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Introduction

Mid-facial skeletal hypoplasia is
an inherent feature in patients with
cleft lip and palate. This character-
istic facial deformity is mainly
visible after preceding surgical
interventions, and is more obvious
after the eruption of the permanent
dentition. The more a child is
affected by the non-fusion of pri-
mary and secondary palate, the
more outspoken the underdevel-
opment will be. Patients with wide
unilateral complete clefts are more
severely affected than those with
narrow or incomplete clefts. Mid-
facial hypoplasia is observed most
when bilateral complete and wide
clefting is present (Figure 1).

Patients display a concave
facial profile: the mandible is pro-
truding and the mid-face is flat-
tened or retruded. The mid-facial
height and width are reduced.
There is an underlying malocclu-
sion, a Class-III malocclusion in
Angle’s classification. Because
the maxillary complex is underde-
veloped in almost all instances,
true mandibular prognathism is
not considered. Professionals will
classify this facial disharmony as
a skeletal “pseudo”-class-III mal-
formation.

Mid-facial hypoplasia in CLP
patients is often asymmetric in
appearance. This asymmetry is
inherent to unilateral cleft lip and
palate (“UCLP”) or to children
affected in an unequal way on two
sides in bilateral cleft lip and
palate (“BCLP”). The dental arch,
the alveolar process, and the basal
maxillary bone are involved. This
asymmetry phenomenon is accen-
tuated by unbalanced muscle

activity in the mid-facial mimic,
mainly the peri-oral, and intra-oral
musculature (Figures 2,3).

Due to the upper jaw asymme-
try with a collapsed posterior den-
tal arch, and the uplifting of the
anterior pole of the minor maxil-
lary fragment and the dental arch,
the non-affected mandible will
compensate for this malocclusion,
as muscles and teeth do. Un-
balanced muscle traction during
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Figure 1
X-ray profile view of the head of a cleft patient taken in a
cephalostat. Note the retruded midface, reversal of the normal
lip relationship, the skeletal and dental class-III deformity.
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growth (starting early during
intrauterine development) is the
other co-factor, both causing and
compensating for the cleft defor-
mity. A less striking asymmetry in
the lower face ensues: a protrud-
ing lower jaw and a chin with
deviation towards the affected side
in unilateral cases (Figure 4).
Function defines form, and form
defines function (Moss’s princi-
ple).

Asymmetry is mostly absent in
the subgroup with cleft palate only
(CP). Posterior width is most
often reduced, leading to symmet-
ric posterior cross-bite. In rare
cases, a particular cleft palate
(CP) patient will deviate from the
mainstream CP patient by not dis-
playing a pseudo-class-III defor-
mity, but rather a class-II maloc-
clusion. This typically occurs in
the Pierre Robin sequence, where
the mandible is severely retruded.

Aetiology

The aetiology of this dento-skele-
tal and facial complex is not
exclusively attributable to the
inherent consequences of incom-
plete fusion, malformation and
dysfunction. Hypoplasia is mainly
observed after surgery. Surgical
trauma, especially in young chil-
dren, has proven to be detrimental
to the normal development of the
tissues. Devascularisation, distur-
bance of growth centres and repar-
ative connective scar tissue
impede local development. This
impediment and the resulting mal-
formation is more striking as

surgery is applied earlier, more
extensively or repeatedly in the
period of growth.

In unoperated CLP patients, a
final state is often reached in
which, even though there is mal-
formation, hypodevelopment is
seemingly absent. In some experi-
mental animal studies, surgery
performed prenatally in the mid-
dle of the pregnancy can limit scar
contraction due to a different type
of wound healing.

Prevention

In our protocol we try to avoid soft
and hard tissue surgery as much as

Figure 2
Typical facial appearance of cleft patient,
with retruded midface and pseudo-class-
III malocclusion. Asymmetry in form and
function is generally obvious in a UCLP
patient.

Figure 4
Vertical, transverse and anteroposterior hypoplasia of the
maxilla with pseudo-class-III malocclusion. Several missing
teeth enhance the discrepancy.

