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INTRODUCTION 

One of the most prevalent birth defects affecting 
children around the world is the cleft lip and/or 
palate (CLP), where it is estimated to affect the 
quality of life of 7 million people worldwide., 

Surgical repairs of the lip and palate in the first 
few years of life during the development of the 
maxillary arch, might result in a narrow palatal 
vault. Compromised by scar tissues, along with 
absence of the mid-palatine suture, anterior and/
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ABSTRACT

Purpose: The aim of the current study was to evaluate the skeletal and dentoalveolar effects of 
rapid palatal expansion (RPE) in children with cleft lip and palate (CLP), ages 8 to 12 years  treated 
with 2 expanders. Methods: Twenty Egyptian children with complete bilateral CLP exhibiting 
maxillary transverse deficiency were divided randomly into 2 groups according to the appliance 
used for expansion: (A) fan expander group. (B) hyrax expander group. Cone-beam computed 
tomography (CBCT) images were taken before and immediately after expansion procedure. 
Results: There was non-significant vertical movement of the maxilla for the 2 groups. On the 
transverse plane, there was more anterior expansion and posterior restriction for the fan group. 
However, the hyrax group showed significant posterior as well as anterior expansion. Both groups 
showed significant tipping between both sides posteriorly and anteriorly. Mandibular expansion 
was non-significant. Conclusion: Fan expander showed better results for children with cleft palate 
requiring anterior expansion only. Hyrax expander is better used for cases seeking for posterior and 
anterior expansion. 
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or posterior maxillary constriction is usually the 
consequence., Subsequently, rapid palatal expansion 
(RPE) is a common orthopedic procedure to correct 
this transverse deficiency, usually carried out during 
the mixed dentition phase aiming to widen the arch 
before alveolar bone graft surgery to substitute 
missing bone in the cleft alveolus. The variability 
of the cleft defect, and its impact on the surrounding 
anatomy, the effects of RPE in children with CLP 
seem to be different than in children without this 
deformity. (6-12) 

Various expander designs are being used to cater 
to the anatomic variability present in the clefted 
maxilla (13); the infamous Hyrax, and the Fan-shaped 
expander are among the most common expanders 
we use in our center. Consequently, our aim was 
to study radiographically the three dimensional 
skeletal and dentoalveolar effects of these two 
expanders with the aid of the cone beam computed 
tomography (CBCT), known for its lower radiation 
emission than regular CT, in addition to its high 
resolution and accurate 3D representation of the 
imaged structure. (14) 

PARTICIPANTS AND METHODS

Initially, 26 Egyptian children with complete 
bilateral CLP, ranging in age from 8 to 12 years 
(mean= 10 years) selected from the outpatient 
clinic of the Orthodontic Department, the Cleft 
Care Center affiliated to the Oral and Maxillofacial 
Surgery Department, Faculty of Dentistry- Ain 
Shams University, and the outpatient clinic of Oral 
and Maxillofacial Surgery Department- Sayed 
Galal Hospital.  All the children had transverse 
anterior and or posterior maxillary deficiency, 

requiring palatal expansion prior to alveolar bone 
grafting surgery. Children with syndromic cleft lip 
and palate, bad oral hygiene, or who had undergone 
previous orthopedic expansion were excluded from 

the study. (15) Two children parents’ inability to 
fulfill the required visits due to the long travelling 
distance, resulted in their children’s removal from 
the study. One child had difficulty complying to 
the expansion protocol, therefore also dropping 
out resulting in a total of 23 participants. Children 
with no crossbite at the first permanent molars were 
assigned to group A, the Fan-shaped* expander 
group (6 girls, 5 boys), while those with posterior 
crossbite were added to the Hyrax* group B,  
(5 girls, 7 boys).  Both appliances were tooth borne, 
banded on the first permanent molars with st.st. 
extension arms extended anteriorly to the most 
anterior tooth in transverse crossbite, which in most 
cases was the deciduous canine. Fig 1, 2.  This was 
to standardize the appliance design and facilitate 
seating, which could have been challenging due to 
the malignment and missing teeth observed in most 
dental arches with the children in the study. Both 
appliances were fabricated in the same laboratory 
by the same technician. 

