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Abstract 

Rapid maxillary expansion is a commonly used treatment modality for the correction of maxillary 

transverse deficiency in cleft and non-cleft patients. Additional beneficial effects of rapid maxillry 

expansion includes improvement in nasal stenosis, abnormal breathing pattern and conductive hearing 

loss. The improvements in the hearing have been linked to the improved function of the two soft palatal 

muscles, the tensor veli palatini and the levator veli palatini muscles.  

This study aims to explore the different studies which have evaluated the effects of rapid maxillary 

expansion on hearing in cleft and non cleft patients. 
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Introduction 

Rapid maxillary expansion (RME) is a therapeutic procedure that results in increase in the transverse 

dimensions of the maxillary arch. RME causes the posterior teeth and alveolar processes to move 

buccally1. According to a systematic review by Liu et al., in 2015 the mid palatal suture opens 

approximately 12–52.5 percent of the total screw expansion, but the study could not confirm whether the 

mid palatal sutural opening was parallel or triangular2.  

According to the Global Burden of Disease study the years lived with disability and hearing loss was 

found to be the fourth leading cause globally3. Hearing loss is classified into: sensorineural hearing loss 

and conductive hearing loss (CHL). Sensorineural hearing loss is characterized by lesions in the cochlea 

or involves the eight cranial nerve4. CHL on the other hand is an auditory disorder with elevated air-bone 

conduction thresholds. 

CHL can be classified according to the severity and types of the physical changes imposed on the outer or 

middle ear. In normal hearing the air and bone conduction thresholds interweave. In mild CHL the air-

bone gap is 20–30 dB, in moderate CHL the air-bone gap is 30–45 dB and in severe CHL the air-bone gap 

is 45-60 dB5. 

Patients who suffer from maxillary constriction are 3.5 times more likely to suffer from CHL6.  Children 

with cleft lip and palate present with a significantly higher prevalence of otitis media with effusion as 
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compared to non-cleft patients. Aberrant levator veli palatini muscle positioning, as well as an abnormal 

fusion with the tendon of the tensor veli palatini muscle, predisposes them to otopathologies7. 

Proper hearing system, anatomical and physiological integrity, auditory pathway maturity and sound 

stimulation are essential for the acquisition and development of verbal language8.  Maxillary expansion 

has been shown to improve hearing in patients with CHL. According to a systematic review by Fagundes 

et al., in 2017 based on nine studies, maxillary expansion results in hearing level improvement by 2-19 

dB9.  

This manuscript aims to describe and provide insights into the effects of maxillary expansion on hearing 

in cleft and non-cleft patients. 

 

Methods of hearing assesment 

Audiometry  

Pure tone audiometry is considered as the gold standard test in the objective assessment of hearing levels 

and pure tone thresholds at different frequencies9. Audiometer devices are used to quantitatively measure 

the air conduction and bone conduction pure tone thresholds. According to the American National 

Standards Institute Specification for audiometer devices, there are four types of audiometers, with Type 1 

having the maximum features and Type 4 having the least features. Type 1 audiometer is a full-featured 

diagnostic audiometer. Type 1 audiometer device contains earphones, bone vibrators, loudspeakers, 

masking noise, etc and can be considered as a full-featured diagnostic audiometer. A Type 4 audiometer 

on the other hand is a simple screening machine with earphones, with no other special features10.  

The test involves the delivery of sound by an earphone at different frequencies, and the hearing levels are 

assessed for each ear separately. Bone conduction thresholds are assessed by placing a vibrator on the 

skull, which results in the stimulation of cochlea directly, without involving the outer and the middle ear. 

A comparison of the air conduction and bone conduction thresholds provides an estimate of the status of 

the conductive or sensory hearing loss.  

