Original Article

Soft tissue growth of
the oropharynx

Michael Taylor, DDS, MSD; Mark G. Hans, DDS, MSD;
Kingman P.Strohl, MD, MPH; Suchitra Nelson, PhD;
B. Holly Broadbent, DDS

he orthodontic literature is full of reports
I on hard tissue growth of the craniofacial
complex, giving orthodontic clinicians an
appreciation for the usual pattern of bony change
in this area. However, with the exception of stud-
ies of the tonsils and adenoids, little information
has been published on the usual pattern of
growth and development of oropharyngeal soft
tissues.

Recently there has been renewed interest in the
soft tissues of the oral and nasal pharynx. This
increased interest stems from a potential relation-
ship between the size and shape of the oral/na-
sal airway and sleep disordered breathing

(SDB).>® In the last 5 years there has been an
enormous increase in the number of individuals
diagnosed with SDB. A recent study in the New
England Journal of Medicine reported that up to
10% of the adult male population may suffer
from SDB,’ and socially disruptive snoring is a
common occurrence in the adult population.”
The relationship between SDB and craniofacial
anatomy is not fully understood. However,
cephalometric analyses of patients in an upright,
standing position have demonstrated that pa-
tients with SDB differ from healthy controls. Spe-
cifically, the SDB subject has an enlarged tongue
and a soft palate that is positioned posteriorly
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at6, 9, 12, 15, and 18 years of age, for a total of 160 lateral cephalometric radiographs. All subjects were enrolled in the
Broadbent Bolton Study' and their radiographs were used to produce the Bolton Standard Templates.2 Each radiograph was
traced by hand and the tracings were paired and averaged to create a standard template for pharyngeal tissues at each age.
In addition, all 160 tracings were digitized and means and standard deviations were calculated for 29 hard and 7 soft tissue
measurements. Four linear (Ar-H,S-H,Go-H, Gn-H) and three angular (N-S-H, SN-ArH,GoGn-H) measurements demon-
strated that the hyoid bone descends and moves slightly anteriorly up to age 18. The soft palate (PNS-P) increased 1 mm
in length and 0.5 mm in thickness every 3 years after age 9. The distance between the anterior border of the atlas (ATA)
and PNS did not change after age 12, while two soft tissue measurements (PNS-pharyngeal wall [PhW2] and posterior soft
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Figure 1

Landmarks used for
assessment of airway
structures.
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Figure 1

and inferiorly.” A correlation between total pos-
terior displacement of the mandible (relative to
both size and position) and the number of ap-
neic episodes per sleep hour has also been re-
ported.’ Although there is disagreement with
regard to the size, shape, and position of the
maxilla and mandible, there is general agreement
that in subjects with SDB the oropharynx and
hypopharynx airway are often reduced in area
while the nasopharynx airway is often normal.”®
Another consistent finding is that the hyoid bone
is displaced inferiorly in individuals with
SDB.>'®" Jamieson et al. hypothesized that acute
cranial base flexure (<NSBa) leads to abnormal
development of the hypopharyngeal soft tissues
associated with lower position of the hyoid
bone."

Since these craniofacial characteristics have
been shown to be associated with SDB, it is im-
portant to determine the normal pattern of
growth for these structures. Previous studies
have shown that although hyoid bone position
is associated with head posture, there is a regu-
lar pattern of downward and slightly anterior de-
scent of the hyoid throughout the growth
period.’>®

Changes in adenoid tissue mass have also been
reported.’® This tissue develops rapidly after
birth, reaches its maximum size in early child-
hood, begins to regress around 8 to 10 years, and
is usually completely atrophied by 12 to 14
years.” However, similar studies on the effect of
growth on soft palate length or oropharyngeal
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dimensions have not been reported for a noncleft
sample.

In order to characterize growth related changes
in craniofacial hard and soft tissues, investiga-
tors need longitudinal standards for comparison.
Since the Bolton Sample has been used to char-
acterize “normal” hard tissue anatomy, it is logi-
cal that this sample may provide some basis for
comparison of soft tissue anatomy as well. The
purpose of this study was to evaluate the rela-
tionship between dentofacial skeletal growth and
growth of the surrounding pharyngeal soft tis-
sues in the Bolton Sample. Using the same meth-
odology that was used to create the Bolton
Standards, soft tissue standard templates for
pharyngeal tissues were produced. In particular,
changes in the soft palate and the posterior pha-
ryngeal wall were characterized.