Parents were instructed to turn the screw twice 
daily yielding 0.5 mm expansion per day. All the 
children were scanned at two different time points: 
T1, before the delivery of the expander and T2, 

Fig. (1) Occlusal view of the banded fan-shaped expander, with 
extension arms reaching to the most anterior tooth in 
crossbite.

*   Leone s.p.a. Ortodonzia e implantologia, Italy.
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immediately after removal of the expander (this 
image was also used as the pre- alveolar cleft graft 
surgery). For image acquisition, participants were 
standing with their chin on chin support, wearing 
a vacuum retainer on their lower teeth to ensure 
separation of the occlusion, with the Frankfort 
horizontal plane parallel to the floor. They were 
asked to hold their breath after the end of expiration, 
without swallowing. This position is stable and has 
high reproducibility for measurement. The CBCT 
scans were performed at 90 kV, 14 mA, scan time 
of 20 seconds, with a single 360 rotation and 400 
µm voxel size. All tomographic scans were done 
using the Planmeca ProMax* scanner and data for 
each subject was reconstructed by the Planmeca 
Romexis** imaging software and stored in (DICOM) 
format.

Measurements were analyzed at T1 and T2 for 
transverse changes in the anterior and posterior 
regions of the maxilla. Posterior maxillary 
measurements were taken at the level of permanent 
1st molar while the anterior measurements were 
taken at the level of the most anterior teeth 

supporting the appliance. CBCT images that were 
stored in DICOM format files were processed into 
volumetric images by using InVivo 5 version 5.2 
software***. A craniofacial customized analysis was 
created for this study. Transverse skeletal change 
was assessed linearly by measuring the interjugale 
distance IJ, Figure (3). Alveolar expansion was 
evaluated by calculating the buccal maxillary width 
BMW. Fig. (4). (20) Amount of dental tipping was 
measured through the dental tipping angle DTA(19) 
Fig. (5), in addition to the linear measurement – 
inter crown distance ICD which was measured 
posteriorly at the central fossa of the right upper first 
permanent molar to the left first permanent molar, 
and anteriorly at the mid-point between mesial and 
distal fossa of the deciduous canine or center of 
the central fossa of  first deciduous molar or first 
premolar bilaterally. (12) The Inter furcation distance 
IFD was assigned at the first molar posteriorly and 
inter-cementoenamel junction ICEJ measured at 
the most anterior tooth supporting the appliance. 
Fig (6). Mandibular dental decompensation was 
evaluated through mandibular inter- crown distance 
Mnd IC posteriorly and anteriorly. Fig (7). 

Fig. (1) Occlusal view of the banded fan-shaped expander, with 
extension arms reaching to the most anterior tooth in 
crossbite.

Fig. (3) The distance from the most superior point of the 
concavity of the maxillary bone as it joins the zygomatic 
process on the right to the same point on the patient’s 
left (Jugale right-JR to Jugle left-JL).

* PLANMECA, ProMax, 3D Classic, Helsinki, Finland.
** Planmeca Romexis viewer (version 4.4.2.R).
*** Anatomage, Sanjose, CA, USA.
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Fig. (4) BMW was measured at two points; the most lateral point on the buccal alveolar plate opposing to the trifurcation of the first 
permanent molar bilaterally to assess the posterior width, and from the most lateral point on the labial alveolar plate at the 
level of the CEJ of the most anterior tooth included in the appliance (deciduous canine, first primary molar or first premolar) 
on both sides to determine the change in anterior width.

Fig. (5) DT angle measuring dental tipping measured by intersecting Orbital line (line connecting right and left Orbitale) and the 
permanent first molar long axis (line connecting first molar mesio-palatal cusp and palatal root apex).

Fig. (6) IFD is the distance between the point of the right and 
left first molar root trunk before it divides into 3, and 
ICEJ is the measurement between the cemento-enamel 
junction on both deciduous canines.
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RESULTS

Statistical analysis was performed by IBM* 

SPSS** (version 17).  The significance level was 
considered at P < 0.05 by paired t test. Kolmogorov-
Smirnova and Shapiro-Wilk tests of normality were 
used to test normality hypothesis of all quantitative 
variables for further choice of appropriate 
parametric and non-parametric tests. Paired sample 
t test was used for testing change within the same 
group. While independent sample t test was used 
for comparing the mean changes between the two 
groups. Dahelberg Error and the Concordance 
Correlation Coefficient tests were used for the 
assessment of the reliability of measurements. 

