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Abstract

Introduction: Skeletal Class Il malocclusion due to retrognathic mandible usually presents with
a small-sized or a backward-positioned lower jaw when compared to adults with skeletal Class
I malocclusion. This constricts the tongue space within the oral cavity and causes the tongue to
fall back into the airway while the adult sleeps in a supine position. The purpose of this study
was to compare the changes in oxygen saturation (SpO,) levels recorded through continuous
nocturnal pulse oximetry in adults with skeletal Class I and Class Il malocclusions.

Methods: One hundred subjects admitted to a tertiary care centre for elective surgery and with
no history of pulmonary or cardiac conditions were screened and selected for skeletal Class
| [Group T(n=50)] and Class Il [Group 2(n=50)] facial patterns. Continuous nocturnal pulse
oximetry data were recorded during sleep with the help of a pulse oximeter and the data were
analysed. The statistical test used for determining significance was Mann-Whitney U test.
Results: The mean SpO, recorded in group 1 was 97.83% and in group 2 was 95.46% which was
significantly lower than in Group 1 (P<0.001).

Conclusion: The mean SpO, in adults with Class Il skeletal pattern was significantly reduced
when compared with adults having Class | skeletal pattern. Continuous nocturnal pulse oximetry
can serve as an essential screening tool prior to polysomnography to help differentiate the

severity of sleep apnea.

Introduction

Oxygen saturation (SpO,) in blood is indicative of the of
airflow reaching the lungs and is affected by the patency
of the upper airway. Obstruction in the upper airway
leads to hypoxia and hypercapnia. Oxygen desaturation
may result in an increase in the heart rate and blood
pressure momentarily causing hyperactivity of the
sympathetic nervous system resulting in stimulation
of pharyngeal dilator muscles. This, in turn, causes the
airway to open and restores the blood gases to normal. As
this cycle repeats, the sleep of the individual is affected,
presenting with symptoms of loud snoring, sleep apnea,
and increased daytime sleep.!

Skeletal Class II pattern is characterized by either
mandibular retrognathism, maxillary prognathism, or a
combination of both. A retrognathic mandible is usually
a result of either underdevelopment or retropositioning
of a normally developed lower jaw. This reduces the
pharyngeal airway volume at the level of the hypopharynx
resulting in decreased air intake when the individual
lies in a supine position. This is further exacerbated by

posterior displacement of the tongue during sleep due to
space restriction within the oral cavity, ultimately leading
to sleep apnea. The incidence of sleep apnea in adults with
Class II skeletal malocclusion is reported to be 26.5%.>

The gold standard for diagnosis of sleep apnea is
Polysomnography (PSG), but it has a low acceptance rate
among the general population due to its low availability,
increased discomfort, and high cost.> Hence, a simpler,
readily available, and low-cost tool can help in screening
patients for sleep apnea severity before confirming with
PSG. Furthermore, establishing a correlation between the
facial skeletal pattern and SpO, can help clinicians identify
the population group more susceptible to developing
sleep apneaimplement preventive measures to reduce its
occurrence and severity.

Hence, the purpose of the study was to compare the
continuous nocturnal pulse oximetry findings in adults
with Class I and Class II skeletal patterns.

Methods
A cross-sectional comparative study consisting of two
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Study Highlights

What is current knowledge?

o Skeletal Class II malocclusion with mandibular
retrognathism is associated with reduced upper
airway dimensions and an increased risk of OSA.

o  Continuous nocturnal pulse oximetry can been
used as a simple, non-invasive screening tool
to detect oxygen desaturation related to sleep-
disordered breathing.

What is new here?

o This study demonstrates significantly lower
nocturnal SpO, levels in skeletal Class II adults
with mandibular retrognathism and highlights
continuous pulse oximetry as a simple screening
tool for early OSA risk detection.

study groups with fifty subjects each was conducted.
Ethical approval was obtained from the Ethics Committee
of *(blinded). Patients admitted to the tertiary care
centre were screened for mandibular retrognathism and
those satisfying the inclusion criteria were included in
the study. The inclusion criteria consisted of adults aged
between 18 and 40 years and having Class I or Class II
skeletal patterns.