Figure 3
Class-III malocclusion and underlying maxillary hypoplasia in
the same UCLP patient.
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possible when growth is still
ongoing. Exceptions to this pre-
ventive policy are dictated by
social (lip closure at 3 months of
age) and functional requirements
(soft palate closure at 1 year of
age; hard palate closure at 6-
7 years of age), and secondary
bone-grafting to the alveolar cleft
before eruption of the permanent
teeth. The type of surgery used is
as non-traumatic as possible.

Problem and management –
general considerations

Notwithstanding these efforts, we
are still seeing growth disturbance
in most of our patients, the two
more striking entities being:

1 – transverse palatal constriction:
the asymmetric or symmetric
posterior cross-bite, with nar-
rowing of the face

2 – tri-dimensional hypoplasia of
the mid-face, resulting in
class-III malocclusion.

The treatment of both entities can
be based on dento-skeletal com-
pensatory treatment, avoiding sur-
gical repositioning of the basal
bones involved, sometimes with a
risk of instable occlusion or
acceptance of permanent maloc-
clusion and facial deformity.

In other instances, corrective
surgery of the basal bones is indi-
cated, most often after decompen-
satory functional and orthodontic
treatment.

This can be performed during
growth (interceptive surgery) as
support for ongoing orthodontic
treatment, or when growth of the
facial skeleton has been complet-
ed. Interceptive surgery is often
provided using osteodistraction
technology, whereas corrective
orthognatic jaw surgery, also
mainly in the maxilla, is per-

formed after the mandible has
stopped growing. This may be
possible after the age of 16 in girls,
and after 17 in boys. Ongoing
growth is assessed in each individ-
ual cleft patient. Orthodontic treat-
ment will ideally start one year
earlier than the expected time of
conclusion of growth, in order not
to over-extend the period of intra-
oral fixed appliances.

So corrective measures are
applied to the underlying bone in
order to correct for pronounced
osseous malpositions and maloc-
clusion.

The basic techniques are
growth guidance and bone recruit-
ment or dento-osseous reposition-
ing (“orthognathic surgery”) in
collaboration with the orthodon-
tist. Growth guidance is provided
using intra- or extra-oral devices
with tooth support or bone sup-
port. In patients where a non-sur-
gical compensatory treatment
option is expected to fail,
osteodistraction (“DO” or “DOG”
Distraction Osteo Genesis) is
advocated. DO allows for the
gradual repositioning (one mm a
day) of the basal bone or the
dento-alveolar structures. In order
to achieve the intended displace-
ment, a corticotomy is performed
surgically. After an initial period
of rest of five days, the movement
of the mobilised dento-osseous
segments is guided along a precal-
culated vector using bone- or
teeth- anchored devices. The dis-
traction tools can be placed intra-
orally or extra-orally. In the dento-
facial area, distraction treatment
achieves repositioning without the
use of bone grafts over distances
of several millimetres up to three
centimetres or more. Distraction
can be used in any of the direc-
tions in the three-dimensional ref-
erence system.

Problem and management –
specific situations

1. Insufficient width of the upper
dental arch and underlying bone

Prevention

Preventive measures are taken in
order to minimise transverse
hypoplasia in the upper jaw. In
order to avoid constriction in the
posterior upper dental arch, the
surgical closure of the hard palate
is postponed until early in primary
school, when most maxillary
growth will have occurred.
Transpalatal widening is instituted
using palatal devices before the
closing procedure. The closure
procedure itself can adversely
affect transverse palatal growth
due to the sub-periosteal dissec-
tion, the double layer closure and
the interposed coagulum, and thus
benefits from being delayed until
the aforementioned period in early
primary school. The depth of the
palatal vault is often reduced. This
is a co-factor in the development
of the posterior cross-bite due to
constriction of the upper arch. A
missing or a hypoplastic tooth
(second incisor) in the alveolar
cleft region is also a contributing
factor.

