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Study Objectives: A number of authors have shown that children with OSA are more likely to have certain physical characteristics than healthy controls.
With this in mind, our objectives were to collect normative baseline data and determine if there was a significant difference in anthropometric and dental
measurements between children with OSA and age-matched nonsnoring controls.

Methods: Children 2 to 12 y of age, in whom OSA was diagnosed by overnight polysomnography, were recruited to our experimental group. Age-matched
nonsnoring controls were screened for signs of sleep-disordered breathing. Anthropometric measurements, including waist, neck, and hip circumferences,
and waist-hip and neck-waist ratios, were obtained on all study participants preoperatively. Dental casts were acquired to determine intertooth distances and

palatal height.

Results: Sixty-one children (42 with OSA [69%)] and 19 controls [31%]) with a mean age of 4.7 y participated in the study. Waist and hip circumferences
were significantly larger in children with OSA (p = 0.001 and 0.001, respectively). However, there was no difference in neck circumference and waist-hip
ratios between the two groups. Neck-waist ratio in children with OSA was significantly smaller than in controls (p = 0.001). Intertooth distance for the first
(p < 0.0001) and second deciduous (p = 0.0002) and first permanent molars (p = 0.022) were significantly narrowed in children with OSA; however, no
difference was seen in palatal height between groups. Body mass index was similar between groups (p = 0.76).

Conclusions: Anthropometric and dental measurements were significantly different in children with OSA compared to nonsnorers. Future studies with a
large sample size may allow us to determine if these measurements can be used by clinicians to identify children at risk for OSA.

Keywords: anthropometric measurements, dental casts, dental measurements, pediatric OSA, sleep-disordered breathing

Commentary: A commentary on this article appears in this issue on page 1213.

Citation: Smith DF, Dalesio NM, Benke JR, Petrone JA, Vigilar V, Cohen AP, Ishman SL. Anthropometric and dental measurements in children with

obstructive sleep apnea. J Clin Sleep Med 2016;12(9):1279-1284.

INTRODUCTION

Sleep-disordered breathing (SDB) encompasses a spectrum
of disorders, from primary snoring to obstructive sleep apnea
(OSA).! OSA is the most severe form of SDB and is character-
ized by partial or complete nocturnal obstruction of pharyn-
geal airflow. If untreated, resultant alterations in gas exchange
and sleep structure may lead to the development of a wide ar-
ray of clinical sequelae, including poor school performance,*?
neurocognitive deficits, metabolic abnormalities,™® and
cardiovascular morbidity.” '

OSA occurs in approximately 2% to 4% of children''?
and has a peak incidence in preschool-aged children.” In
children without syndromic or nonsyndromic craniofacial
abnormalities, this condition is most commonly attrib-
uted to adenotonsillar hypertrophy. However, as in adults,
increased fat deposition in the neck of children is also
thought to be a contributing factor.” More specifically, re-
search indicates that the increase in childhood obesity has
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Given the difficulty with
acquiring polysomnography based on access and cost, a number
of studies have focused on alternative identifiers of OSA in children.
Identifiers of interest have focused on physical characteristics that
can be evaluated in clinical settings or are less costly to obtain, such
as anthropometric and dental measurements.

Study Impact: We present preliminary data for anthropometric

and dental measurements in children with OSA compared to
nonsnoring control patients. Further, we demonstrate that children
with OSA have significantly larger waist and hip circumferences,
lower neck-waist ratios, and narrower first and second deciduous
and first permanent molar intertooth distances compared to
nonsnoring controls.

been significantly associated with both the prevalence and
severity of pediatric OSA.">'¢

Although polysomnography (PSG) is considered the gold
standard for the diagnosis of OSA in children," sleep studies
are labor intense, costly, often have long waiting lists, and
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can be difficult to obtain due to limited access to special-
ists in pediatric sleep medicine.'"®!"” Numerous authors have
evaluated the utility of anthropometric measurements in
identifying adults at risk for OSA,*** with one study dem-
onstrating that neck circumference was more predictive of
OSA than body mass index (BMI).>> Although fewer an-
thropometric studies have been conducted in children, sev-
eral authors suggest that larger neck circumference,* larger
waist circumference,” higher waist-hip ratios,?® and higher
neck-waist ratios?” are more likely to be present in children
with SDB or OSA.