The presence of convex profile, vertical growth
direction, and retrognathic mandible is a risk factors for
sleep disordered breathing.* Exclusion criteria consisted
of patients admitted for emergency care, patients
with cardiac or pulmonary disorders, patients taking
medications such as muscle relaxants, vasoconstrictors,
sedatives, etc., patients with dentofacial deformities or
any medical condition contraindicating the conduct of
the study. All the patients included were non-anaemic,
and were advised against the use of nail polish and henna
during the period of study to prevent its effect on the
oximeter reading.

After an initial pilot study with 20 subjects (10 in each
group), it was decided to include one hundred subjects to
obtain a statistically significant value. Thus, 124 patients
were screened and 100 patients who conformed to the
inclusion and exclusion criteria were selected for the final
sample after obtaining their informed consent. They were
then divided into two groups of 50 subjects each having
Class I skeletal pattern (Figure 1A) in Group I and Class
IT skeletal pattern with retrognathic mandible in Group II.
The presence of a retrognathic mandible was confirmed
through visual examination of the mandibular position in
the profile photo taken (Figure 1B).°

To confirm the skeletal class of the subject, portrait
photographs were taken of the subjects’ right profiles with
a digital single lens reflex (DSLR) camera (Canon1500D)
with 100mm Macro lens, with their heads held in natural
head position (NHP)with their eyes looking into the
distance. For standardization, all the photographs taken
were such that the position of the camera was in line
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Figure 1. Profile angle measured between the three points- Glabella (G’),
Subnasale (Sn) and Pogonion (Pog’). (A) Class | Skeletal Pattern. (B) Class
Il Skeletal Pattern

with the head of the subject, the focal spot was on the
tragus, and the margins of the image were set above the
head and below the neck. The best photograph of each
subject was used for evaluating the skeletal class based on
the landmarks: soft-tissue pogonion (Pog’), soft-tissue
glabella (G’) and subnasale (Sn). This was in accordance
with the study by Sajjadi et al.® Class II skeletal pattern
was defined by a profile angle of<164°, while a Class I
skeletal pattern required a profile angle of 164°-172°7
Photographic profile analysis was performed using Image]J
Software (National Institute of Health, USA) (Figure 1).

Once the subjects were selected, continuous nocturnal
pulse oximetry was performed with a handheld pulse
oximeter (Adnox Healthcare Pvt Ltd.), connected to the
subject through an optical finger sensor (Figure 2). The
pulse oximeter was set to record the SpO, of the patient
every five minutes while sleeping and was disconnected
once the patient woke up after a full night’s sleep. The
readings were transferred to the computer for further
analysis.

The collected data were analyzed for the highest and
lowest SpO,, the frequency of SpO, falling below 90%, the
time duration for which SpO, remains below 90%, and the
mean SpO, recording during the total sleep time. If the
recorded data were for less than five hours of continuous
sleep time, the recording was repeated. The data obtained
were compared between the two study groups.

Statistical analysis

Statistical analysis was performed using IBM SPSS
version 20.0 software (SPSS Inc, Chicago, USA).
Categorical variables were presented using frequency and
percentage. Numerical variables were presented using
mean and standard deviation. To determine the statistical
significance of the difference in the mean values of all
continuous variables between groups, the Mann-Whitney
U test was used. A P value 0f<0.05 was considered to be
statistically significant.

Results
Group 1 consisted of fifty adults (22 males, 28 females)
(mean age 32.88Y) with Class I skeletal base and Group
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Figure 2. (A) Bedside Pulse Oximeter connected to the subject with optical
finger sensor. (B) Oximeter Display showing oxygen saturation (blue) and
pulse rate (green)

Table 1. Demographic data of the sample subjects

Subject Demographics  Group | Group 11

Gender Distribution 22 males, 28 females 29 males, 21 females

Mean Age 32.88 years 34.08 years

Skeletal Relation Class | Class Il

2 consisted of fifty adults (29 males, 21 females) (mean
age 34.08Y) with Class II skeletal base and retrognathic
mandible (Table 1).