Tympanometry 

Tympanometry is an objective test of acoustic admittance of the middle ear as a function of air pressure 

in a sealed ear canal.  The test involves the introduction of varying air pressure in the ear canal, which 

causes the tympanic and ossicular chain to stiffen. As the air pressure is varied in the ear canal, the 

admittance flowing into the middle ear is decreased, resulting in more sound pressure remaining in the ear 

canal. The result is a tympanogram, with a normal tympanogram having a single clearly defined peak at 

near atmospheric pressure, which is represented as Type A11. Type B tympanogram has an abnormally 

low admittance with no discernible peak. Type C tympanogram has normal admittance, with a peak 

occurring at negative pressure. 

 

Review of literature 

Author/Year Number of 

participants 

Mean 

Age  

Expansion 

appliance and 

expansion 

protocol 

Method of hearing 

assessment 

Results  

Ceylan et al. 

199611 

14 12.9 

years 

Hyrax appliance Pure-tone 

audiograms (dB) 

Hearing levels were 

improved from the 
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Author/Year Number of 

participants 

Mean 

Age  

Expansion 

appliance and 

expansion 

protocol 

Method of hearing 

assessment 

Results  

Activation 

protocol: two 

turns per day  

baseline (20.39 ± 

11.78 dB) to post-

RME (17.54 ± 12.59 

dB, p value = .043). 

No differences were 

observed in the 

retention period 

(18.18 ± 6.83 dB) 

Taspinar et al. 

20035 

35 14.5 

years 

Hyrax appliance 

Protocol of 

activation: 3 

times/d for 3 days; 

after midpalatal 

suture opening: 2 

times/day until the 

complete 

elimination of the 

posterior crossbite 

Pure-tone 

audiograms (dB)  

 

There was an 

improvement in the  

hearning levels from 

baseline (24.45 ± 7.4 

dB) to post RME 

(20.63 ± 7.08 dB) 

and end of retention 

period of 2 

years(20.95 ± 7.13 

dB, p value = .001). 

Villano et al. 

200612 

25 7.24 

years 

Hyrax appliance 

Activation 

protocol: three 

times a day for 7 

to 14 days until 

the need of each 

patient.  

Pure-tone 

audiograms (dB), 

Tympanometry 

(dB), and Video-

otoscopy  

There was an 

improvement in the  

hearning levels from 

baseline (31.6 ± 5.76 

dB) to post RME 

(26.9 ±  4.33 dB p 

value =.001). The 

hearing levels also 

showed 

improvement after 

the retention period 

(17.36 ± 2.11 dB, p 

value = .0001) 

Cozza P 

200713 

24 7 years Butterfly 

expander 

Activation 

protocol: three 

times a day 

Pure-tone 

audiograms  

 

Improvement in 

conductive hearing 

loss and hearing 

levels after retention 

period  
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Author/Year Number of 

participants 

Mean 

Age  

Expansion 

appliance and 

expansion 

protocol 

Method of hearing 

assessment 

Results  

 

Kilic et al. 

200814 

15 13.4 

years 

Hyrax appliance 

Activation 

protocol: twice a 

day. 

Pure-tone 

audiograms (dB) 

Tympanometry(dB)  

 

Hearing levels were 

improved from 

baseline (19.42 ± 

7.87 dB) to post 

RME (16.33 ± 7.25 

dB, p value = .05) 

and after fixed 

appliance treatment 

(16.33 ± 7.25 dB) 

and end of treatment 

(13.83 ± 6.68 dB, p 

value = .001).  

Kilic et al. 

200815 

19 13.4 

years 

Hyrax appliance 

Activation 

protocol: one turn 

twice a day during 

the first 5–7 days; 

after suture 

opening, two 

turns a day, three 

times a week, 

until result in 2 

mm of 

overexpansion. 

Pure-tone 

audiograms (dB) and 

tympanometry (dB)  

 

Hearing levels were 

improved during the 

active widening 

period (20.66 ± 8.85 

dB to 15.69 ± 6.25 

dB, p value = .001), 

and the results 

remained stable 

during the retention 

and fixed appliance 

treatment periods 

(end of retention: 

16.32 ± 6.67 dB and 

after treatment: 

16.52 ± 6.68).  