A number of authors have also investigated the use of den-
tofacial measurements to identify children at risk for OSA.
To compensate for decreased airflow during sleep, children
with SDB often change body, head, tongue, and/or mandible
position,® leading to changes in upper airway volume.?*!
These changes reportedly affect dentofacial morphology,*
especially the developing dentition.**3> Compared to chil-
dren without SDB, children with SDB have also been found
to have narrower and shorter maxillary arches* and reduced
intercanine widths.*

In view of these collective findings, we hypothesized that
both anthropometric data and dental measurements obtained
from children with OSA would differ from those in nons-
noring children. Although anthropometric data and dental
measurements have been separately evaluated in children
with OSA, the two have not been examined together in a
single population of children with OSA and compared to
nonsnoring control patients. Based on information gleaned
from the aforementioned studies, we anticipated that chil-
dren with OSA would have larger neck, waist, and hip cir-
cumferences and narrower maxillary intertooth distances
compared to nonsnoring age-matched controls. To test this
hypothesis, we obtained anthropometric and dental measure-
ments in children with OSA. To establish normative data,
we also obtained these measurements in otherwise healthy
nonsnoring controls.

METHODS

Study Participants

Study participants included two groups of children rang-
ing in age from 2 to 12 y: (1) the experimental group, com-
posed of children in whom OSA was previously diagnosed
by overnight in-laboratory PSG and who were undergoing
sleep surgery and (2) the control group, composed of nons-
noring, age-matched children who underwent screening for
signs of SDB and were undergoing nonsleep-related surgery.
Children were excluded from the control group if families
reported positive findings on sleep screening. Screening for
SDB was performed by the research coordinator and con-
sisted of asking a series of questions about nighttime symp-
toms: (1) Does your child have any nighttime snoring? (2)
Does your child have any noisy breathing while sleeping?
(3) Have you ever witnessed pauses in your child’s breathing
at night? (4) Does your child ever have coughing, choking,
gagging, or gasping while breathing at night? Children with
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craniofacial abnormalities, such as Pierre-Robin or Treacher
Collins syndromes, dental malocclusions, genetic syndromes,
and cleft palate or previous cleft repair were excluded from
both study groups. An expedited institutional review board
approval was obtained from the Johns Hopkins Hospital prior
to the start of this study.

All children enrolled in this study were recruited from the
preoperative area prior to scheduled elective procedures. OSA
was previously diagnosed in children in the experimental
group by sleep study and who were undergoing sleep-related
procedures, such as adenotonsillectomy. Healthy controls
were also recruited through screening in the preoperative area.
These children were undergoing elective, urologic, or otolaryn-
gologic nonsleep procedures. During the preoperative evalua-
tion, sleep screening was performed, as described previously,
to rule out signs of SDB. Demographic data and physical ex-
amination characteristics were collected prior to all surgical
procedures. Because all children were already undergoing
elective surgical procedures, dental casts were obtained after
patients were anesthetized and intubated.

PSG Data

Pediatric sleep physicians reviewed and analyzed PSG data to
establish the presence of OSA for children in the experimental
group. OSA severity was determined according to the guide-
lines specified by the American Academy of Sleep Medicine:
mild OSA was defined by an obstructive apnea-hypopnea in-
dex (0AHI) of 1 to <5 events per hour; moderate OSA was
defined as > 5 to < 10 events per hour, and severe OSA as > 10
events per hour.

Anthropometric Measurements

Height and weight were measured preoperatively using stan-
dardized equipment. A non-elastic tape measure was used to
obtain the waist circumference at the level of the umbilicus.
Neck circumference was measured at the midline, halfway be-
tween the cervical spine and anterior neck. Hip circumference
was measured on the same plane as the greater trochanters.
Waist-hip ratios were calculated by dividing hip measurements
by waist measurements. Neck-waist ratios were calculated by
dividing neck measurements by waist measurements.

