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INTRODUCTION

 There are variety of disorders related to sleep 
in children that ranges from simple, occasional 
snoring with no accompanying complications, 
through increased blockage of the upper 
airways to obstructive sleep apnea (OSA) where 

respiratory difficulties accompanied by hypoxemia, 
hypercapnia, and structural sleep difficulties.1,2 
OSA is a common and serious cause of metabolic, 
cardiovascular, and neurocognitive morbidity in 
children.3 This disorder is characterized by repeated 
episodes of prolonged upper airway obstruction 
and/or intermittent complete obstruction that 
disrupts normal sleep patterns.3-5 OSA is a 
widespread disorder with a prevalence of 4 to 9 
percent in the world’s population and it occurs in 
all age groups, but weight, age, race, and gender 
all influence its expression.6 OSA is as common 
as asthma and in its severe form can cause fatal 
cardiovascular damage.6

 Little attention has been paid to the possible 
effects of sleep-related breathing disorders on the 
developing dentition.2 A review of the literature 
yielded that most of the conducted studies from 
different parts of the world indicated that children 
with sleep related breathing disorders have 
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ABSTRACT
Objectives: To evaluate orofacial and occlusion findings associated with obstructive sleep apnea (OSA) in 
a group of Saudi children.
Methods: The sample consisted of 30 OSA patients, and 30 age and gender matched, healthy control. 
The following facial and occlusal features were evaluated: frontal view, facial profile, mandibular angle, 
tongue size, dental midline to facial midline, upper to lower dental midline, overjet, overbite, anterior 
open bite, cross bite, scissors bite, palatal vault, maxillary and mandibular arch crowding and spacing, 
molar and canine relationship.
Results: Participants age ranged from 3 to 8 years. Study group had steeper mandibular angle, deeper 
palatal vault, and less spaced upper and lower arches. There was no statistically significant difference 
between the two examined groups regarding facial morphology, facial profile, midline, anterior openbite, 
tongue size, posterior crossbite, overjet or molar relationship.
Conclusion: OSA children have a relatively different orofacial morphology compared with control children. 
OSA subjects had deeper palatal vault, steeper mandibular plane angle and less spaced upper and lower 
arches compared to control. 
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differences in dental arch dimensions and dentition 
compared with healthy children. These differences 
include adenoidal face, narrower maxilla, deeper 
palatal height, retrusive mandible, deficient chin, 
and long lower face, cross bites, increased overjet, 
and oral breathing.1-3,5,7-12 A study contributed those 
differences to the long-term changes in the position 
of the head, mandible, and tongue in order to 
maintain airway adequacy during sleep.2

 Therefore, dentists should be aware of the many 
separate anatomic factors that contribute to these 
disorders and identify patients at risk in dental 
office to possibly correcting them early.6,13,14 As 
there are no previous studies on the association 
between orofacial findings and OSA for children in 
Saudi Arabia, our aim was to evaluate orofacial and 
occlusion findings associated with OSA in a group 
of Saudi children in Riyadh city.

METHODS

 The study protocol and consent form was 
approved by the Research and Ethical Committee 
of Human Studies at King Saud University, College 
of Dentistry Research Center. A single examiner 
(LH) who was trained and calibrated (kappa=0.78) 
with a senior faculty in recording occlusal features 
carried out all the examination procedures. The 
intra-examiner reliability was established by re-
examination of 10 healthy children in 2 different 
visits with one week a part (Kappa=0.88).
 The sample consisted of 30 OSA patients who 
were recruited from Ear-Throat and Nose (ENT) 
Clinic of King Abdul-Aziz University Hospital 
(KAUH) and Al Habeeb Private Medical Center, in 
Riyadh, Saudi Arabia, after being diagnosed by one 
Pediatric Otorhinolaryngologist and scheduled for 
surgical intervention. A control group of 30 healthy, 
none OSA children, randomly selected from 
patients attending College of Dentistry, matched 
for age and gender was similarly examined.
 The following facial and occlusal features were 
evaluated according to the criteria, described 