The mean oxygen saturation recorded for Group 1
was 97.83% (SD 0.61) and for Group 2 was 95.46% (SD
4.55) (Figure 3). The highest value recorded in Group 1
was 99% (SD 0) and the lowest value was 90% with an
average of 95.38% (SD 1.35). In Group 2, the highest value
recorded was 99% with an average of 97.88% (SD 2.20)
while the lowest recorded value was 50% with an average
of 92.46% (SD 6.45).

The difference between the two study groups showed
a statistically significant difference with respect to mean
SpO, (P<0.001), highest value (P<0.001) and lowest
value (P<0.001) recorded (Table 2).

Discussion

Continuous nocturnal pulse oximetry has been proven
to be an efficient tool to detect sleep disturbances and
obstructive sleep apnea (OSA).* Mean SpO, recording
along with duration of SpO, below 90% has been
considered as reliable diagnostic tools in the assessment
of severity of obstructive sleep apnea (OSA).” The study
results indicate a statistically significant difference
(P<0.001) in the mean values of the recorded oxygen
saturation between the two groups. Group 1, comprising
subjects with Class I skeletal base, showed a significantly
higher SpO, recording than the subjects in Group 2 with a
Class II skeletal pattern and retrognathic mandible.

The position of the maxilla and mandible in relation
to the pharyngeal airway space has a direct effect on
the sleep pattern and airway volume of the individual.’
Maxillary constriction and mandibular retrognathism
affect about 15% of the individuals diagnosed with OSA™
, with orthodontic factors such as overjet and posterior
crossbite significantly affecting breathing patterns
during sleep.'? Short mandibular body and backwardly

Results
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Figure 3. Graph depicting differences in study variables between the two
groups

Table 2. Test Results

Study Parameters Mean SD P value
Mean SpO2 96.61 3.475 <0.001
Highest Value 98.44 1.647 <0.001
Lowest Value 93.92 4.865 <0.001

SD: Standard Deviation.

positioned mandible, tongue size and location of hyoid
are also related to the severity of OSA." Other risk factors
for OSA include obesity, hypertension, large neck size,
alcoholism, and use of sedatives/ tranquilizers." One
main factor associating mandibular retrognathism with
reduced oxygen saturation are the alterations in airway
dimensions."”” Mandibular retrognathism is also usually
associated with altered tongue position which directly
affects the airway.'

A mandibular advancement surgery in Class II adults
significantly improved the oxygen desaturation index
and the number of obstructive sleep apnea episodes .'” A
statistically significant increase was observed in the oxygen
saturation levels of OSA patients treated with mandibular
advancement device.”® Treating patients with Class II
skeletal pattern during their adolescence with maxillary
expansion and mandibular advancement using functional
appliance has shown to improve their nocturnal breathing
pattern and increase their sleep efficiency."” Mandibular
surgical advancement shows significant improvement in
volumetric dimensions of pharyngeal airway.* Similarly,
a mandibular setback showed a significant decrease in
overnight oxygen saturation level post-surgically which
gradually improved as the tissues adapted to the change.”
However, patients with obesity, potential for sleep
disordered breathing® or if the mandibular setback is
done to a larger extent, it is seen to cause sleep disordered
breathing.”

Improvement in the mandibular sagittal position
with a customised oral appliance showed a significant
improvement in oxygen saturation level.** Similarly,
the use of functional appliance in children with oral
dysfunction displayed a significant improvement in blood
oxygen saturation.” Children treated with rapid maxillary
expansion (RME) showed a significant improvement in
airway volume and oxygen saturation after expansion.*
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SpO, shows a significant improvement in maxillary
expansion with miniscrew assisted expansion device.”
Thus, diagnosis and treatment at an early age with
orthopedic appliances to modify the growth pattern in
such children can help prevent the need for complex
surgeries in adulthood.

The statistically significant decrease in mean oxygen
saturation observed in adults with skeletal Class II can
therefore be attributed to a few possible factors, including
a backwardly positioned of mandible, altered tongue
position, and decreased airway dimension. Confounding
factors for the study included large neck dimension,
skin pigmentation, obesity, and hypertension. However,
further research needs to be conducted involving multiple
centres, diverse population, and controlling for the above-
mentioned confounding factors.