Dental Casts

Dental casts were obtained after patients were anesthetized and
intubated. Metal dental trays (Figure 1) and dental alginate
were used to take impressions. Dental casts were subsequently
made by filling the dental impressions with dental plaster and
allowing the mold to dry for 45 min. The casts were collected
and stored until dental measurements were performed.

Dental Measurements

All dental measurements were performed by a single oral
maxillofacial surgeon who was blinded as to the group assign-
ment of study participants. Using the dental casts and Boley
gauge calipers (Integra, Plainsboro, NJ), intertooth distances
were recorded to 0.5 mm for each patient. Intermaxillary arch
distances were obtained by measuring the transverse widths
between the first and second deciduous molars and the first
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Table 1—Demographic data for children with obstructive sleep apnea and age-matched nonsnoring controls.

Children with OSA (n = 42)

Sex, female, n (%) 21(50)

Nonsnoring Children (n = 19) p
6 (32) 0.011

Age, mean + SD, (range), y 4.7+2.1(2.0-10.8) 47+21(2.2-11.0) 0.375
Race, n (%) 0.589
White 18 (44) 11 (58)
Black 21 (49) 4 (20)
Other 3(7) 4(22)
BMI Z-score, mean + SD, (range), kg/m? 045+1.7 (-3.4t0-5.7) 0.37 £ 0.7 (-1.3 t0 -3.0) 0.755

Other race includes Hispanic, Asian, mixed race and those specified as “Other” in the medical record. BMI, body mass index; OSA, obstructive sleep apnea;

SD, standard deviation.

permanent molars. Widths were determined by measuring the
shortest distance from each molar’s palatal surface at the height
of the gingiva. In the event that a molar was absent from one
side of the dentition, intermaxillary distance was measured
from the side of a visible molar to the estimated location of the
contralateral side, using the midline as a point of symmetry.
All measurements were represented in millimeters. To deter-
mine palatal height, the depth of the palate was measured pos-
terior to the last molar. A straight-edge ruler was laid across
the palate contacting the gingival edge on opposing sides. The
vertical distance at right angles from this ruler to the palatal
apex in the midline was recorded. The palatal height was de-
termined as the farthest distance from the horizontal line to the
palatal apex. All dental measurements were repeated in dupli-
cate and the average taken.

Statistical Analyses

Categorical variables for normally distributed data were evalu-
ated using an analysis of variance test. A Kruskal-Wallis test
was used to analyze nonparametric data. Differences between
group means and normal data were evaluated with a ¢ test.

A power analysis was performed during the initial stages of
the project. Although the number of patients recruited to the
study was less than expected from the power study, the dif-
ference in measured parameters were large enough to reveal
significant differences between groups.

RESULTS

Sixty-one children (27 female, 44%) participated in our study;
42 (69%) had OSA and 19 (31%) were nonsnoring controls
(Table 1). The mean age of participants in both the experi-
mental and control groups was 4.7 y (standard deviation 2.1;
p = 0.38). Eighteen children with OSA (44%) and 11 nons-
noring controls (58%) were white (non-Hispanic Caucasian)
(p = 0.589). The BMI z-score was not significantly different
between children with OSA and control patients (0.45 + 1.7 vs.
0.37 £0.7; p = 0.755).

PSG and anthropometric data are presented in Table 2.
The mean oAHI for children with OSA was 4.1 + 4.8 events
per hour (Table 2). Waist circumferences were significantly
larger in children with OSA than in controls (58.9 + 14.7 vs.
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Figure 1—The metal tray used for collecting dental
impressions from both patients with obstructive sleep
apnea and nonsnoring control patients in order to measure
interdental distances and palatal height.

52.6 £ 5.3; p = 0.001, as were hip circumferences (61.8 £ 15.9
vs. 55.9 + 6.1; p = 0.001). The neck-waist ratio in children with
OSA was, however, significantly lower than in the controls
(0.47 £ 0.05 vs. 0.49 £ 0.06, respectively; p = 0.001). There
was no difference in either neck circumference (p = 0.892) or
waist-hip ratios (p = 0.450) between children with OSA and
nonsnoring controls.