by Huynh et al.11, by placing the child in the 
physiologic natural head position: Frontal view of 
the facial third analysis, facial profile, mandibular 
angle, tongue size, Facial medline to dental midline, 
upper to lower dental midline, overjet, overbite, 
anterior open bite, cross bite, scissors bite, palatal 
vault, maxillary and mandibular arch crowding 
and spacing, molar and canine relationships.
 The collected data were recorded on a special 
form and the Statistical Package for Social Science 
(SPSS V.16) was utilized for statistical computation. 
Data analysis included frequency distribution; 
Chi-square, proportional t-test and independent 
t-test were used according to the nature of the 
variables studied, with the level of significance set 
at P≤0.05.

RESULTS

 The age of the children in each group ranged 
between 3-8 years, with a mean (±SD) age of 4.3 ±1.57 
years. Males and females were equally distributed 
(50%) in both groups. The majority of the subjects 
in each group (80%) had primary dentition, while 
the remaining (20%) had mixed dentition. Analysis 
of data by age or dentition type was not done as 
the children were not evenly distributed by those 
two variables. There was no statistically significant 
difference in any of the variables tested between 
male and female children in both groups.
Facial and occlusal features: For morphologic 
characteristics in the vertical plane:  most subjects had 
normocephalic facial morphology in both control 
and study groups (73.3%) and (60%) respectrively. 
Dolicofacial, or long facial morphology, was 
observed in (10%) of the control group compared to 
(16.7%) in the study group.  More than half (56.7%) 
of the control group had convex profile compared 
to (46.7%) in the study group. Only few subjects 
{2 (6.6%) in the study and 1 (3.3%) in the control 
group} had concave facial profile. There was no 
statistically significant difference (P>0.05) between 
the two examined groups in facial morphology or 

Table-I: Mandibular Angle.

Mandibular Angle

Group N Flat Normal Steep

Control 30 1 (3.3%) 27 (90%) 2 (6.7%)
Study  30 0 (0%) 19 (63.3%) 11 (36.7%)
P value  0.3 0.01* 0.00*

*Significant

Table-II: Palatal Vault.

Palatal Vault

Group N Deep Round 

Control 30 6 (20.0%) 24 (80.0%)
Study  30 18 (60.0%) 12 (40%)
P value  0.00* 0.00*

*Significant
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facial profile. Two cases (one in the control and 
one in the study group) were not included in the 
anterior teeth relation as their lower anterior teeth 
were missing.
 For the facial midline with dental midline a 
discrepancy was found in only one case of the 
control group. Regarding the upper and lower 
dental midline, a deviation was noticed in (30%) of 
the control group compared to (16.7%) of the study 
group cases. Only one upper midline deviation 
was recorded in one of the controlled cases with no 
statistically significant difference between the two 
groups.
 Only few cases of the study {4 (13.8%)} and 
control {2 (6.9%)} groups were recorded as having 
an anterior openbite with p>0.05. The remaining 
cases were evaluated for the amount of overbite.  
In control group out of the 27 control cases, 23 
(85.2%) had overbite ranging from 0-50% and 4 
(14.8%) had 51-100%. The corresponding numbers 
for the 25 cases in study group were 18(72%) and 
7(28%) respectively, with no statistically significant 
difference recorded.
 Tables I-V shows distribution of mandibular plane 
angle, palatal Vault (transverse plane), maxillary 
and mandibular arch crowding and spacing, molar 
and canine relations respectively between the 

groups. Majority of the cases in both control (86.7%) 
and study (96.7%) groups had normal tongue size 
with no statistically significant difference (p>0.05).
Scissor bite and anterior crossbite were not 
registered in any of the examined cases, while 
posterior crossbite was found to be higher in the 
study group (23.3%) compared to the control (6.7%) 
with no statistically significant difference (p=0.063). 
None of the control group children had bilateral 
posterior crossbite which was recorded in two 
(6.6%) of the study group children. 
 In the sagittal or anteroposterior plane: an 
increased overjet (≥5mm) was recorded in few of 
the cases in both control and study groups (6.9% & 
13.8%) respectively, with no statistically significant 
difference  found.