Orthodontic transpalatal expan-
sion is again performed before the
age of the secondary bone graft,
using removable palatal plates
with widening mechanics or quad
helix devices fixed to the bicus-
pids and molars. The aim may be
to achieve parallel widening.
However, it is more often to
diverge the minor maxillary bone
segment in the anterior direction
(with the anterior pole of the
minor maxillary segment being
turned upward and inward). This
pre-graft palatal expansion policy
needs to be optimally performed,
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mainly when discrepancies
between the jaws are minimal.
Especially in these cases, later
corrective jaw surgery might be
rendered unnecessary. The autolo-
gous bone graft procedure on the
alveolar cleft and the eruption of
the lateral incisor and canine bring
further horizontal and vertical
alignment, bone mass and round-
ing in the anterior alveolar cleft
region.

Treatment

Nevertheless, after the bone graft
procedure to the alveolar cleft, a
narrow and shallow posterior
palate is often observed. Most
CLP and CP patient have a uni- or
bilateral posterior cross-bite: the
upper second bicuspids and upper
first and second molars have a
deviant palatoposition, giving rise
to a “omega-shaped” dental arch
(Figures 5,6).

The use of interocclusal or
transpalatal functional appliances
fail, in a substantial proportion of
CLP and CP patients, to achieve
normalisation of the intra-arch
width. Moreover, they tend to be
compensatory, at an age when the
growth potency and final outcome
of the non-surgical orthodontic
treatment is still unclear. The
treatment time might be extended
and the final result may be unsta-
ble. Low-pull headgear to restrict
mandibular growth, and reversed
face-mask traction (Delaire) to
stimulate maxillary growth can be
performed in cases of associated
major antero-posterior discrepan-
cy between upper and lower jaw.
When successful, this treatment
can also correct for transverse
inter-arch discrepancies.

As in non-cleft patients with
maxillary constriction (narrow
upper jaw) the orthodontist can
consider sagittal palatal suture

widening. In this technique,
strong transverse forces are
applied between both sides of the
posterior upper permanent dental
arch, using a cemented Hyrax
device. This technique can widen
both halves of the upper jaw by
Rapid Palatal/Maxillary suture
Expansion at a rate of 1 mm a day
and induce new bone
(“R.P.E.”/“R.M.E.”). In the cleft
patient there is increased resis-
tance to transverse forces from the
scarred palatal soft tissues.
Moreover, the cleft anomaly does
leave the patient without a regular

sagittal suture in the secondary
palate (unilateral or bilateral).1 In
a substantial group of CP/CLP
patients, protracted orthodontic
treatment in the upper jaw, extend-
ing over months or even years,
cannot establish normal width in
the upper dental arch or, therefore,
final, stable class-I occlusion in
adolescence. In severe cases, this
can be the outcome even when
teeth have been removed elective-
ly from the lower dental arch. 

In these patients, simple dento-
alveolar treatment will not correct
the position or the shape of the

Figure 5
Casts of a 12-year-old CP (cleft palate
only) patient after closure of the hard
palate. The width between the molars is
reduced. The anterior pole of the lateral
maxillary segments is tilted upward and
medially.

Figure 6
Casts of a 9-year-old BCLP patient after
closure of the hard palate. The width
between the molars is reduced. The ante-
rior pole of the lateral maxillary segments
is tilted upward and medially, in this
patient with bilateral involvement of the
alveolar processes.
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supporting maxillary bone. Bony
support defines facial aesthetics.
In order to improve facial aesthet-
ics, then, conservative orthodontic
treatment may not be sufficient.

In those CP/CLP patients in
whom non-surgical methods are
expected to be inadequate for the
correction of the maxillary con-
striction, one can advocate jaw
surgery as support to improve the
results of the orthodontic treat-
ments described (Figures 7,8).
Regular Surgical Assistance to
Palatal or Maxillary Expansion
(“S.A.R.P.E.” or “S.A.R.M.E.) is a
procedure in which an osteotomy
line (“corticotomy”) is created
horizontally and supra-apically to
the roots of the teeth in the buccal
wall of the maxilla, weakening the
rigidity of the zygomatic buttress
area and of the pyriform rim area.
At the same time a release of the
mid-palatal suture is performed,
and eventually a sagittal corticoto-
my is designed in the lateral floor
of the nasal cavity. On demand, a
pterygomaxillary disjunction can
be combined with it, when mainly
posterior maxillary expansion is
required. Afterwards transverse
palatal forces are applied using

