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Abstract. The aim of this study was to evaluate satisfaction with treatment among
cleft lip and palate patients who underwent maxillary advancement using a rigid
external distraction (RED) device. Nine patients (four boys, five girls), mean age
17.7 years (SD 4.0), were included in the study. Outcome measures included
satisfaction with facial appearance and function (sensitivity/pain, discomfort during
daily functioning, daily activities, speech, eating and/or drinking, expression of
affection) before, during and after treatment with the RED device assessed by a self-
administered questionnaire. Before treatment, the majority of patients were not
satisfied with their facial appearance. Some received negative remarks about their
appearance and experienced minor functional problems. Dissatisfaction with
appearance, negative remarks and functional problems increased significantly
during active treatment, and the majority of patients experienced pain or sensitivity.
After treatment all patients but one were satisfied with their appearance and level of
function. Overall patient satisfaction after treatment with a RED device is high, but
the active treatment period, during which the frame is worn, significantly
compromises function and may be painful. For most patients, satisfaction with the
final result and appearance outweighs the negative factors they reported.
Key words: cleft lip and palate; maxillary
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Maxillary hypoplasia is a common devel-
opmental problem in cleft lip and palate
patients. Known causes include congenital
reduction in midfacial growth2 and surgi-
cal interventions aimed at cleft closure8,18.
Traditionally, maxillary hypoplasia is
treated by means of a Le Fort 1 osteotomy.
Long-term results of this treatment in cleft
lip and palate patients show an increased
tendency to relapse after maxillary
advancement, especially in cases with
severe maxillary deficiency and extensive
scarring of the palatal and pharyngeal
tissues1,11,3,17,6.

In 1997, distraction osteogenesis was
first described as an alternative treatment
option15. Ever since, numerous advan-
tages of this approach over the conven-
tional Le Fort 1 osteotomy have been
reported4,13,14,16. The most important is
that skeletal maturity no longer seems a
prerequisite for surgery. This means that
facial aesthetics and function can be
improved in young adolescents, thereby
helping to prevent negative psychosocial
development7,22. The distraction method
described by POLLEY & FIGUEROA

15 utilizes
a rigid external distraction (RED) device
fixed to the skull in combination with an
intraoral splint. Beside the advantages this
device is likely to have drawbacks. Wear-
ing an extraoral frame for several months
may interfere with the patient’s social life
s. Published by Elsevier Ltd. All rights reserved.
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Fig. 1. Patient wearing a RED device.
and daily activities (Fig. 1). The aim of the
present study was to evaluate the impact of
treatment with the RED device particu-
larly from the patient’s perspective.
Materials and methods

Patients

Patients with complete unilateral or bilat-
eral cleft lip and palate treated at the
University Medical Center Groningen,
The Netherlands, were eligible to partici-
pate in the present study. They all
received surgical treatment for maxillary
hypoplasia by means of distraction osteo-
genesis with a RED device (KLS Martin,
Tuttlingen, Germany).
Distraction procedure

All patients underwent pre-surgical
orthodontic treatment with fixed appli-
ances. A palatal arch (1.1 mm) attached
to the upper molar bands was inserted in
direct contact with the palatal surface of
the teeth. The headgear was modified to
fit in direct contact with the outer surface
of the brackets. The outer arms of the
headgear were bent forward in the hor-
izontal plane for about 10 mm before
being bent upward to permit swelling
of the soft tissues following surgery. A
Le Fort 1 osteotomy, including complete
pterygomaxillary and septal disjunction,
was performed under general anaesthe-
sia. After reaching adequate mobiliza-
tion of the maxilla by down-fracture, the
RED device was fixed to the skull with
four pins. During surgery the inner bow
of the modified headgear was fixed to the
dentition and the palatal arch with wire
ligatures of 0.4 mm. The outer arms
were fixed to the vertical bar of the
RED device with two stainless-steel
wires of 0.5 mm. After a latency period
of 6–7 days active distraction was
started. Distraction was performed at a
rate/rhythm of two times 0.5 mm/day.
The distraction period ended when suffi-
cient horizontal and vertical movement
was reached. After active distraction
there was a consolidation period during
which the RED frame remained in place
without being activated. The external
distraction device was then removed
after injecting local anaesthetic around
the skull pin sites.
Questionnaire

A preliminary in-depth interview with
three cleft patients treated with a RED
device was performed to gain insight into
patients’ experiences related to treatment
with the RED device. Using the interview
as guidance, a questionnaire was devel-
oped in which patients were requested to
rate their satisfaction with facial appear-
ance and function (sensitivity/pain, dis-
comfort during daily functioning, daily
activities, speech, eating and/or drinking,
expression of affection) before, during
and after treatment with the RED device
on a four-point scale. Additionally,
patients were asked to answer several
specific questions related to the presence
of the RED device, pain and/or sensitivity
caused by the RED device, impediment of
personal hygiene, satisfaction with treat-
ment and treatment length. The potential
study population consisted of nine con-
secutively treated cleft palate patients
who underwent maxillary advancement
by RED distraction. A questionnaire
was sent to all patients, 6–28 months
postoperatively.
Results