Materials and methods

The sample consisted of 160 lateral cephalom-
etric radiographs obtained from the Bolton Study
archives at Case Western Reserve University.
There were 16 males and 16 females chosen for
each age group (6, 9, 12, 15, and 18 years). The
sample was drawn from the sample used to de-
velop the Bolton Standard Templates for
dentofacial development.? The soft tissue tem-
plate for each age was constructed following
published procedures.? Each radiograph was
traced and 37 cephalometric measurements were
taken. (See Figure 1 and Table 1.) Individuals
were grouped according to age and sex for sta-
tistical analysis. Paired t-tests were used to de-
tect differences based on sex. Because of the
multiple testing problem, Bonferroni correction
was applied and a P-value of 0.0135 was used to
assign statistical significance. No differences be-
tween males and females were found at 6, 9, or
12 years of age, so these groups were combined
to increase the size of the sample to 32. Means
and standard deviations were calculated for
pooled groups and are reported in Table 1. Some
differences were found at 15 and 18 years. The
means and standard deviations for males and
fermales are reported separately in Table 2. To
force the initial value for the graphs (Figures 2
to 4) through the origin, all values were normal-
ized by subtracting the initial value at age 6 from
the value at each of the subsequent ages (i.e.,
value at age 9 minus value at age 6, value at age
12 minus value at age 6, etc.).

Results

The average soft and hard tissue tracings at
each age, superimposed on the Bolton plane and
registered at R point, are compared two at a time -
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Table 1
Means and standard deviations for all variables measured

Age 6 9 12 15 18

Variable Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
N-A(mm) 483 23 53.0 2.6 56.2 25 59.2 3.7 61.0 4.1
N-B(mm) 80.1 4.0 86.0 3.4 91.3 41 96.1 5.0 98.8 6.0
S-N(mm) 648 24 67.5 2.7 69.6 2.7 71.6 3.2 72.7 3.9
PM-PNS(mm) 226 1.7 24.9 1.8 26.7 2.1 28.7 2.5 29.7 2.3
ANS-PNS(mm) 473 1.8 50.4 1.6 52.9 2.2 55.4 2.6 56.7 3.0
ATA-PNS(mm) 311 3.0 32.4 34 33.0 3.6 33.0 3.9 32.7 4.2
ANS-B(mm) 38.0 34 39.7 2.7 41.8 3.6 43.4 3.8 449 4.2
A-B(mm) 322 32 33.2 24 35.4 2.6 37.1 2.9 38.0 3.2
A-GN(mm) 486 3.0 50.7 3.1 53.7 3.0 57.3 3.7 58.8 4.0
GO-PNS(mm) 345 23 37.2 2.4 39.5 2.8 42,5 3.7 45.1 4.2
GO-B(mm) 609 24 65.6 29 68.5 3.3 72.4 3.8 73.5 4.0
PNS-B(mm) 529 26 56.1 2.4 59.9 2.6 63.9 28 65.5 3.8
GO-H(mm) 26.7 44 29.8 4.8 32.9 4.8 35.4 6.3 37.6 6.0
GN-H{mm) 37.0 48 415 52 42.8 5.1 47.2 5.3 49.0 47
PhW5-H(mm) 246 2.7 25.5 2.7 27.5 2.8 30.1 3.7 31.1 4.7
AR-H(mm) 59.7 48 65.7 5.3 72.5 5.2 79.4 7.9 84.6 7.9
S-H(mm) 80.3 53 88.9 6.2 96.7 57 105.5 8.0 111.8 9.4
PNS-PhW2(mm) 19.3 438 23.4 3.4 23.6 3.7 25.3 3.1 25.6 3.3
PNS-AR(mm) 323 28 34.8 24 36.1 24 37.4 2.8 38.6 34
SP1-SP2(mm) 78 12 8.1 1.2 8.6 1.1 9.2 1.6 9.8 1.4
PNS-P(mm) 284 29 28.8 3.8 30.7 24 319 32 32.9 3.0
Psp-PhW3(mm) 82 24 9.5 2.3 9.6 22 10.5 3.0 111 29
P-PhW4(mm) 9.8 2.5 10.6 2.4 10.7 2.0 11.7 3.0 12.2 2.9
GO-GN(mm) 61.8 26 67.8 3.0 71.3 3.1 76.2 3.9 78.3 4.5
AR-GO(mm) 364 22 38.8 2.0 425 3.1 46.9 3.1 49.8 3.6
S-GO(mm) 614 3.0 66.7 35 71.9 4.4 77.9 4.4 81.8 5.8
GO-PhW1(mm) 52 3.2 5.0 3.4 5.1 3.1 54 3.0 55 3.3
S-N-A(deg) 823 33 82.0 3.1 82.3 25 83.1 27 83.8 24
S-N-B(deg) 785 29 78.8 2.7 79.2 25 80.6 2.4 81.1 2.6
S-N:AR-GO(deq) 828 4.2 83.4 4.2 83.5 4.2 84.0 4.3 84.1 4.3
ANS-PNS:GO-GN(deg) 25.2 33 239 3.0 22.8 3.3 21.7 3.6 20.4 4.1
GO-GN-H(deg) 10,0 7.0 14.1 6.3 16.1 6.2 18.6 7.0 21.0 7.6
N-S-H(deg) 83.7 341 85.9 3.1 86.1 2.8 86.8 3.3 86.7 3.3
S-N:GO-GN(deg) 324 33 31.6 3.0 31.1 3.2 30.0 3.2 28.8 37
S-N:AR-H(deg) 67.5 3.8 69.6 4.0 70.0 3.8 71.6 42 72.3 4.3
AR-GO-GN(deg) 1296 3.8 128.2 4.2 127.5 4.4 126.0 4.4 124.7 4.3