devices cemented to the bicuspids
and the molars, or using devices
supported by the bony palate. In
cleft patients a variation on this
design is needed because of the
variation in palatal anatomy and
because of the need for posterior
widening. A modified corticotomy
design is therefore applied
(Figures 9,10). The corticotomy is
applied sagittally through the hard
palate, in the region between the
palatal roots of the teeth and the
cleft scar. The corticotomy runs
antero-posteriorly in regular bone
in the floor of the antrum. In order
to enable posterior widening, a
transalveolar osteotomy is per-
formed in the tuber maxillae
region.

Transpalatal expansion is then
applied gradually. A tooth-borne
hyrax device is usually selected;
bone support is not usually possi-
ble in CP/CLP patients.

When a bilateral CLP is pre-
sent, the patient may require two
successive S.A.R.P.E. interven-
tions focusing upon widening
each side separately.

As a result, the upper dental
arch can be widened and rendered
symmetrical. The teeth can be

lined and levelled, and normal
occlusion can be installed or pre-
pared for. Mid-facial width
increases and nasal alar support
improves.
The improvement of the nasal air-
way and of Eustachian tube func-
tion and mid-ear aeration have
been reported subsequent to
S.A.R.P.E.

2. Malrelation between upper
and lower jaws: dental and skele-
tal Class III

Most patients with cleft lip and
palate have relative hypoplasia of
the maxilla. This gives rise to a
straight facial profile or even a
“dished-in face” appearance. The
lower jaw and chin protrude. This
is most often combined with a
class-III maloclussion (Figures
11,12). A slight deviation of the
prominent lower jaw to the cleft
side may be apparent. The scar-
ring and the suboptimal muscular
function in the region of the previ-
ously cleft upper lip are compen-
sated for by hyperfunctionality
and hypertrophy of the antagonis-
tic lower lip in CLP patients. This
explains the protrusion of the

Figure 7
Occlusion in a CP patient, crowding in the upper arch and
bilateral posterior cross-bite due to a narrow maxilla.

Figure 8
Palatal view in same CP patient as shown in figure 7. The
omega-shaped upper dental arch is the basis for posterior
cross-bite.
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lower lip, which accentuates the
bony and skeletal class-III rela-
tionship in the lower mid-face of a
CLP patient.

The establishment of a normal
facial profile, with ideally a class-
I occlusion, requires a collabora-
tive effort between the orthodon-
tist and surgeon. Orthognathic
treatments are inherent to a cleft
centre. Overall, cleft teams report
frequencies of orthognatic surgery
in their cleft patient population of
between 4% and 25%.

At the University of Leuven
cleft lip and palate centre, about
16% of the unilateral CLP patients
and about 66% of the bilaterally
affected CLP patients undergo
corrective jaw surgery.
Repositioning can be achieved
using osteotomies in adolescence,
or by using distraction procedures
during puberty.2

Treatment: distraction

Distraction treatment in the maxil-
la is relatively seldom indicated,

and then mostly at a younger age
(Figures 13,14,15). The indication
for a DO of the upper jaw, with the
aim of repositioning the maxilla
anteriorly and downwardly, is
based upon the severity of the
mid-facial hypoplasia and of the
malocclusion. Aesthetic appraisal,
psychosocial consequences, artic-
ulatory and feeding disturbances,
as well as the patency of the nasal
airway, are the factors underlying
the decision for this type of inter-
ceptive surgery. The age at which

Figure 9
Intra-operative intra-oral view of bilateral symmetrical maxil-
lary subapical osteotomies in this CP patient.

Figure 10
Palatal transverse distractor device, with dental support (same
patient as in Figure 9).

Figure 11
Preoperative lateral skull X ray, showing concave facial skele-
tal and soft tissue profile – class-III occlusion.

Figure 12
Lateral X-ray after anteroposterior maxillary correction show-
ing convex facial profile and Class-I occlusion.