In children with OSA, the intertooth distances for the first
and second deciduous molars and the first permanent molars
were significantly narrower than in nonsnorers (p < 0.001,
p=0.003, and p = 0.022, respectively) (Table 3). Palatal height
in children with OSA was not significantly different from that
in non-snorers (p = 0.449). However, there was no signifi-
cant difference in intertooth distances for the first deciduous
(p = 0.580), second deciduous (p = 0.613), and first permanent
molars (p = 0.606) between those with mild, moderate, or se-
vere OSA. A subgroup analysis of children by age revealed
significant differences in intertooth distances between chil-
dren with OSA and controls, regardless of whether children
were younger or older than 6 y. Although the study was not
powered for multiple comparisons, regression analyses were
carried out to examine the effects of sex and neck-waist ra-
tios on intertooth distances and palatal heights. Sex appeared
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Table 2—Anthropometric and polysomnographic data for children with obstructive sleep apnea and age-matched nonsnoring

controls.

Children with OSA (n = 42)
41+£48(0.1-134)
86.7 £ 9.0 (62-97)
27.3 £3.7 (21.8-42.5)
58.9 + 14.7 (40.2-109.9)
61.8 +15.9 (41.0-112.1)

0AHI, mean + SD, (range), events/hour
Saturation nadir, mean £ SD, (range), %
Neck Circumference, mean + SD, (range), cm
Waist circumference mean + SD, (range), cm
Hip circumference mean £ SD, (range), cm
Waist-hip ratio £ SD

Neck-waist ratio £ SD

0.95+0.04
0.47 £0.05

Nonsnoring Children (n = 19) p
211127 0.892
52.6 £ 5.3 (46.8-79.8) 0.001
55.9 £ 6.1 (50.0-80.1) 0.001
0.95+0.05 0.450
0.49 +0.06 0.001

0AHI, obstructive apnea-hypopnea index; OSA, obstructive sleep apnea; SD, standard deviation.

Table 3—Intertooth distances in children with obstructive sleep apnea and age-matched nonsnoring controls.

Nonsnoring All Children with
Children (n=19) OSA (n=42)
DB 1%t deciduous teeth £ SD, mm 26.7+9.0 251+24
DB 2" deciduous teeth + SD, mm 296+22 283+26
DB 1%t permanent teeth + SD, mm 33940 324428
Palate height + SD, mm 127+15 124 +£21

DB, distance between; OSA, obstructive sleep apnea; SD, standard deviation.

Mild OSA  Moderate OSA Severe OSA

P (n=18) (n=3) (n=20) P
<0.0001  250+25  266+36  247%20 0580
00002  284+27  301+43 28021 0613
0022  324+22  337+49  323%28 0606
0449 12015  121%11  129%25 0652

to have a significant effect on the first and second deciduous
intertooth distances, but had no effect on the molar intertooth
distances or palatal height. There did not appear to be a signifi-
cant effect from neck-waist ratios on any intertooth distances
or the palatal height. However, in light of the fact that we were
underpowered to assess this relationship, it is unclear if there
is a significant role for sex on intertooth distances.

DISCUSSION

This is the first study to report normative dental data through
the use of casting techniques. As anticipated, we found that
waist circumference and hip circumference were significantly
larger in children with OSA than in nonsnoring controls. In
addition, intertooth distances were significantly narrower in
children with OSA than in controls. Contrary to our expecta-
tions, however, there was no difference in neck circumference
or waist-hip ratio between the two groups, nor was there a dif-
ference in palatal height. Also, the neck-waist ratio in children
with OSA was significantly smaller than in controls.