De Stefano et 

al. 200916 

27 7 years Hyrax appliance 

Activation 

protocol: one-

quarter turn in the 

morning and 

another quarter 

turn in the 

evening till the 

Pure-tone 

audiograms (dB) and 

tympanometry (dB)  

 

An improvement in 

mean values of air-

bone gaps was 

recorded before 

(32.03 dB) and after 

removal of RME 

appliance (12.91 

dB), which was 
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Author/Year Number of 

participants 

Mean 

Age  

Expansion 

appliance and 

expansion 

protocol 

Method of hearing 

assessment 

Results  

upper molar 

palatal cusps were 

in contact with the 

lower molar 

buccal cusps  

stable after 12 mo 

(12.91 dB).  

 

Micheletti et 

al. 201217 

18 8.1 

years 

Haas expander 

Activation 

protocol: Two 

turns every day 

(0.5 mm/d), 

during 15–20 

days. 

Pure-tone 

audiograms (dB) and 

tympanometry  

 

There were no 

significant 

variations on the 

hearing levels in 

periods studied (p 

value = 0.05). 

Kilic et al. 

201618 

26 RME 

group- 

10.07 

years 

Control 

- 8.34 

years 

Hyrax appliance 

Activation 

protocol: Two 

times a day: one-

quarter turn in the 

morning (0.2 mm) 

and one in the 

evening (0.2 mm). 

Pure-tone 

audiograms (dB)  

 

In the RME group, 

hearing threshold 

decreased 

approximately 15 

dB after maxillary 

expansion (before 

RME: 30.42 ± 6 

11.20 dB and after 

RME: 16.48 ± 6.73 

dB, p value = .001) 

and remained 

relatively stable 

during the 

observation period 

(after 10 mo: 15.68 

± 8.52 dB).  

Singh H et al. 

201919 

26 11.1 

years 

Hyrax 

Activation: RPE 

0.5 mm/day 

7–14 days 

Pure-tone 

audiograms (dB) and 

tympanometry  

 

Rapid maxillary 

expansion treatment 

produced a 

significant increase 

in the hearing 

levels and middle 

ear volumes of all 

non-cleft and 
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Author/Year Number of 

participants 

Mean 

Age  

Expansion 

appliance and 

expansion 

protocol 

Method of hearing 

assessment 

Results  

bilateral cleft lip 

palate patients with 

normal 

hearing levels and 

with mild 

conductive hearing 

loss. 

Fatima et al. 

202220 

6 8.1 

years 

Hyrax expander 

Daily activation 

of one-quarter 

turn per day for a 

period of 15-20 

days (0.25 mm per 

day).  

Pure-tone 

audiograms (dB) and 

tympanometry  

 

There were no 

significant changes 

in the hearing levels 

on the audiometry 

test after RME on 

the cleft side (p-

value = 0.51) and the 

noncleft side ear (p-

value = 0.26). No 

significant changes 

were observed in the 

middle ear volume 

on the 

tympanometry test 

after RME on the 

cleft side (p-value = 

0.09) and the 

noncleft side ear (p-

value = 0.28).  

 

 

Discussion  

Several studies have evaluated the effects of RME on hearing loss, with the first attempt by Laptook, who 

observed an improvement in hearing in a patient after 1.5 weeks of expansion21. The hearing level 

improvement was retained till 1.5 years of treatment21. Timms22, and Taspinar et al5., observed 

considerable hearing improvement after RME. Ceylan et al11., found that hearing levels were significantly 

improved during the active expansion period, but there was a relapse during the retention period. In a 

recent and long-term study, Kilic et al14., carried out RME and observed the hearing level changes for a 

period of two years. There was an imrovement in the hearing levels after RME and the improvement was 

stable after two years. According to a systematic review by Fagundes et al., the authors stressed that more 

controlled and randomized studies were necessary to investigate this issue further9. In a recent study by 
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Singh et al., which evaluated the effects of RME on hearing and speech production in bilateral cleft lip 

and palate patients, there was a significant improvement in the hearing levels in children with normal 

hearing and mild conductive hearing loss19. In a study by Fatima et al., which evaluated the effects of 

RME on hearing in unilateral cleft lip and palate patients, there were no improvements in the hearing 

levels and middle ear volume after RME and six months retention period20. 