Conclusion

The study findings indicate that adults with Class II
skeletal pattern with retrognathic mandible have a
significantly lower overnight oxygen saturation when
compared to adults with Class I skeletal pattern. This
study can further conclude that continuous nocturnal
pulse oximetry can serve as an essential screening tool
prior to Polysomnography to differentiate severity of
sleep apnea. Thus, while treating adults with retrognathic
mandible, the clinician must be cautious of the effects
that the treatment might have on the airway and sleep
characteristics of the patient.

Acknowledgements

The authors of the study take immense pleasure in acknowledging
the coordination of the HODs and staffs from the departments
of Orthopedics and General Surgery, Amrita Institute of Medical
Sciences, Kochi, India.

Authors’ Contribution

Conceptualization: Sapna Varma Nilambur Kovilakam, Ajith
Vallikat Velath, Parvathy Ghosh

Data curation: Nithin Vaishag Rajesh

Formal analysis: Nithin Vaishag Rajesh

Funding acquisition: Nithin Vaishag Rajesh, Sapna Varma Nilambur
Kovilakam, Ajith Vallikat Velath, Parvathy Ghosh

Investigation: Nithin Vaishag Rajesh

Methodology: Nithin Vaishag Rajesh, Sapna Varma Nilambur
Kovilakam, Parvathy Ghosh

Project administration: Sapna Varma Nilambur Kovilakam, Ajith
Vallikat Velath, Parvathy Ghosh

Resources: Nithin Vaishag Rajesh, Sapna Varma Nilambur
Kovilakam

Software: Nithin Vaishag Rajesh

Supervision: Sapna Varma Nilambur Kovilakam

Validation: Sapna Varma Nilambur Kovilakam, Ajith Vallikat Velath,
Parvathy Ghosh

Visualization: Sapna Varma Nilambur Kovilakam

Writing—original draft: Nithin Vaishag Rajesh, Parvathy Ghosh
Writing-review & editing: Sapna Varma Nilambur Kovilakam, Ajith
Vallikat Velath, Parvathy Ghosh

Competing Interests
The authors declare that there is no conflict of interest regarding the
publication of this paper.

Data Availability Statement
The data used to support the findings of this study are available
from the corresponding author upon request.

Ethical Approval
Ethical approval for the study was obtained from the Ethics
Committee of Amrita School of Medicine (ECASM-AIMS-2023-354).

Funding
All authors were supported from their respective institution. No
external funding was received for the study.

References

1. Epstein LJ, Kristo D, Strollo PJ Jr, Friedman N, Malhotra A, Patil
SP, et al. Clinical guideline for the evaluation, management
and long-term care of obstructive sleep apnea in adults. J Clin
Sleep Med 2009;5(3):263-76.

2. Triplett WW, Lund BA, Westbrook PR, Olsen KD. Obstructive
sleep apnea syndrome in patients with class Il malocclusion.
Mayo Clin Proc 1989;64(6):644-52. doi:10.1016/s0025-
6196(12)65342-7

3. Amado-Garzén SB, Ruiz AJ, Rondén-Septlveda MA, Hidalgo-
Martinez P. Sensitivity and specificity of four screening
sleep-disordered breathing tests in patients with and
without cardiovascular disease. Sleep Sci 2021;14(4):311-8.
doi:10.5935/1984-0063.20200104

4. Duman S, Vural H. Evaluation of the relationship between
malocclusions and sleep-disordered breathing in children.
Cranio 2022;40(4):295-302. doi:10.1080/08869634.2020.1
779508

5. Prasanna TR, Navaneethan R, Rengalakshmi S, Prasanna
Arvind TR. Reliability of profile photography for determining
growth pattern and sagittal jaw relationship in different
classes of malocclusions. Indian ] Forensic Med Toxicol
2020;14(4):5955-63. doi:10.37506/ijfmt.v14i4.12534

6.  Sajjadi SH, EImi B, Hajizade N, Rakhshan V. Diagnostic value
of profile photography in identifying departures from the norm
of growth pattern and horizontal jaw relationship. Int Orthod
2017;15(3):322-31. doi:10.1016/j.0rtho.2017.06.017