Secondary bone surgery 115

maxillary DO treatment of this
kind is initiated is not only dictat-
ed by the severity of the dysfunc-
tions, but also by the stage of
eruption of the permanent denti-
tion. Maxillary DO treatment is
commonly programmed in puber-
ty, after eruption of the upper
canines, and in a phase when
erupting second upper molars are
already in a low position. The rea-
son for this is merely technical.
The extra- or inter-oral position-
ing of the distractor depends upon
many factors: the age of the
patient, the quality of the bone
used for support, the expected dis-
comfort to the child with CLP in
view of his or her actual behaviour
and psychology, financing...

Especially when intra-oral DO
has been selected, preparation is
even more complex: selection of
the distractor and its availability,
analysis of the patient by high res-
olution 3D scanning, and subse-
quent simulation using software
algorithms, definition of the local-

isation of the corticotomy lines
and orientation of the distractor,
transfer of the treatment plan to
the operative field with minimal
surgical exposure. The preopera-
tive technique of placing two par-
allel distractors is also more
demanding than the mounting of
the traction supports for an exter-
nal headframe (“Polley”) distrac-
tion system (Figures 16,17,18).

Usually, DO treatment will last
several weeks, during which
minor adaptations are made to the
forces involved and the distractor

vector applied: the clinical envi-
ronment of interfering muscle
activity, minor trauma, and pin
tract infection cannot be fully
mimicked by the preoperative
software planners. We know
where we start the distraction, but
the achievement of the final posi-
tion has to be observed closely.
When warranted, one needs to
interfere (“callus moulding”). The
orthodontist plays a major role in
this phase of finalisation towards a
class-I occlusion or even towards
an overcorrected position.

Figure 13
BCLP patient undergoing maxillary dis-
traction treatment using external head
frame, “Polley mask”.

Figure 14
Profile X-ray image of ongoing maxillary distraction treat-
ment.

Figure 15
Profile views of pre- and post-distraction treatment for maxil-
lary hypoplasia in BCLP patient.
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Preoperative dentoalveolar
decompensation and the creation
of the possibility to coordinate the
upper en lower dental arches are
beneficial in the final stage of dis-
traction treatment.

After the final position of the
upper jaw has been achieved, one
needs to stabilise the position for a
period of time which is equal to at
least twice the active distraction
period. External devices are in this
respect more patient-friendly, and
the activator rods can be removed
and the device submerged in the
soft tissue envelope.

Pierre Robin sequence

A CP patient with a Pierre Robin
anomaly also needs specific con-
sideration in this respect.
Although the mid-facial growth is
impeded in width by the repair of
the secondary palate in these
patients also, this is not an issue
because of the extremely retropo-
sitioned lower jaw: an occlusal
class-II relationship masks the
transverse discrepancy between
the basal jawbones. A more med-
ically demanding feature of some
of these patients is an imminent

Figure 16
3D Computer simulation of maxillary distraction using an
internal transantral distraction device.

Figure 17
View of the anterior wall of the left maxilla during surgery:
transantral distractor and osteotomy line.

Figure 18
Lateral views of the maxillofacial skeleton before and after
distraction treatment using two parallel unidirectional
transantral distractors.
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sleep apnoea syndrome, or the
aesthetic impediment due to pro-
nounced lower jaw hypoplasia. In
such rare cases, a lengthening of
the mandible can be provided
using DO.

Treatment: surgical repositioning
– osteotomies

The skeletal disharmony in ado-
lescent and adult cleft patients is
usually treated by surgical reposi-
tioning of the upper jaw. These are
patients with no extreme forms of
mid-face hypoplasia in childhood,
but in whom stable occlusion can-
not be achieved by elective extrac-
tion or by compensatory ortho-
dontic treatment. 

Sometimes the maxillary
osteotomy is complemented by
mandibular set-back surgery com-
bined in the same operation: this is
called bimaxillary repositioning
surgery. A high Le Fort I, with a
down-fracture technique, is per-
formed, with the maxilla being
repositioned anteriorly and down-
wardly (Figures 19,20). The sta-
bilisation of the bone fragments is
performed using internal rigid

Figure 19
Drawing of the preoperative position of
the lower midfacial skeleton and soft tis-
sues: class-III malocclusion and reversal
of the normal relationship between upper
and lower lip.