DISCUSSION

 The present study has provided important baseline 
information on orofacial findings associated with 
OSA in a group of Saudi children. Development 
of dental occlusion is strongly influenced by 
genetic  and environmental factors such as oral 
habits, hypertrophic tonsils and adenoids and 
severe chronic disease in childhood.15 A number 
of specific occlusal abnormalities in craniofacial 
skeletal dimensions occur in children who breathe 
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Table-III: Maxillary and Mandibular arch spacing and crowding.
 Maxillary  Arch Mandibular Arch
Group N Normal Crowding Spacing Normal Crowding Spacing

Control 30 18(60%) 2(6.7%) 10(33.3%) 19(63.3%) 3(10.0%) 8(26.7%)
Study 30 27(90%) 2(6.7%) 1(3.3%) 25(83.3%) 5(16.7%) 0(0%)
P value  0.004* 1 0.001* 0.07* 0.44 0.001*
*Significant

Table-IV: Molar Relation.
Molar Relation

Group N (R_L) Flush Terminal (R_L) Mesial Step ( R_L) Distal Step (R_L) Class I Cross Arch

Control 30 2(6.7%) 21(70%) 1(3.3%) 3(10%) 3(10%)
Study 29* 5(17.2%) 18(62.1%) 0(0%) 4(13.8%) 2(6.9%)
P value  0.20 0.51 0.3 0.65 0.66
* One of the study group cases had bilateral missing lower posterior teeth.

Table-V: Canine Relation.
Canine Relation

Group N (R_L) End to End (R_L) Class I (R_L) Class II (R_L) Class III Cross Arch
Control 30 1 (3.3%) 25 (83.3%) 1 (3.3%) 0 (0%) 3 (10%)
Study 30 5 (16.7%) 18 (60%) 0 (0%) 5 (16.7%) 2 (6.6%)
P value  0.07 0.03* 0.30 0.014* 0.64
*Significant
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through their mouths.16 Timely intervention 
through removal of tonsils or adenoids and other 
therapies have been shown to help in the treatment 
of these abnormalities.17 Adenotonsillectomy is 
very effective in treating OSA.18 The cure rates 
after adenotonsillectomy have been reported to 
range from 75-100% in normal healthy children.19 
OSA children had posteriorly inclined mandible 
and increased anterior face height.20,21 In addition 
long-face syndrome has been described as one of 
the features of patients with OSA and may have 
a major negative impact on facial aesthetics and 
can be difficult to correct.3,17 In the present study 
no statistically significant difference was recorded 
between study and control group in relation to facial 
height, facial profile, facial or dental midlines. Most 
of the children in both study and control group had 
normocephalic facial morphology and convex facial 
profile, with the long-face morphology recorded in 
16.7% of the study and 10% of the control group. 
This could be explained by the fact that low tongue 
posture and elongation of lower anterior facial 
height are apparent at three years of age but more 
commonly detected after age five16 as majority of our 
subjects were 5 years and younger. A comparable 
result regarding the facial height was reported in 
a group of pediatric orthodontic patients.11 Other 
studies used cephalometric radiographs reported 
a longer lower facial height in OSA patients as 
compared to control.1,5

 In the present study OSA children showed 
significantly steeper mandibular plane angle as 
compared to control. Similarly several studies 
have reported a high mandibular plane angle in 
OSA subjects as compared to healthy control.11,20,21 
Another study reported a decrease (improvement) 
of the mandibular plane angle of OSA children at 
the 5-year follow-up after adenotonsillectomy and 
attributed this to the greater posterior face height 
growth that was affected by the improved level 
of growth hormone after adenotonsillectomy.2 
In the same study anterior facial height of the 
OSA subjects remained greater than the control 
subjects at the 5-year follow-up, but it increased on 
average by a comparable amount in both groups of 
children after adenotonsillectomy.2 Other variables 
evaluated in the present study and showed no 
significant difference between the two groups 
included anterior open bite, tongue size, overjet 
and molar relationship. A significantly increased 
overjet, a reduced overbite and a more anterior 
open bite have been reported in OSA  previously.2 
Similarly posterior crossbite showed no significant 