Patients

All nine patients, four boys and five
girls, mean age 17.7 years (SD 4.0),
filled out the questionnaire. Four had
unilateral and five had bilateral cleft
lip and palate. The questionnaire was
sent to all patients, a mean of 18.7
months (SD 8.4) after the surgical pro-
cedure. All patients filled out the ques-
tionnaire, six within 2 weeks and three
after being reminded.
Distraction

The active distraction period lasted 20
days on average (SD 7.7 days) in which
a mean forward movement of 10.8 mm
(SD 2.9) was achieved. An average con-
solidation period of 45.1 days (SD 9.5)
was sustained during which the RED
frame remained in place to support
osteogenesis. Due to complications, in
three cases the distractor had to be
removed prior to the end of the conso-
lidation period. It was replaced by a
Delaire facemask to make up the rest
of the consolidation time, which was 6–8
weeks, and allow further osteogenesis.
The mean total treatment time with the
distractor in place was 72 days (SD
11.4). During this period the patients
attended the clinic 10.4 times on average
(SD 3.8).
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Satisfaction with facial appearance

Before treatment, the majority of patients
(six) were dissatisfied with their facial
appearance. Three patients reported fre-
quent remarks about their appearance,
mostly negative in nature.

During treatment, the number of
patients dissatisfied about their facial
appearance increased to seven. The num-
ber of patients who received remarks
about facial appearance increased from
three to eight. These remarks were nega-
tive in nature (being pointed at, stared at
and teased, shock reactions) and mostly
expressed by strangers.

After treatment, most patients (seven)
were satisfied with their facial appearance,
and all patients but one (eight) reported
receiving positive remarks about their
facial appearance (having an improved
facial appearance, being more handsome).
Positive remarks were mostly made by
friends and family.
Functional problems

Before treatment, one patient experienced
functional problems with respect to daily
activities caused by deafness, one patient
had problems during eating and drinking
due to fistulae, another one experienced
problems speaking due to stuttering, and
one patient was limited in affective
expression. During active treatment, seven
out of nine patients experienced problems
in daily activities, namely sports, getting
dressed, sleeping and social activities.
Also, seven patients indicated experien-
cing speech problems due to the presence
of the RED frame. Seven patients reported
difficulties with chewing and indicated
mainly having to take a liquid-to-soft diet.
Finally, seven patients reported having
been limited in their affective expression
during the treatment period.

After RED frame removal, the patients
did not encounter any problems during
daily functioning, activities, and eating
and drinking. One patient reported
encountering problems caused by unclear
speech related to velopharyngeal incom-
petence.
Specific problems related to the

presence of the RED device

All patients but one reported to experi-
ence pain or sensitivity during active dis-
traction and consolidation at the insertion
site of the skull pins. Five of the patients
experienced pain as a consequence of
removal of the RED device. More than
half of the patients (five) indicated that the
RED device significantly impeded their
personal hygiene (tooth brushing and hair
washing). Two patients scored the RED
treatment as worse than they had
expected. The same patients were dissa-
tisfied with the length of the period during
which the RED frame was worn. Eight out
of nine patients were satisfied with the
final treatment outcome, and five out of
nine stated that they would undergo the
treatment again with their acquired
knowledge.
Discussion

Maxillary distraction in cleft lip and palate
patients is a relatively new technique to
advance the maxilla. It is mostly per-
formed with an externally placed distrac-
tor using a frame attached to the cranium
for stabilization (halo frame). The most
popular distractor for this purpose is the
RED frame15,5. Several studies have been
performed to evaluate the technical out-
come and morbidity of treatment with a
RED device7,22,9,10,19,23, but there appear
to have been none published that evaluate
the patient’s personal experiences of this
treatment.

In the present study, all nine patients
with cleft lip and palate that were treated
with a RED frame responded to the
request to fill out a questionnaire. Eight
out of nine were satisfied with the final
treatment outcome after the distraction
procedure, but the period during which
the RED frame was worn significantly
compromised their daily activities,
speech, eating and drinking, personal
hygiene and expression of affection. Most
patients received negative attention
related to the presence of the distractor
frame. Additionally, most patients
reported pain and sensitivity mainly at
the insertion site of the skull pins. Despite
this, five of the nine patients stated that
they would undergo the same treatment
again. For most of the patients, their satis-
faction with the final result and appear-
ance outweighed the negative factors
reported.