Figure 20
Drawing of the postoperative position of
maxilla and mid-facial soft tissue profile:
class-I occlusion and normalisation of
facial and lip profiles.

Figure 21
Peroperative view of osteotomyline at the Le Fort I level, per-
formed to enable a maxillary “down-fracture” technique.
Vascular supply is preserved via the palatal soft tissues.

Figure 22
Lateral X-ray view of the maxillary position after advancement
down-graft surgery of the maxilla.
Stability of the maxilla is achieved by rigid miniplate fixation,
avoiding a maxillo-mandibular fixation period (compare with
preoperative X-ray view in Figure 11).
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miniplate fixation at the maxillary
vertical bone buttresses. In order
to achieve a new stable occlusion,
this maxillary repositioning is pre-
pared for with orthodontic treat-
ment. The purpose of this ortho-
dontic treatment is also to decom-
pensate the dental arches and
underlying alveolar processes.
Osteotomies of the mid-face

should only be performed after the
completion of mandibular growth.
This rule is intended to prevent
relapse after the jawbones have
been corrected due to ongoing
growth in the involved skeleton at
younger ages (Figures 21,22).

The stability of the repositioned
maxilla by distraction outper-
forms the treatment results

obtained by maxillary
osteotomies: relapse percentages
are lower. This is a finding of sev-
eral studies.3 When osteotomies or
distractions are performed, reloca-
tions to anterior and to inferior
also take place. The soft tissues of
the soft palate and of the oro-pha-
ryngeal area are stressed and
Velopharyngeal Insufficiency

Figure 23
Peroperative view of a Le Fort “three-piece” segmental
osteotomy of the maxilla in a bilateral cleft patient. There was
a preexisting form of extreme palatal scarring, malocclusion
and mid-facial hypoplasia. Blood supply is provided via the
buccal pedicles.

Figure 24
View of plaster of paris casts (pink) showing the preoperative
outline of the upper arch and, as illustrated by model surgery
(blue/white casts), the intended repositioning of the maxillary
segments with creation of surgical oronasal defects.

Figure 25
Preoperative lateral X-ray in a BCLP
patient displaying major discrepancies.

Figure 26
Immediate postoperative lateral X-ray displaying major repo-
sitioning of palate and dental arch in the same patient as shown
in figure 25, creating adequate height and convexity in the
mid-face.
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(“VPI”) may ensue. Evaluation by
an otorhinolaryngologist/head and
neck surgeon and speech therapist
is therefore warranted before this
type of surgery. Speech is assessed
and re-evaluated postoperatively.

When the palate is heavily
scarred by previous procedures
and when the maxillary and pre-
maxillary fragments are collapsed
to such an extent that dental arch-
es cannot be aligned by means of
orthodontics, an alternative
osteotomy may be possible: in a
three-piece maxillary osteotomy
the maxilla is less dependent on
palatal blood flow (Figures 23,
24). By design, in an alveolar seg-
mental procedure with buccal vas-
cular pedicles, traction upon the
position of the restored soft palate
is markedly less pronounced than
after regular Le Fort I maxillary
advancements. In this type of pro-
cedure the tuberosities and the
pterygoid plates are left unaffect-
ed, so as not to pull the soft palate
in the anterior direction.

Three-piece maxillary osteoto-
my in a CLP patient invariably
creates an extended mid-palatal

defect due to the widening of the
palate. In order to close the
oronasal communication, a recon-
structive flap (“tongue flap”)
might be used (Figures 25,26).

Six weeks after the osteotomy,
orthodontic treatment can recom-
mence. This time, the mechanics
will be compensatory and intend-
ed to achieve stable occlusion.
After finalisation of the postoper-
ative orthodontics, a long-lasting
(even life-long) contention is gen-
erally advisable in a cleft palate
patient. It is very rare that we
encounter the need for postopera-
tive speech therapy, and or for sec-
ondarily performed pharyngoplas-
ty.4-6
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