difference although it has a tendency to be more in 
the study group (p=0.063). The recorded posterior 
crossbite in the study group (23.3%) is more than 
that recorded for normal children in some previous 
studies.22 A high prevalence of posterior crossbite 
in obstructed children has been reported by other 
investigators.9,22

 Narrower maxilla or deeper palatal height has 
been recorded in obstructed patients in the present 
study and several other studies.2,9,23 Some previous 
reports have found an increase (improvement) 
in maxillary arch width and spontaneous 
normalization of some posterior crossbites after 
adenotonsillectomy.23,24

 In primary dentition molar relationships do not 
give exact expression for future relations of the dental 
arches, therefore it is more valid to use the canine 
relations when judging the sagittal relationships 
in the primary dentition.15In this study, the study 
group had more class III canine relation compared 
to control group. In addition, the study group had 
fewer spaces between teeth in both maxillary and 
mandibular arches compared to control. A tendency 
for increasing maxillary and mandibular crowding 
was reported in the OSA children when compared 
with the control children.2 It is important that OSA 
in young children is diagnosed early to improve the 
overall health and that the patients are evaluated 
both from a medical and dentofacial point of view.23 
Pediatric dentist should be aware of features of 
OSA and able to screen for OSA in the dental office 
to aid in identifying patients at risk for having OSA.

CONCLUSIONS

 Children suffering from OSA have a relatively 
different dentofacial morphology compared with 
control children. OSA subjects had deeper palatal 
vault, steeper mandibular plane angle and less 
spaced upper and lower arches compared to control.

ACKNOWLEDGEMENT

 We gratefully acknowledge the help and 
support of Professor Ahmad AL-Ammar (Pediatric 
Otorhinolaryngologist) and Mr. Nasser Al Moflehi, 
for statistical contribution. Authors also thank the 
College of Dentistry Research Center and Deanship 
of Scientific Research at King Saud University, Saudi 
Arabia for funding this research project (NF2386).

Funding: College of Dentistry Research Center 
and Deanship of Scientific Research at King Saud 
University.

Orofacial & Obstructive Sleep Apnea

http://acknowledgementsample.com/?cat=2


Conflicts of interest: None

REFERENCES
1. de Carlos Villafranca F, Cobo Plana J, Díaz-Esnal B, 

Fernández-Mondragón P, Macías Escalada E, Puente 
Rodríguez M. Chronic snoring and obstructive sleep 
apnea-hypopnea syndrome in children. Orthod Fr. 
2003;74:431-457.

2. PiriläParkkinen K, Pirttiniemi P, Nieminen P, Tolonen 
U, Pelttari U, Löppönen H. Dental arch morphology 
in children with sleep-disordered breathing. Eur J Orthod. 
2009;31:160-167. DOI: 10.1093/ejo/cjn061

3. Katz ES, D’Ambrosio C. Pediatric Obstructive Sleep Apnea 
Syndrome. Clin Chest Med 2010;31:221-234. DOI: 10.1016/j.
ccm.2010.02.002

4. Witmans M, Young R. Update on Pediatric Sleep-Disordered 
Breathing. Pediatr Clin North Am. 2011;58:571-589. DOI: 
10.1016/j.pcl.2011.03.013

5. Deng J, Gao X. A case-control study of craniofacial features 
of children with obstructed sleep apnea. Sleep Breath. 
2012;16:1219-1227. DOI: 10.1007/s11325-011-0636-4

6. Demko BG. Screening for obstructive sleep apnea in the 
dental office setting. J Mass Dent Soc. 2008;57:18-20.

7. Ågren K, Nordlander B, Linder-Aronsson S, Zettergren-
Wijk L, Svanborg E. Children with nocturnal upper airway 
obstruction: postoperative orthodontic and respiratory 
improvement. Acta Otolaryngol. 1998;118:581-587. DOI: 
10.1080/00016489850154766

