

marker for the proposed incision.

Figure 6. Distraction osteogenesis equipment components. (a) Components of the distractor device. 

(b) Activation screwdriver for use by patients, available in a straight or angled design.

Bone cut

Distractor

Callus

or

a

b

Distractor body – as the arm is activated 

the two fixation plates are separated

Screw plates to fixate the distractor into

cortical bone using pins

Distractor arm 

penetrates

through the mucosa 

or skin to enable 

screwdriver

attachment for 

activation

Figure 7. Diagrammatic illustration of activation 

of a mandibular distractor. (a) The bone is 

sectioned parallel to the direction of desired 

expansion. (b) Following a 3−7 day latent period, 

activation of the distractor is undertaken at an 

average rate of 1 mm per day.