Distraction osteogenesis by means of a
RED frame introduces a new range of
problems into cranio-facial surgery.
Besides the RED device being conspicu-
ous and adversely affecting social life and
daily activities, as shown in this study,
complications caused by the distractor
itself may occur. Device failure has been
observed5, but most complications are
seen in relation to the external frame fixed
to the skull. Minor complications such as
skin irritation, sensitivity and pain sur-
rounding the skull pins have been
reported5 and are supported by the present
findings, but also more severe complica-
tions such as meningitis resulting from
intracranial pin migration may occur21.
Additionally, dental compensation may
be introduced when the traction force is
delivered through a tooth-borne intraoral
splint consequently reducing the amount
of skeletal correction20.

Up until now, no evidence is available
as to whether the maxilla will continue to
grow after distraction osteogenesis5. No
postoperative growth was observed after
maxillary distraction in a sample of eight
patients23 (two patients with Apert syn-
drome and six cleft patients) with a mean
age of 13.7 years (range 8.1–18.7) using
both intraoral and extraoral distractors.

Although it is assumed that, because of
the gradual movement of the maxilla and
simultaneous histiogenesis, relapse rates
after maxillary distraction osteogenesis
are lower than after conventional Le Fort
1 osteotomy, there are no long-term data to
substantiate this23,20. Therefore, it seems
rational to warn patients undergoing dis-
traction before skeletal maturity is reached
that there is a risk that they may develop a
recurrent class III occlusion and have to
undergo further distraction osteogenesis
or conventional osteotomies once skeletal
maturity has been achieved. With the
improvement of facial appearance during
young adolescence and the correction of
the cleft stigmata, the psychosocial impact
of early advancement with distraction
osteogenesis may still outweigh this risk.
The greater the antero-posterior discre-
pancy, the greater this advantage may be.

Given its potential impact on a patient,
RED distraction may not always be the
treatment of choice. In selected cases
maxillary advancement may be achieved
using internal distractors5. The use of
internally placed distractors is now lim-
ited, especially with respect to vector
control (open bite closure, midline cor-
rection), since they are unidirectional4.
Intraoral devices can be applied in cases
where distances up to 10–15 mm are
sufficient for correction of the growth
deficit12.

When the amount of maxillary advance-
ment needed is limited, and the surgical
conditions are adequate, in adults a Le Fort
1 osteotomy still remains the first choice
treatment. In growing patients it is not
common to perform a Le Fort 1 osteotomy
but, compared to distraction osteogenesis
using a RED frame, it would have the
advantage that patients are not afterwards
compelled to experience a long period of
social compromise and increased vulner-
ability.



Patient satisfaction related to rigid external distraction osteogenesis 899
This study comprised only nine
patients, but provides insight into the pro-
blems patients encounter during maxillary
distraction with an external device. A
proper randomized trial that compares
the results of conventional Le Fort 1
osteotomy and distraction osteogenesis
(with both externally and internally placed
distractors) in cleft lip and palate patients
would be worthwhile. Apart from the sur-
gical aspects, long-term stability and
relapse, complications and impact on
speech and facial aesthetics, patient satis-
faction with treatment, and impact of
treatment on social functioning need to
be further evaluated.

Prospective administration of the ques-
tionnaire (prior to treatment, during treat-
ment and after a standard post-treatment
period) would have given more reliable
information and would probably have
strengthened the outcomes of the present
study. Since the longer the lapse between
the end of treatment and administration of
the questionnaire the less accurately the
patients recall details of the experience,
negative associations might be stronger
than presented in this study.
References

1. Ayliffe PR, Banks P, Martin IC. Sta-
bility of the Le Fort I osteotomy in
patients with cleft lip and palate. Int J
Oral Maxillofac Surg 1995: 24: 201–207.

2. Bishara SE, Krause CJ, Olin WH,
Weston D, Ness JV, Felling C. Facial
and dental relationships of individuals
with unoperated clefts of the lip and/or
palate. Cleft Palate J 1976: 13: 238–252.

3. Cheung LK, Samman N, Hui E, Tide-

man H. The 3-dimensional stability of
maxillary osteotomies in cleft palate
patients with residual alveolar clefts. Br
J Oral Maxillofac Surg 1994: 32: 6–12.

4. Cheung LK. The application of distrac-
tion osteogenesis to the maxillofacial ske-
leton. Ann R Australas Coll Dent Surg
2000: 15: 159–162.

5. Cheung LK, Chua HD. A meta-analysis
of cleft maxillary osteotomy and distrac-
tion osteogenesis. Int J Oral Maxillofac
Surg 2006: 35: 14–24.
6. Erbe M, Stoelinga PJ, Leenen RJ.
Long-term results of segmental reposi-
tioning of the maxilla in cleft palate
patients without previously grafted
alveolo-palatal clefts. J Craniomaxillofac
Surg 1996: 24: 109–117.