8. Kawashima S, Niikuni N, LoCH, Kohno M, Nakajima 
I, Akasaka M. Clinical findings in Japanese children with 
obstructive sleep apnea syndrome: focus on dental findings. 
J Oral Sci. 1999;41:99-103. DOI: 10.2334/josnusd.41.99

9. Lofstrand-Tideström B, Thilander B, Rastad A, Jakobsson 
O, Hultcrantz E. Breathing obstruction in relation to 
craniofacial and dental arch morphology in 4-year-old 
children. Euro J Orthodontics. 1999;21:323-332.

10. González Rivera SR, CorominaIsern J, GayEscoda C. 
Respiratory orofacial and occlusion disorders associated 
with adenotonsillarhypertrophy. An Otorrinolaringol Ibero 
Am. 2004;31:265-282.

11. Huynh NT, Morton PD, Rompré PH, Papadakis A, Remise 
C. Associations between sleep-disordered breathing 
symptoms and facial and dental morphometry, assessed 
with screening examinations. Am J Orthod Dentofacial 
Orthop. 2011;140:762-770.

12. Cai XH, Li XC, Hu QQ, Yu CY, Zhou YH, Su MS, et al. 
Multiple system morbidities associated with children 
with snore symptom. Pediatr Pulmonol. 2012;48:381-389. 
DOI: 10.1002/ppul.22653

13. Simmons MS. Somnology 101: a primer on sleep disorders, 
their impact on society,and role for dentistry. J Calif Dent 
Assoc. 2012;40:131-139.

14. Simmons MS, Artal R, Burch MA,  Cain RP, Campano 
R, Cohen HG, et al. Dentistry-based approaches to sleep-
disordered breathing, algorithms, and multidisciplinary 
perspectives. J Calif Dent Assoc. 2012;40:168-181.

15. Kurol J, Mohlin B. Occlusal development, preventive, 
and interceptive orthodontics. In: Koch G, Poulsen S 
(Eds), Pediatric Dentistry, A clinical Approach, 2nded, 
2009; 212-232. 

16. Malhotra S, Pandey RK, Nagar A, Agarwal SP, Gupta VK. 
The effect of mouth breathing on dentofacial morphology of 
growing child. J Indian Society Pedo Preventive Dentistry. 
2012;30:27-31. DOI: 10.4103/0970-4388.95572

17. Smith RJ. Identifying normal and abnormal development of 
dental occlusion. Pediatr Clin North Am. 1991;38:1149-1171.

18. American Academy of Pediatrics, subcommittee on 
obstructive sleep apnea syndrome, Clinical practice 
guideline: Diagnosis and Management of Childhood 
Obstructive Sleep Apnea Syndrome. Pediatrics. 
2012;130:576-584.

19. American Academy of Pediatrics, Section on pediatric 
pulmonology, subcommittee on obstructive sleep apnea 
syndrome, Clinical practice guideline: diagnosis and 
management of childhood obstructive sleep apnea. 
Pediatrics. 2002;109:704-712.

20. Kawashima S, Peltomäki T, Sakata H, Mori K, Happonen RP, 
Rönning O. Craniofacial morphology in preschool children 
with sleep-related breathing disorder and hypertrophy of 
tonsils. Acta Paediatrica. 2002;91:71-77.

21. Zettergren-Wijk L, Forsberg C-M, Linder-Aronson S. 
Changes in dentofacial morphology after adenotonsillectomy 
in young children with obstructive sleep apnea - a 5 year 
follow-up study. Euro J Orthodontics. 2006;28:319-326. DOI: 
10.1093/ejo/cji119 319-326

22. Jones ML, Mourino AP, Bowden TA. Evaluation of occlusion, 
trauma, and dental anomalies in African-American children 
of metropolitan Headstart program. J ClinPediatr Dent. 
1993;18:51-54.

