
ABSTRACT

Objective: To evaluate and compare the effect of memory palatal split screw 
(Memorax) to that of conventional Hyrax rapid palatal expanders on nasal and pha-
ryngeal airway volumes, which were measured and recorded by Cone beam computed 
tomography (CBCT). Materials and Methods: This study was conducted over 14 sub-
jects of adolescent patients with bilaterally constricted maxillary arches, the sample 
contained 12 females and 2 males, with age ranged from 12ys to 15ys, with a mean of 
13.6 ± 1.4. The sample was divided into two age matched groups, the Memorax group 
(N=7) subjects with a mean age of 13.5 ± 0.4, received the memory palatal split screw 
appliance (Memorax). The Hyrax group (N=7) subjects with a mean of 13.4 ± 1 were 
received the conventional Hyrax palatal expander. For all subjects taking part in the 
study, maxillofacial CBCTs and NOSE questionnaire records were taken before expan-
sion (T1) and after 3 months at the time of removal of the expanders (T2). Data were 
explored for normality using Kolmogorov-Smirnov test of normality. Paired t test was 
used to compare mean values of before and after treatment. Independent (unpaired) test 
was used to compare between the two groups. Results:  Memorax showed a significant 
increase in nasal airway volume as well as naso- , palato- and total pharyngeal airway 
volume. While Hyrax showed a non- significant decrease in the palatopharyngeal air-
way volume. Both groups showed a non- significant difference in the glossopharyngeal 
airway volume as well as in the NOSE questionnaire results. Conclusion: Memorax 
could be used in patients suffered from symptomatic nasal obstruction due to bilateral 
maxillary constriction, in order to improve their breathing as a primary purpose as well 
as treating malocclusion. It also may be advantageous because it shortens the maxillary 
expansion period, provides additional expansion in the retention period and generates 
light forces relative to the conventional Hyrax screw.
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INTRODUCTION

Maxillary constriction is associated with several 
problems that include cross bite (dental and/or skel-
etal), occlusal disharmony, esthetics and functional 
problems such as narrowing of the pharyngeal air-
way. It may also play a role in the etiology of ob-
structive sleep apnea (OSA), a condition character-
ized by the episodic cessation of breathing during 
sleep.

Rapid maxillary expansion (RME) is a well-
documented orthodontic treatment modality for 
correcting transverse maxillary deficiency. It was 
first introduced by Angell in the 19th century, (1) and 
it was suggested as a treatment for respiratory dis-
turbances and cited for its effects over the maxilla.  

Over the years, the method described by Angell was 
attempted with varying success, and it was finally 
reintroduced by Haas, who suggested that the ap-
plication of RME created considerable changes in 
the nasomaxillary complex. (2)

A new maxillary memory palatal split screw dis-
cussed recently, that includes nickel–titanium open 
coil springs in the screw bed in order to lessen mas-
sive expansion forces. This new screw could pro-
duce rapid, constant, and physiological expansion 
forces, thus making the expansion procedure more 
effective, more physiological, and well tolerated by 
patients.

Although studies about memory screw have in-
creased in the past years, till date no study has been 
carried out to compare the effects of RME caused by 
memory screw and Hyrax screw on the dento-facial 
structures and airway dimensions. The available 
Studies have used a lot of technologies to evaluate 
the effects of RME over nasal cavity surface area.  

However most of them have not taken into account 
the effects on nasal volume and pharyngeal airway 
volume as well.

MATERIALS AND METHODS

This study was conducted over 14 subjects of 
adolescent patients with bilaterally constricted 
maxillary arches, the sample contained 12 females 
and 2 males, with age ranged from 12ys to 15ys, 
with a mean of 13.6 ± 1.4. The sample was divided 
into two groups, the Memorax group (N=7) subjects 
with a mean age of 13.5 ± 0.4, received the memory 
palatal split screw appliance (Memorax). The Hyrax 
group (N=7) subjects with a mean of 13.4 ± 1 were 
received the conventional Hyrax palatal expander.