in Figures 5 to 8. These drawings graphically il-
lustrate the relative changes in hard and soft tis-
sues from 6 to 18 years of age.

The results of the quantitative analysis showed
that the majority of skeletal linear measurements
increased with time. The rate of increase usually
slowed between 15 and 18 years. The exception
was the measurement between the anterior bor-
der of the atlas (ATA) and the posterior nasal
spine (PNS). This measurement showed a slight

decrease in distance after 12 years (see Figure 3).
Most of the linear measurements that included
the hyoid bone demonstrated patterns similar to
those reported for fixed skeletal points, i.e., an
increase in distance from 6 to 12 years followed
by a gradual reduction in the rate of increase be-
tween 15 and 18 years (see Figure 3).
Measurements that included the posterior pha-
ryngeal wall showed patterns that were differ-
ent than those seen for skeletal measures.
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Figure 2 Posterior pharyngeal wall measurements Psp-PHW3, P-PhW4) show a great deal of simi-
Graph  comparing showed an increase between the ages of 6 to 9 larity. All three increase from 6 to 9 years, level
means for selected lin- years and 12 to 15 years. These same measures off between 9 and 12 years, increase again be-
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Change in hyoid posi-
tion with time.

Figure 4

Graph comparing the
measurements through
the posterior pharyn-
geal wall.
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Discussion

After age 12, the mean values for the measure-
ment from atlas (ATA) to posterior nasal spine
(PNS) did not increase (Figure 2 and Table 1).
This may be due to continued increase in the
length of the palatal plane (ANS-PNS) and the
increase in size of the atlas after age 12. This find-
ing indicates that the bony pharynx may not in-
crease in dimensions after the pubertal growth
spurt.

The change in position of the hyoid bone rela-
tive to various cephalometric points over time
can be directly related to bony skeletal growth.
The graphic pictures of these two phenomena
coincide extremely well. Both show an increase
in the distance between various cephalometric
points continuing through age 18. These results
confirm those of previous studies on hyoid po-
sition.’*%2 There is a downward and slightly for-
ward descent of the hyoid even though the
mandibular plane angle decreases. Forward
translation of the mandible probably contributes
to the forward positioning of the hyoid bone,
while growth of the cervical vertebrae contrib-
utes to hyoid bone descent. Because the hyoid is
anatomically suspended between the mandible
and cervical vertebrae, hyoid position moves for-
ward and downward. These results highlight the
importance of using age-matched controls for
comparison of hyoid bone position between
sample groups.

In Figure 4, the changes that occurred over time
for three soft tissue measurements (PNS-PhW2,
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ments is represented at one end by a point that
intersects the posterior pharyngeal wall. These
measurements are affected by growth and atro-
phy of the tonsils and adenoids as well as by sur-
gical removal of these structures. The adenoids
develop rapidly after birth, begin to involute at
about 8 to 10 years, and have usually completely
atrophied by 12 to 14 years.

The cephalometric point PhW2 is created by the
intersection of the posterior pharyngeal wall
with a line drawn through ANS and PNS, which
puts it in the same area as the adenoid mass. The

“cephalometric points PhW3 and PhW4 are usu-

ally very close to one another along the poste-
rior pharyngeal wall and are located distal to the
adenoid mass. The measurements to PhW3 and
PhW4 originate from the distal portion of the soft
palate adjacent to the palatine tonsils. Eleven of
the 32 subjects had tonsils and adenoids re-
moved prior to age 6, seven others reported miss-
ing tonsils and adenoids by age 9, and six more
had surgery by age 15.