23. Zettergren-Wijk L. A longitudinal study of dentofacial 
morphology in young children treated for the obstructive 
sleep apnea syndrome. Department of Orthodontics, 
Institute of Odontology, Karolinska Institute, Stockholm, 
Sweden, 2008. Accessed on October 10, 2014at: http://
publications.ki.se/xmlui/bitstream/handle/10616/40204/
thesis.pdf?sequence=1

24. Hultcrantz E, Larson M, Hellquist R, Ahlquist-Rastad 
J, Svanholm H, Jakobsson OP. The influence of tonsillar 
obstruction and tonsillectomy on facial growth and 
dental arch morphology. Int J Pediatr Otorhinolaryngol. 
1991;22:125-134. DOI: 10.1016/0165-5876(91)90032-7

Authors’ Contribution:

NSA: Data processing, analysis, interpretation and 
manuscript writing.
LAH: Data collection, processing and analysis.
FSS: Idea, design, writing, review and final 
approval of the manuscript.
NSA: Takes the responsibility and is be accountable 
for all aspects of the work in ensuring that questions 
related to the accuracy or integrity of any part of the 
work are appropriately investigated and resolved.

392   Pak J Med Sci   2015   Vol. 31   No. 2      www.pjms.com.pk

Nouf S. AlHammad et al.