7. Arnett GW, Jelic JS, Kim J, Cummings DR, Beress A, Worley
CM Jr, et al. Soft tissue cephalometric analysis: diagnosis and
treatment planning of dentofacial deformity. Am ] Orthod
Dentofacial Orthop 1999;116(3):239-53. doi:10.1016/50889-
5406(99)70234-9

8. Hang LW, Wang HL, Chen JH, Hsu JC, Lin HH, Chung WS, et
al. Validation of overnight oximetry to diagnose patients with
moderate to severe obstructive sleep apnea. BMC Pulm Med
2015;15:24. doi:10.1186/512890-015-0017-z

9. Kong D, Hu C, Zhu H. Oxygen desaturation index, lowest
arterial oxygen saturation and time spent below 90% oxygen
saturation as diagnostic markers for obstructive sleep apnea.
Am ] Trans| Res 2023;15(5):3597-606.

10. Balraj K, Shetty V, Hegde A. Association of sleep disturbances
and craniofacial characteristics in children with class ii
malocclusion: An evaluative study. Indian ] Dent Res
2021;32(3):280-7. doi:10.4103/ijdr.lJ]DR_226_19

11. Pliska BT, Lee J, Chadha NK. Prevalence of malocclusion in
children with sleep-disordered breathing. ] Dent Sleep Med
2017;4(2):41-4. doi:http://dx.doi.org/10.15331/jdsm.6526

12. Aroucha Lyra MC, Aguiar D, Paiva M, Arnaud M, Filho AA,
Rosenblatt A, et al. Prevalence of sleep-disordered breathing
and associations with malocclusion in children. J Clin Sleep
Med 2020;16(7):1007-12. doi:10.5664/jcsm.8370

13. Ishiguro K, Kobayashi T, Kitamura N, Saito C. Relationship
between severity of sleep-disordered breathing and
craniofacial morphology in Japanese male patients. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 2009;107(3):343-9.
doi:10.1016/j.tripleo.2008.08.021

14. Singh A, Prasad R, Garg R, Kant S, Hosmane GB, Dubey

4 | JResClin Med 2026;14:35092


https://doi.org/10.1016/s0025-6196(12)65342-7
https://doi.org/10.1016/s0025-6196(12)65342-7
https://doi.org/10.5935/1984-0063.20200104
https://doi.org/10.1080/08869634.2020.1779508
https://doi.org/10.1080/08869634.2020.1779508
https://doi.org/10.37506/ijfmt.v14i4.12534
https://doi.org/10.1016/j.ortho.2017.06.017
https://doi.org/10.1016/s0889-5406(99)70234-9
https://doi.org/10.1016/s0889-5406(99)70234-9
https://doi.org/10.1186/s12890-015-0017-z
https://doi.org/10.4103/ijdr.IJDR_226_19
http://dx.doi.org/10.15331/jdsm.6526
https://doi.org/10.5664/jcsm.8370
https://doi.org/10.1016/j.tripleo.2008.08.021

Oxygen saturation in adults with mandibular retrognathism

20.

21.

A, et al. A study to estimate prevalence and risk factors of
obstructive sleep apnoea syndrome in a semi-urban Indian
population. Monaldi Arch Chest Dis 2017;87(1):773.
doi:10.4081/monaldi.2017.773

Grauer D, Cevidanes LS, Styner MA, Ackerman JL, Proffit
WR. Pharyngeal airway volume and shape from cone-beam
computed tomography: relationship to facial morphology.
Am ] Orthod Dentofacial Orthop 2009;136(6):805-14.
doi:10.1016/j.ajodo.2008.01.020

Zicari AM, Albani F, Ntrekou P, Rugiano A, Duse M, Mattei A,
et al. Oral breathing and dental malocclusions. Eur J Paediatr
Dent 2009;10(2):59-64.