The activation of the Memorax, was 6 quarter 
turns per day; twice in the morning, twice in mid-
day, and twice at the evening, (0.2mm per quarter 
turn) (1.2 mm per day), with total number of quarter 
turns ranged from 36 to 48 turns, with mean of 42, 
which correspond to 8.4 mm expansion, the time 
elapsed till achieving over correction ranged from 
6 to 8 days. With a mean of 7 days.  While In Hyrax 
group, Expansion of Hyrax was at a rate of 2 quarter 
turns per day; once in the morning and once at eve-
ning (0.2 mm per turn) (0.4 mm per day), with total 
number of turns ranged from 38 to 46 turns, with 
mean of 44, which correspond to 8.8 mm expan-
sion, the time elapsed till achieving over correction 
was from 19 to 23 days. With a mean of 22 days.
(Fig 1)   

Fig. (1) Memorax during active Expansion period
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For all subjects taking part in the study, maxil-
lofacial CBCTs and NOSE questionnaire records 
were taken before expansion (T1) and after 3 
months at the time of removal of the expanders (T2).  
Nasal airway volume using Mimics software, was 
measured at T1 and T2, nasal space was calculated 
at the pre and post-operative scans. Software was 
adjusted at certain threshold for recording airspaces 
for all scans. At the coronal views, Space of Nasal 
cavity was then drawn using the assigned threshold 
starting from the external naris anteriorly, till the 
last coronal before sphenoid air sinus appeared. The 
drawn threshold was then automatically calculated 
as the nasal cavity space.   While pharyngeal airway 
volume, was segmented into 3 volumes to be mea-
sured separately, Nasopharynx (Vn),  Palatopharynx 
(Vp),  Glossopharynx (Vg), and their sum which is 
the Total pharynx (Vt). They were measured using 
Dolphin 3D program airway tool.

RESULTS

Results revealed that the nasal airway volume 
significantly increased after treatment in both the 
Memorax (p=0.00099) and Hyrax (p=0.0014) 
groups. Regarding the percent change, a greater per-
cent change was noted in the Memorax group which 
was statistically significant (p=0.0368). (Fig 2)

Fig. (2) 

In the Memorax group, pharyngeal airway vol-
ume  significantly increased after treatment in each 
compartment and in the total volume , While In 

the Hyrax group, the volume of the Nasopharynx, 
Glossopharynx and the total pharyngeal airway 
volume  significantly increased, however the 
Palatopharyngeal volume showed a non-significant 
decrease in volume after treatment (p= 0.1303). 
(Fig 3) 

Fig. (3) 

Patients fill a questionnaire at T1 and other one 
at T2, each questionnaire has a score range from 0 
to 100. The nearer to the 0 score are the best re-
sults, the nearer to 100 score are the worst results. 
Paired t test revealed that the questionnaire score 
significantly decreased after treatment in both the 
Memorax (p<0.0001) and Hyrax (p<0.0001) groups 
but Comparing the pre-treatment and post-treatment 
values of both expanders, unpaired t test revealed no 
significant difference, while Regarding the percent 
change, a greater percent non-significant decrease 
was noted in the Hyrax group (p=0.7898). (Fig 4)

Fig. (4) 
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DISCUSSION

The nasal airway volume significantly in-
creased after treatment in both the Memorax and 
Hyrax groups, which agrees with many studies dis-
cussed Maxillary expansion effects on nasal cavity, 
as it affected the palatal suture and demonstrated 
anterior and posterior skeletal widening of the nasal 
cavity, with corresponding soft tissue changes and 
increased airway volume. (3-6) 

Other in-vitro studies revealed the same results 
regarding nasal cavity widening specially the ante-
rior and inferior parts.(7-9) Also the nasopharynx has 
expanded significantly as a result of inferio-anterior 
displacement of palatal shelves.(10) The multiple 
backward regressions showed that the more the sub-
jects presented a reduced nasal volume in the mid-
dle and lower compartments, the more they would 
benefit from RME as it produces a functional im-
provement of the breathing pattern in patients with 
nasal obstruction or stenosis.(11) 

For Pharyngeal airway volume, previous stud-
ies divided the airway into various compartments 
evaluating volume before and after RME to better 
clarify the effects of treatment. Several authors have 
reported a significant enlargement of the nasal cav-
ity and nasopharynx, in agreement with the present 
results, but no significant increase in the other in-
vestigated airway compartments, such as the pala-
topharynx and glosso-pharynx, suggesting that ef-
fects on the upper airway were local as a result of 
soft tissue adaptation farther from the mid-palatal 
suture(11) , while according to the present results, not 
only the nasal and nasopharyngeal airways but also 
the glossopharyngeal airway compartment under-
went significant volume increases in the post treat-
ment records by both appliances, which agrees with 
the findings of Iwasaki et al in 2013 who reported 
that tongue posture changes as a secondary effect 
of RME, which increased the retropharyngeal space 
and improved breathing in children with nasal ob-
structions.(12)   