http://www.ncbi.nlm.nih.gov/pubmed?term=D%C3%ADaz-Esnal B%5BAuthor%5D&cauthor=true&cauthor_uid=15301372
http://www.ncbi.nlm.nih.gov/pubmed?term=Fern%C3%A1ndez-Mondrag%C3%B3n P%5BAuthor%5D&cauthor=true&cauthor_uid=15301372
http://www.ncbi.nlm.nih.gov/pubmed?term=Mac%C3%ADas Escalada E%5BAuthor%5D&cauthor=true&cauthor_uid=15301372
http://www.ncbi.nlm.nih.gov/pubmed?term=Puente Rodr%C3%ADguez M%5BAuthor%5D&cauthor=true&cauthor_uid=15301372
http://www.ncbi.nlm.nih.gov/pubmed?term=Puente Rodr%C3%ADguez M%5BAuthor%5D&cauthor=true&cauthor_uid=15301372
http://www.ncbi.nlm.nih.gov/pubmed?term=Piril%C3%A4-Parkkinen K%5BAuthor%5D&cauthor=true&cauthor_uid=19028674
http://www.ncbi.nlm.nih.gov/pubmed?term=Pirttiniemi P%5BAuthor%5D&cauthor=true&cauthor_uid=19028674
http://www.ncbi.nlm.nih.gov/pubmed?term=Nieminen P%5BAuthor%5D&cauthor=true&cauthor_uid=19028674
http://www.ncbi.nlm.nih.gov/pubmed/19028674
http://www.ncbi.nlm.nih.gov/pubmed?term=Demko BG%5BAuthor%5D&cauthor=true&cauthor_uid=18610879
http://www.ncbi.nlm.nih.gov/pubmed?term=Zettergren-Wijk L%5BAuthor%5D&cauthor=true&cauthor_uid=9726687
http://www.ncbi.nlm.nih.gov/pubmed?term=Zettergren-Wijk L%5BAuthor%5D&cauthor=true&cauthor_uid=9726687
http://www.ncbi.nlm.nih.gov/pubmed?term=Svanborg E%5BAuthor%5D&cauthor=true&cauthor_uid=9726687
http://www.ncbi.nlm.nih.gov/pubmed/?term=Linder-Aronson+S%2C+.+Children+with+++++obstruction%3A+postoperative+orthodontic+and+respiratory+improvement
http://www.ncbi.nlm.nih.gov/pubmed?term=Kawashima S%5BAuthor%5D&cauthor=true&cauthor_uid=10692833
http://www.ncbi.nlm.nih.gov/pubmed?term=Niikuni N%5BAuthor%5D&cauthor=true&cauthor_uid=10692833
http://www.ncbi.nlm.nih.gov/pubmed?term=Lo CH%5BAuthor%5D&cauthor=true&cauthor_uid=10692833
http://www.ncbi.nlm.nih.gov/pubmed?term=Kohno M%5BAuthor%5D&cauthor=true&cauthor_uid=10692833
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakajima I%5BAuthor%5D&cauthor=true&cauthor_uid=10692833
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakajima I%5BAuthor%5D&cauthor=true&cauthor_uid=10692833
http://www.ncbi.nlm.nih.gov/pubmed?term=Akasaka M%5BAuthor%5D&cauthor=true&cauthor_uid=10692833
http://www.ncbi.nlm.nih.gov/pubmed?term=Gonz%C3%A1lez Rivera SR%5BAuthor%5D&cauthor=true&cauthor_uid=15259849
http://www.ncbi.nlm.nih.gov/pubmed?term=Coromina Isern J%5BAuthor%5D&cauthor=true&cauthor_uid=15259849
http://www.ncbi.nlm.nih.gov/pubmed?term=Gay Escoda C%5BAuthor%5D&cauthor=true&cauthor_uid=15259849
http://www.ncbi.nlm.nih.gov/pubmed?term=Huynh NT%5BAuthor%5D&cauthor=true&cauthor_uid=22133940
http://www.ncbi.nlm.nih.gov/pubmed?term=Morton PD%5BAuthor%5D&cauthor=true&cauthor_uid=22133940
http://www.ncbi.nlm.nih.gov/pubmed?term=Rompr%C3%A9 PH%5BAuthor%5D&cauthor=true&cauthor_uid=22133940
http://www.ncbi.nlm.nih.gov/pubmed?term=Papadakis A%5BAuthor%5D&cauthor=true&cauthor_uid=22133940
http://www.ncbi.nlm.nih.gov/pubmed?term=Remise C%5BAuthor%5D&cauthor=true&cauthor_uid=22133940
http://www.ncbi.nlm.nih.gov/pubmed?term=Remise C%5BAuthor%5D&cauthor=true&cauthor_uid=22133940
http://www.ncbi.nlm.nih.gov/pubmed?term=Yu CY%5BAuthor%5D&cauthor=true&cauthor_uid=22911964
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhou YH%5BAuthor%5D&cauthor=true&cauthor_uid=22911964
http://www.ncbi.nlm.nih.gov/pubmed?term=Su MS%5BAuthor%5D&cauthor=true&cauthor_uid=22911964
http://www.ncbi.nlm.nih.gov/pubmed?term=Cain RP%5BAuthor%5D&cauthor=true&cauthor_uid=22416636
http://www.ncbi.nlm.nih.gov/pubmed?term=Campano R%5BAuthor%5D&cauthor=true&cauthor_uid=22416636
http://www.ncbi.nlm.nih.gov/pubmed?term=Campano R%5BAuthor%5D&cauthor=true&cauthor_uid=22416636
http://www.ncbi.nlm.nih.gov/pubmed?term=Cohen HG%5BAuthor%5D&cauthor=true&cauthor_uid=22416636
http://publications.ki.se/xmlui/bitstream/handle/10616/40204/thesis.pdf?sequence=1
http://publications.ki.se/xmlui/bitstream/handle/10616/40204/thesis.pdf?sequence=1
http://publications.ki.se/xmlui/bitstream/handle/10616/40204/thesis.pdf?sequence=1
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahlquist-Rastad J%5BAuthor%5D&cauthor=true&cauthor_uid=1743873
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahlquist-Rastad J%5BAuthor%5D&cauthor=true&cauthor_uid=1743873
http://www.ncbi.nlm.nih.gov/pubmed?term=Svanholm H%5BAuthor%5D&cauthor=true&cauthor_uid=1743873
http://www.ncbi.nlm.nih.gov/pubmed?term=Jakobsson OP%5BAuthor%5D&cauthor=true&cauthor_uid=1743873