Because of the significant expense and limited accessibility
of pediatric PSG, clinicians continue to search for alternatives
to diagnose OSA in children. In an effort to identify anthro-
pometric measurements that could be used to identify OSA, a
number of studies have examined these measurements in chil-
dren.**?"37 Several authors have reported findings consistent
with our data. In the Childhood Adenotonsillectomy (CHAT)
study, Chervin et al.’” found that mild to moderate OSA in chil-
dren managed with watchful waiting was more likely to re-
solve in patients with smaller waist circumferences. Although
children in our study were not followed longitudinally, those
with OSA were found to have a larger waist circumference.

Journal of Clinical Sleep Medicine, Vol. 12, No. 9, 2016

1282

Unlike the CHAT study, data reported by Katz et al.?” were
not consistent with our anthropometric findings. These authors
reported that neck-waist ratio was significantly higher in chil-
dren with OSA than in children without OSA.?” This discrep-
ancy could perhaps be explained by the fact that children who
participated in our study were substantially younger (mean
age of 4.7 y) than those who participated in the investigation
by Katz et al.”” (mean age of 12.1 y, range 7.0-17.9 y). More
specifically, given that physiologic differences in body fat dis-
tribution and anatomic proportions change with age, making
a direct comparison of findings between these two studies is
difficult. In addition, both groups of children had a mean neck-
waist ratio that was higher than the threshold of 0.47, which
Katz et al.?” suggested was associated with a higher incidence
of OSA; this limits the interpretation of this finding.

Regardless of age, we found that intertooth distances be-
tween first and second deciduous and first premolars were sig-
nificantly narrower in children with OSA than in nonsnorers.
These findings support the hypothesis that the narrower max-
illary width seen in children with OSA stems from a genetic
predisposition for OSA and is not a result of progressive nar-
rowing of the maxilla because of OSA.*® Our results contrast
with those reported in two longitudinal studies that demon-
strated widening of maxillary widths in children with OSA
after tonsillectomy and adenoidectomy.’®* However, larger
studies will be required to add significant weight to either of
these hypotheses. Similar to previous research,* children in
our study with OSA did not demonstrate a difference in palatal
height compared to nonsnorers. Although the role of various
dental measurements have been examined, the validity of pala-
tal height as a predictor of pediatric OSA is currently unknown.

Limitations of our study include the small sample size of the
control group. Because we matched children by age and many



of the screened children were snorers, our control group was
smaller than we anticipated. However, each nonsnoring patient
was matched 1:2 with a study group patient by age. Addition-
ally, we did not match on race or sex, as our evaluation of the
literature did not suggest that there were differences in chil-
dren based on these factors. Although there were no significant
differences in race between the study and control groups, there
were more females in the OSA group than in the control group;
these demographic factors may be uncontrolled confounders.
We suggest that future studies should include a larger sample
size, especially for the nonsnoring controls. This would en-
hance the value of normative baseline data and the generaliz-
ability of our findings. In some instances when children did not
have contralateral molars, intertooth distances were calculated
based on estimated location of the opposing molar. This could
yield an error in calculating the intertooth distances. Last, we
did not obtain PSG evaluations for nonsnoring controls, but
rather screened them clinically for snoring and signs of SDB.
Therefore, we cannot be certain that none of our controls had
SDB or OSA; however, even if there were children with SDB
in the control group, this would have led to regression to the
mean and made it less likely that we would see significant dif-
ferences between our study and control groups.

CONCLUSIONS

We found that anthropometric and dental measurements were
significantly different in children with OSA compared to non-
snoring controls. Specifically, we found that children with OSA
had larger waist circumference, larger hip circumference, smaller
neck-waist ratio, and narrower intertooth distances. However, no
significant difference was seen between palatal height in chil-
dren with OSA and nonsnoring controls. Future studies with a
larger sample size that controls for race and sex may allow us
to determine if these measurements can be used by clinicians to
identify children at risk for OSA and would be particularly valu-
able when overnight PSG is inaccessible or too costly.

ABBREVIATIONS

BMI, body mass index

CHAT, Childhood Adenotonsillectomy
DB, distance between

n, number

oAHI, obstructive apnea-hypopnea index
OSA, obstructive sleep apnea

PSG, polysomnography

SD, standard deviation

SDB, sleep-disordered breathing

Y, year
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