A significant skeletal correction of the maxillary 
constriction was observed for both groups. However, 
in the Hyrax group, the amount of increase for the 
basal bone (inter-jugale distance- IJ) was higher 
than that in the Fan group. For the change in buccal 

maxillary width (BMW), it was significant for the 
posterior teeth to be expanded at the alveolar level 
for the Hyrax group unlike the Fan group, where the 
increase was non-significant. Anteriorly, there was 
no statistically difference between the 2 groups, but 
both groups showed considerable increase. Table 1.

Regarding the dental linear measurements, the 
results of inter-crown distance (ICD) showed that 
a statistically significant greater expansion in the 
anterior region for the fan group rather than the 
group Hyrax. On the other hand, there was almost 
no increase in the posterior region for the Fan group 
unlike the Hyrax group that showed significant 
expansion posteriorly.

There was no significant difference in mandibular 
inter- crown expansion (Mnd IC) between the 2 
expanders. There were no statistically significant 
differences in the posterior or anterior regions of the 
lower dentition.

  IBM Corporation, NY, USA.
  SPSS, Inc, IBM Company.

Fig. (7) Mnd IC intermolar width measured at the midpoint of the central fossa of the mandibular first permanent molar, inter-
premolar width measured at the midpoint of the central fossa of the lower first premolar. 
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Inter-furcation distance (IFD) posteriorly was 
found to be significant statistically as there was more 
expansion for the Hyrax group, while for the inter-
comentoenamel junction (ICEJ), the expansion was 
found to be non-significant for the 2 groups.

Regarding the dental tipping (DTA), buccal 
inclination of the supporting teeth was found to be 
statistically significant for both groups especially in 
the anterior region.

DISCUSSION

Ever since the introduction of the RPE, orthodontic 
literature has well documented the skeletal and 
dentoalveolar effects of the various methodologies 
of RPE in growing children without oral clefts.(6-

10,26,27) In contrast, there has been scarcity in clinical 
studies assessing the orthodontic and orthopedic 
effects of expansion procedures in children with 
complete CLP especially by means of CBCT. The 
casual practice of using CBCT in research has 

TABLE (1) Comparison between change in measurements between both groups; group A (Fan expander) 
and group B (Hyrax expander)

Mean SD
Mean 

Difference
Std. Error 
Difference

t Probablilty

IJ 
Fan 1.54 0.62

-1.89 1.34 -1.41 0.18536 P>0.05
Hyrax 3.43 3.50

Post. BMW
Fan 0.86 1.76

-3.32 0.88 -3.76 0.00271 P<0.01*
Hyrax 4.18 1.53

Ant. BMW
Fan 3.87 1.48

1.00 0.72 1.38 0.19128 P>0.05
Hyrax 2.86 1.21

Post. ICD
Fan 0.33 1.78

-5.78 1.14 -5.08 0.00027 P<0.001*
Hyrax 6.11 2.43

Ant. ICD
Fan 7.97 2.72

3.79 1.27 2.99 0.01128 P<0.05*
Hyrax 4.18 1.96

DTA

Rt. Post.
Fan -0.82 6.66

-10.18 2.90 -3.51 0.00430 P<0.01*
Hyrax 9.36 3.82

Lt. Post.
Fan 2.50 12.92

-3.02 4.75 -1.39 0.00671 P<0.01*
Hyrax 5.52 8.03

Rt. Ant.
Fan 19.99 10.47

13.33 4.35 3.07 0.00976 P<0.01*
Hyrax 6.66 4.76

Lt. Ant.
Fan 15.76 5.36

10.67 3.64 2.93 0.01257 P<0.05*
Hyrax 5.09 8.00

Post. IFD
Fan 0.13 0.88

-3.71 1.10 -3.38 0.00549 P<0.01*
Hyrax 3.84 2.77

Ant. CEJ
Fan 4.99 1.79

1.31 0.96 1.36 0.19945 P>0.05
Hyrax 3.68 1.81

Mand. Post. ICD
Fan 0.09 0.56

-0.33 0.28 -1.18 0.26106 P>0.05
Hyrax 0.42 0.48

Mand. Post. ICD
Fan -0.15 0.72

-0.10 0.37 -0.28 0.78450 P>0.05
Hyrax -0.05 0.65

*Significant.  Significance level set at P < 0.05   
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raised concerns regarding exposing participants to 
unnecessary doses of ionizing radiation. However, 
both American and European guidelines for CBCT 
rationalize its usage in orthodontic research with 
clinical benefit to individuals with CLP as one of 
the indications. (21,26,27)