On the contrary. According to the results of our 
study, in the Memorax group, there was a good re-
sponse from the respiratory mucosal tissue, which 
seemed to follow the bony expansion as a respond 
to the forces applied from the appliances. However 
in the Hyrax group, the volume of the nasopharynx, 
glosso-pharynx and the total pharyngeal airway vol-
ume significantly increased after treatment. While, 
the palatopharyngeal volume showed a non-signifi-
cant decrease after treatment which agrees with the 
results of Smith who found that the oropharyngeal 
airway volume decreased a little which was not 
significant and the author attributed it to the low-
ering of the palatine vault. (13)  Also zeng in 2013 
agreed with this non-significant decrease in the oro-
pharynx, relating that to three reasons; Firstly, the 
breathing stage of the patients which was difficult to 
control. Secondly, there was a large variance among 
the sample. Last but not least, the average expan-
sion amount was about not large enough to expand 
the pharyngeal airway according to the procedures 
of his study. (14) 

A recent study by Almuzian et al 2016 which in-
vestigated the effect of hyrax on upper and lower 
retropalatal spaces, revealed that The upper retro-
palatal space has reduced significantly which might 
be due to inferio-anterior displacement of palatal 
shelves secondary to RME, with subsequent stretch 
of palate-pharyngeus muscle leading to anterior dis-
placement of the posterior pharyngeal wall, or due 
to trauma of the retropalatal tissue following mid-
palatine suture split.(10) 

Nevertheless, differences in compartmental 
segmentation were noticeable between the present 
method and the other-mentioned studies, especially 
those divided pharynx into upper and oropharyn-
geal airway, which might explain the different out-
comes. (15-18) 

On the other hand, Memorax showed signifi-
cantly increased volumes of nasal airway as well as 
nasopharynx, palatopharynx, and total volume com-
pared to that of hyrax as the screw produces rapid 
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and constant physiological expansion. Thus, these 
forces result in more effective maxillary expan-
sion in a shorter duration. Also it may be due to the 
further expansion produced by the nickel titanium 
coil spring during the retention period.  A study has 
stressed that maxillary expansion induced by low 
physiological forces followed by rapid separation of 
the mid-palatal suture stimulates adaptation of the 
processes of the nasomaxillary structures and re-
sults in less relapse potential in the retention period. 
(19) Isaacson and Ingram in1964 hypothesized that 
the total expansion might be physiologically stable 
in a shorter net treatment time with expansion pro-
cedures carried out at lower forces. (20)

There was no significant difference between 
Memorax and Hyrax groups in the Glossopharynx 
volume, which is the compartment that showed the 
highest errors percentage in our study, as it was 
the most affected by the difficulty to reposition the 
tongue (due to change in tongue posture), (12) the 
mandible (as a result of the open bite due to imma-
ture contact occur secondary to RME ) and the dif-
ficulty to hold breath during CBCT scanning, even 
though these evidences are still questionable, espe-
cially in long-term, follow-up studies.(11) 

Nose questionnaire results showed a significant 
difference between pre and post treatment of both 
groups, which seemed to be equal (p<0.0001) as 
the patients in both groups were able to differen-
tiate between their symptoms in the pre and post 
treatment periods. On the other hand, statistical 
analysis showed no significant difference between 
both groups, and this was mainly due to the sample 
size, as well as the patients young ages which might 
were confused by the questions. Also some studies 
showed that perception can vary considerably and 
correlation between objective and subjective find-
ings were often contradictory.(21-25) 

CONCLUSIONS 

1. Memorax appliance produced faster palatal ex-
pansion than Hyrax, and it was more tolerated 

by most of patients in spite of the higher rate of 
screw opening during expansion. 

2.  The Memorax group showed a more significant 
increase in nasal and pharyngeal airway vol-
umes after RME compared to that of the con-
ventional Hyrax group. 

3.  Hyrax group showed a nonsignificant decrease 
in the palatopharyngeal airway volume after 
RME. 

4. The Nose questionnaire was a useless tool to in-
dicate the difference between both appliances in 
the improvement of breathing function.

RECOMMENDATIONS

1. More studies on the dentoskeletal effects of the 
Memorax expander are needed.

2. Further investigations are needed to analyze the 
forces and stresses produced by the Memorax 
in both active expansion and retention periods. 

3. Arabic version of the NOSE questionnaire will 
be beneficial in further studies about airway im-
provement after different orthodontic, orthog-
nathic, and even otolaryngologic interventions

4. Combining morphological records with func-
tional respiratory analysis using a specific func-
tional measurement devices such as; Acoustic 
rhinometry, Rhinomanometry, and polysom-
nography, is therefore recommended in further 
investigations dealing with improvement of 
breathing function as a resultant of RME.
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