Physiologically, the levator veli palatini and the tensor veli palatini opens and closes the orifice of the 

eustachian tube resulting in humidification and lubrication of the inner ear. If the palatal arches are high 

and the maxillary arch is constricted, these muscles insert in a stretched, hypo functional, and cramped 

state resulting in obstruction in the mucus deflection. The mass of mucus and the virulent exudates leads 

to recurrent serous otitis media.  

Active opening of eustachian tube is mainly accomplished by the medial portion of tensor veli and levator 

veli palatini muscles23. RME brings the muscular ends near the tubal ostia, which may result in an 

improvement in the opening and closing of the eustachian tube12.  Rapid separation of the palate may 

stretch the tensor veli and the levator veli palatini muscles resulting in the equalisation of air pressure on 

either side of the tympanic membrane. 

Secondly, RME widens the nasal airway dimensions, which results in natural physiologic function and 

reduction in upper respiratory infections, nasal allergies, respiratory morbidity, and otitis media, which 

are the most common causes of hearing loss14. 

Among the cleft lip and palate patients hearing levels have been shown to improve in bilateral cleft lip 

and palate patients19, while in another study contradictory results were produced in unilateral cleft lip and 

palate patients20. 

This could be due to the abnormal eustachian tube opening mechanism in the cleft palate patients. The 

tubal lumen of the eustachian tube is less C-shaped in cleft palate patients and the insertion angle of the 

tensor veli palatini muscle into the cartilage has been found to be narrower than in normal patients, which 

results in less efficient pull force leading to eustachian tube dysfunctions
24

. 

In conclusion, maxillary expansion may result in hearing improvement in growing children and 

adolescents. Although, more studies with longer follow ups and control groups are needed to reach a more 

conclusive evidence. 

 

References  

1. da Silva Filho OG, Boas MC, Capelozza Filho L. Rapid maxillary expansion in the primary and mixed 

dentitions: a cephalometric evaluation. Am J Orthod Dentofac Orthop. 1991 Aug;100(2):171–9.  

2. Liu S, Xu T, Zou W. Effects of rapid maxillary expansion on the midpalatal suture: a systematic 

review. Eur J Orthod. 2015 Dec; 37(6):651–5. 

3. Allen, C., Arora, M., Barber, R. M., Bhutta, Z. A., Brown, A. Chen, A. Z. Global, regional, and 

national incidence, prevalence, and years lived with disability for 310 diseases and injuries, 1990–

2015: a systematic analysis for the Global Burden of Disease Study 2015. The Lancet, 388(10053), 

1545–1602. 

4. Rudolph AM. Paediatrics. 16th Ed. New York, NY: Appleton Century Crofts; 1977:954–968. 

5. Taşpinar F, Üçüncü H, Bishara SE. Rapid Maxillary Expansion and Conductive Hearing Loss. Angle 

Orthod. 2003 Dec 1; 73(6):669–73. 

6. Peyvandi AA, Jamilian A, Moradi E. Relationship between conductive hearing loss and maxillary 

constriction. J Laryngol Otol. 2014 Sep; 128(9):765–7.  

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240218117 Volume 6, Issue 2, March-April 2024 8 

 

7. Dickson Ross. Normal and Cleft Palate Anatomy. Cleft palate-Craniofacial J. 1974:9(4). 

8. Amaral MIR do, Martins JE, Santos MFC dos. A study on the hearing of children with non-syndromic 

cleft palate/lip. Braz J Otorhinolaryngol. 2010 Apr; 76(2):164–71. 