Foltdn R, Hoffmannovd J, Pavlikovd G, Hanzelka T, Klima
K, Horkd E, et al. The influence of orthognathic surgery
on ventilation during sleep. Int J Oral Maxillofac Surg
2011;40(2):146-9. doi:10.1016/j.ijom.2010.10.006

Shete CS, Bhad WA. Three-dimensional upper airway changes
with mandibular advancement device in patients with
obstructive sleep apnea. Am ] Orthod Dentofacial Orthop
2017;151(5):941-8. doi:10.1016/j.ajodo.2016.09.025

Schiitz TC, Dominguez GC, Hallinan MP, Cunha TC, Tufik S.
Class Il correction improves nocturnal breathing in adolescents.
Angle Orthod 2011;81(2):222-8. doi:10.2319/052710-233.1
Waghchaure SS, Bhad WA, Chavan SJ, Mehta N, Baheti N.
Effectiveness of surgical mandibular advancementin improving
airway dimensions in nongrowing skeletal class Il patients
with obstructive sleep apnea—a CBCT study. J Indian Orthod
Soc 2023;57(2):106-15. doi:10.1177/03015742221076914
Kobayashi T, Funayama A, Hasebe D, Kato Y, Yoshizawa M,
Saito C. Changes in overnight arterial oxygen saturation after
mandibular setback. Br ) Oral Maxillofac Surg 2013;51(4):312-
8. doi:10.1016/j.bjoms.2012.07.004

22.

23.

24.

25.

26.

27.

Kitagawara K, Kobayashi T, Goto H, Yokobayashi T,
Kitamura N, Saito C. Effects of mandibular setback surgery
on oropharyngeal airway and arterial oxygen saturation. Int
J Oral Maxillofac Surg 2008;37(4):328-33. doi:10.1016/j.
ijom.2007.12.005

Hasebe D, Kobayashi T, Hasegawa M, Ilwamoto T, Kato
K, Izumi N, et al. Changes in oropharyngeal airway and
respiratory function during sleep after orthognathic surgery in
patients with mandibular prognathism. Int J Oral Maxillofac
Surg 2011;40(6):584-92. doi:10.1016/j.ijom.2011.01.011
Belkhode V, Godbole S, Nimonkar S, Pisulkar S, Nimonkar
P. Comparative evaluation of the efficacy of customized
maxillary oral appliance with mandibular advancement
appliance as a treatment modality for moderate obstructive
sleep apnea patients-a randomized controlled trial. Trials
2023;24(1):73. doi:10.1186/s13063-022-07054-6

Levrini L, Persano R, Piantanida S, Carganico A, Deppieri
A, Naboni G, et al. The effects of the Myobrace® system
on peripheral blood oxygen saturation (SpO2) in patients
with mixed dentition with oral dysfunction. Dent ] (Basel)
2023;11(8):191. doi:10.3390/dj11080191

Fastuca R, Perinetti G, Zecca PA, Nucera R, Caprioglio A.
Airway compartments volume and oxygen saturation changes
after rapid maxillary expansion: a longitudinal correlation
study. Angle Orthod 2015;85(6):955-61. doi:10.2319/072014-
504.1

Brunetto DP, Moschik CE, Dominguez-Mompell R, Jaria E,
Sant’Anna EF, Moon W. Mini-implant assisted rapid palatal
expansion (MARPE) effects on adult obstructive sleep apnea
(OSA) and quality of life: a multi-center prospective controlled
trial. Prog Orthod 2022;23(1):3. doi:10.1186/s40510-021-
00397-x

J Res Clin Med 2026;14:35092 | 5


https://doi.org/10.4081/monaldi.2017.773
https://doi.org/10.1016/j.ajodo.2008.01.020
https://doi.org/10.1016/j.ijom.2010.10.006
https://doi.org/10.1016/j.ajodo.2016.09.025
https://doi.org/10.2319/052710-233.1
https://doi.org/10.1177/03015742221076914
https://doi.org/10.1016/j.bjoms.2012.07.004
https://doi.org/10.1016/j.ijom.2007.12.005
https://doi.org/10.1016/j.ijom.2007.12.005
https://doi.org/10.1016/j.ijom.2011.01.011
https://doi.org/10.1186/s13063-022-07054-6
https://doi.org/10.3390/dj11080191
https://doi.org/10.2319/072014-504.1
https://doi.org/10.2319/072014-504.1
https://doi.org/10.1186/s40510-021-00397-x
https://doi.org/10.1186/s40510-021-00397-x