Skeletal correction of the transverse maxillary 
constriction was achieved by both appliances. 
However, amount of posterior expansion at the level 
of the basal bone and the alveolar bone were more 
in the maxillae expanded by the Hyrax. Anterior 
alveolar bone width increased significantly in both 
groups, even though the amount of expansion in 
the Fan group was higher, there was no statistical 
difference in the amount achieved between the two 
groups. This alveolar expansion might be the result 
of alveolar bending, since the absence of the mid 
palatal suture contradicts the possibility of true 
expansion. The unique shape of the Fan expander 
may be the attribute to the significant alveolar bone 
expansion.

This design incorporates a posterior hinge that, as 
mentioned, allows significant expansion anteriorly, 
but this same design resulted in a restraining effect 
on the posterior dental dimension. Consequently, 
amount of dental tipping posteriorly was higher 
for the hyrax group, and amount of dental tipping 
in the anterior region was higher for the fan group. 
In this study, both expanders caused some buccal 
or labial dental tipping, however, there were major 
differences in the amount of tipping generated by 
each expander.

The two expanders established greater anterior 
tipping than posterior. This could be explained 
by the increased rigidity of the fan and hyrax 
expanders obtained by the solder joint to the first 
permanent molar bands and therefore, as the screw 
was activated, the bands provided resistance to 
inclination leading to less tipping posteriorly and 
more tipping anteriorly as the anterior teeth were 
only connected by the extended palatal arms.

The degree of tooth translation was assessed by 
measuring the inter-furcation posteriorly (post. IF) 
and inter cementoenamel junction anteriorly (ant. 
CEJ). They were considered points of resistance 
giving a suggestion whether the teeth moved bodily 
or by tipping. Accordingly, the amount of expansion 
increase was much lower than that measured by 
the ICD. The Hyrax group showed almost even 
bodily movement both posteriorly and anteriorly, 
while the Fan group showed bodily expansion 
anteriorly only. There was no difference between 
both expanders in the amount of anterior expansion. 
These measurements were considered due to the 
incomplete root formation of the newly erupted 
permanent 1st molar in many of the children treated 
in this study and the start of root resorption that was 
observed in the deciduous anterior teeth caused us 
to believe that to include the posterior and anterior 
teeth apices would be unreliable. 

At the start of the study, there was a preceding 
expectation that there would be an increase in the 
mandibular inter-cuspal distance due to dental de-
compensation following maxillary arch expansion. 
However, this expectation was not confirmed and 
might be attributed to the lack of sufficient intercus-
pation between upper and lower teeth in most of the 
children participating.

These obtained results might affect the decision 
of which maxillary expander should be used in 
cleft children. When both posterior and anterior 
expansion is required, the hyrax might be the 
expander of choice, however close monitoring of the 
expansion is recommended as posterior expansion 
might be achieved before anterior expansion is 
complete. If anterior expansion only is required, the 
fan expander might be the best option. 

The use of CBCT for evaluation of these 2 
expanders in children with clefts might have great 
value, enhancing the knowledge and the possibilities 
concerning their treatment. Long term evaluation is 
necessary since we assessed the short term effects 
of RPE.
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CONCLUSION

The following could be concluded from this 
study:

1. 	 Both fan and hyrax expanders were effective in 
transverse skeletal expansion of the maxillary 
base.

2. 	 The hyrax expander exhibited significant buccal 
tooth movement (translation) and dental tipping 
between crowns of anterior and posterior teeth. 
Whereas the Fan expander showed anterior 
dental translation and tipping.

3. There was no significant dental transverse 
increase in the lower arch.

4. The use of CBCT for evaluation of these 2 
expanders in children with clefts might have 
great value, enhancing the knowledge and the 
possibilities concerning their treatment.
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