9. Fagundes NCF, Rabello NM, Maia LC, Normando D, Mello KCFR. Can rapid maxillary expansion 

cause auditory improve- ment in children and adolescents with hearing loss? A systematic review. 

Angle Orthod. 2017;87(6):886-896.   

10. Katz J, Chasin M, English KM, Hood LJ, Tillery KL. Handbook  of Clinical Audiology. 7th ed. 

Philadelphia, USA: Wolters  Kluwer Health; 2015. 

11. Ceylan ́I,OktayH,DemirciM.Theeffectofrapidmaxillary expansion on conductive hearing loss. Angle 

Orthod. 1996;66(4):301–307.  

12. Villano A, Grampi B, Fiorentini R, Gandini P. Correlations between rapid maxillary expansion (RME) 

and the auditory apparatus. Angle Orthod. 2006;76(5):752–758.  

13. Cozza P, Di Girolamo S, Ballanti F, Panfilio F. Orthodontist- otorhinolaryngologist: an 

interdisciplinary approach to solve otitis media. Eur J Paediatr Dent. 2007;8(2):83–88.  

14. Kilic N, Kiki A, Oktay H, Selimoglu E. Effects of rapid maxillary expansion on conductive hearing 

loss. Angle Orthod. 2008;78(3):409–414. 

15. KilicN,OktayH,SelimogˇluE,ErdemA.Effectsofsemirapid maxillary expansion on conductive hearing 

loss. Am J Orthod Dentofacial Orthop. 2008;133(6):846–851.  

16. De Stefano A, Baffa C, Cerrone D, et al. Management of recurrent otitis media with rapid maxillary 

expansion: our experience. B-ENT. 2009;5(1):13–17.  

17. Micheletti KR, de Mello JA, Ramos S, Scheibel PC, Scheibel GG, Ramos AL. Effects of rapid 

maxillary expansion on middle ear function: one-year follow-up. Int J Pediatr Otorhinolaryngol. 

2012;76(8):1184–1187. 

18. Kilic ̧ N, Yo ̈ru ̈j O, Kilic ̧ SC, Catal G, Kurt S. Rapid maxillary expansion versus middle ear tube 

placement: comparison of hearing improvements in children with resistance otitis media with effusion. 

Angle Orthod. 2016;86(5):761–767.  

19. Singh H, Maurya RK, Sharma P, Kapoor P, Mittal T, Atri M. Effects of maxillary expansion on 

hearing and voice function in non-cleft lip palate and cleft lip palate patients with transverse maxillary 

deficiency: a multicentric randomized controlled trial. Braz J Otorhinolaryngol 2019;3:315–25. 

20. Fatima K, Chaudhari PK, Duggal R, Kharbanda OP, Thakar A. Effects of RME on Hearing in UCLP 

Patients: A Pilot Study. Cleft Palate Craniofac J.2023;60(11):1442-1449. 

21. Laptook T. Conductive hearing loss and rapid maxillary expansion: Report of a case. Am J Orthod. 

1981 Sep 1; 80(3):325–31.  

22. Timms DJ. Effect of rapid maxillary expansion on hearing loss. Angle Orthod. 1997;67(4):2446. 

23. Magnuson B. Physiology of the Eustachian tube and middle ear pressure regulation. In: Jahn AF, 

Santos-Sacchi J, eds. Physiology of the Ear. 2nd ed. San Diego, CA: Singular/ Thomson Learning; 

2001:75–101.  

24. Matsune S, Sando I, Takahashi H. Insertion of the tensor veli pala- tini muscle into the Eustachian 

tube cartilage in cleft palate cases. Ann Otol Rhinol Laryngol. 1991;100(6):439-446.  

 

https://www.ijfmr.com/