7. Figueroa AA, Polley JW, Ko EW.
Maxillary distraction for the management
of cleft maxillary hypoplasia with a rigid
external distraction system. Semin
Orthod 1999: 5: 46–51.

8. Gaggl A, Schultes G, Feichtinger M,
Santler G, Mossbock R, Karcher H.
Differences in cephalometric and occlu-
sal outcome of cleft palate patients
regarding different surgical techniques.
J Craniomaxillofac Surg 2003: 31: 20–26.

9. Guyette TW, Polley JW, Figueroa

AA, Botts J, Smith BE. Changes in
speech following unilateral mandibular
distraction osteogenesis in patients with
hemifacial microsomia. Cleft Palate Cra-
niofac J 2001: 38: 179–184.

10. Harada K, Baba Y, Ohyama K, Eno-

moto S. Maxillary distraction osteogen-
esis for cleft lip and palate children using
an external, adjustable, rigid distraction
device: a report of 2 cases. J Oral Max-
illofac Surg 2001: 59: 1492–1496.

11. Hochban W, Ganss C, Austermann

KH. Long-term results after maxillary
advancement in patients with clefts. Cleft
Palate Craniofac J 1993: 30: 237–243.

12. Klein C. Potentials and limitations of
distraction osteogenesis in the craniofa-
cial skeleton. 2nd International Congress
on Cranial and Facial Bone Distraction
Processes. Bologna, Monduzzi Editore,
1999.

13. Mofid MM, Manson PN, Robertson

BC, Tufaro AP, Elias JJ, Van der

Kolk CA. Craniofacial distraction osteo-
genesis: a review of 3278 cases. Plast
Reconstr Surg 2003: 108: 1103–1114.

14. Molina F, Monasterio FO, De la Paz

Aguilar M, Barrera J. Maxillary dis-
traction: aesthetic and functional benefits
in cleft lip-palate and prognathic patients
during mixed dentition. Plast Reconstr
Surg 1998: 101: 951–963.

15. Polley JW, Figueroa AA. Management
of severe maxillary deficiency in child-
hood and adolescence through distraction
osteogenesis with an external, adjustable,
rigid distraction device. J Craniofac Surg
1997: 8: 181–185.
16. Polley JW, Figueroa AA. Rigid exter-
nal distraction: its application in cleft
maxillary deformities. Plast Reconstr
Surg 1998: 102: 1360–1372.

17. Posnick JC, Dagys AP. Skeletal stabi-
lity and relapse patterns after Le Fort I
maxillary osteotomy fixed with mini-
plates: the unilateral cleft lip and palate
deformity. Plast Reconstr Surg 1994: 94:
924–932.

18. Rosenstein SW, Grasseschi M, Dado

DV. A long-term retrospective outcome
assessment of facial growth, secondary
surgical need, and maxillary lateral inci-
sor status in a surgical-orthodontic pro-
tocol for complete clefts. Plast Reconstr
Surg 2003: 111: 1–13.

19. Swennen G, Colle F, De-May A, Mal-

evez C. Maxillary distraction in cleft lip
palate patients: a review of six cases. J
Craniofac Surg 1999: 10: 117–122.

20. Swennen G, Dujardin T, Goris A, De-

May A, Malevez C. Maxillary distrac-
tion osteogenesis: a method with skeletal
anchorage. J Craniofac Surg 2000: 11:
120–127.

21. Van der Meulen J, Wovius E, Van

der Wal K, Prahl B, Vaandrager M.
Prevention of halo pin complications in
post cranioplasty patients. J Craniomax-
illofac Surg 2003: 33: 145–149.

22. Wen-Ching-Ko E, Figueroa AA, Pol-

ley JW. Soft tissue profile changes after
maxillary advancement with distraction
osteogenesis by use of a rigid external
distraction device: a 1-year follow-up. J
Oral Maxillofac Surg 2000: 58: 959–
969.

23. Wiltfang J, Hirschfelder U, Neukam

FW, Kessler P. Long-term results of
distraction osteogenesis of the maxilla
and midface. Br J Oral Maxillofac Surg
2002: 40: 473–479.

Address:
Bass van Eggermont
Department of Oral and Maxillofacial

Surgery
University Medical Centre Groningen
P.O. Box 30.001
Hanzeplein 1
9700 RB Groningen
The Netherlands
Tel: +31 503612567
Fax: +31 503611136
E-mail: b.van.eggermont@kchir.umcg.nl

mailto:b.van.eggermont@kchir.umcg.nl

	Patient satisfaction related to rigid external distraction osteogenesis
	Materials and methods
	Patients
	Distraction procedure
	Questionnaire

	Results
	Patients
	Distraction
	Satisfaction with facial appearance
	Functional problems
	Specific problems related to the presence of the RED device

	Discussion
	References