Using the information above, the graphic pat-
terns in Figure 4 may be interpreted as follows.
Three factors alone or in combination may ac-
count for the increase in airway size from 6 to 9
years (PNS - PhW?2). First, the surgical removal
of adenoid tissue; second, the continued growth
of the pharynx; and third, the onset of adenoi-
dal regression around age 8. In addition, the in-
creased linear dimension between 6 and 9 years
could be explained by a prepubertal growth
spurt often seen around age 7.*' There is a slight
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Table 2
Male and female descriptive statistics

Age 15 18
Gender Female Male Female Male

Mean SD Mean SD Mean SD Mean SD
N-A(mm) 56.8* 2.8 61.6* 3.0 58.2* 2.7 63.8* 3.4
N-B(mm) 93.5* 4.0 98.6* 4.7 94.8* 3.9 102.8* 5.0
S-N(mm) 69.7* 2.2 73.6* 2.7 70.0* 3.0 75.4* 2.7
SR-PNS(mm) 281 22 292 28 291 15 303 29
ANS-PNS(mm) 542 24 56.6* 2.3 55.0* 29 58.4* 21
ATA-PNS(mm) 319 33 341 43 31.2* 36 34.2* 43
ANS-B(mm) 428 43 440 33 435 3.8 46.3 43
A-B(mm) 369 29 37.3 3.0 36.7° 2.0 39.3* 3.7
A-GN(mm) 56.3 3.1 58.4 3.9 56.7* 2.9 60.8* 3.9
GO-PNS{mm) 413 34 437 3.6 42.9* 34 47.3* 3.9
GO-B(mm) 70.6* 3.1 742* 3.5 70.9* 3.0 76.2* 3.1
PNS-B(mm) 63.1 28 648 2.7 63.3* 3.0 67.7* 3.2
GO-H(mm) 32.2* 56 38.5* 5.5 33.9* 47 41.3* 48
GN-H(mm) 479 48 46.4 5.8 485 5.6 49.4 3.8
PhW5-H(mm) 27.4* 20 32.7* 3.2 276 25 34.6 3.7
AR-H(mm) 75.5* 7.3 83.3" 6.6 78.7* 47 90.6* 5.8
S-H(mm) 100.9* 64 110.1* 6.9 104.9* 5.6 118.7* 71
PNS-PhW2(mm) 251 33 255 3.0 252 32 26.0 33
PNS-SR(mm) 281 22 292 28 291 15 303 29
PNS-AR(mm) 357 1.4 39.1* 2.9 36.7 2.0 40.6* 3.5
SP1-SP2(mm) 86 15 98" 15 9.2* 15 104" 1.0
PNS-UT(mm) 32.0 37 318 27 321 25 337 33
UP-PhW3(mm) 98 31 113 28 10.7 28 115 3.2
UT-PhW4(mm) 109 3.1 125 28 11.7 25 128 33
GO-GN(mm) 74.3* 31 78.1* 3.7 75.4* 3.7 81.2* 3.1
AR-GO(mm) 46.0 3.2 477 28 47.5* 27 52.1* 2.8
S-GO{mm) 75.8* 3.9 79.9* 441 78.0" 4.4 85.5* 4.7
GO-PhW1(mm) 57 26 51 34 54 28 55 3.8
S-N-A(deg) 83.0 21 83.1 3.2 838 1.9 83.7 28
S-N-B(deg) 81.1 1.8 80.2 29 812 1.9 80.9 3.2
S-N:AR-GO(deg) 84.1 3.9 83.8 48 842 38 839 49
ANS-PNS:GO-GN(deg) 21.7 3.2 216 41 210 28 19.8 5.1
GO-GN-H(deg) 170 6.9 202 6.9 - 185 6.8 235 7.8
N-S-H(deg) 873 27 86.3 3.9 872 3.2 86.3 34
S-N:GO-GN(deq) 297 26 303 37 290 28 286 44
S-N:AR-H(deg) 725 3.5 70.8 4.8 727 45 719 4.2
AR-GO-GN(deg) 1255 4.2 126.5 4.7 1248 4.3 1247 4.4
* P<=0.05 for males and females

increase in the mean value for this linear mea-
surement from 9 to 12 years, followed by another
significant increase in mean value from 12 to 15
years. ’

The increase from 12 to 15 years is probably due
to a combination of three factors. First, and prob-
ably most important, this time period encom-
passes the pubertal growth spurt. Second, it is
during this time period that one sees complete
adenoid regression. Third, 24 of the 32 individu-

als studied had tonsillectomies and adenoidec-
tomies by age 15. The increase from 12 to 15 years
was followed by a more subtle increase from 15
to 18 years.

The other two measurements, one from the
posteriormost point on the soft palate (Psp) to
posterior pharyngeal wall (PhW3) and one from
the tip of the soft palate (P) to the posterior pha-
ryngeal wall (PhW4), do not fall in the direct vi-
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Figure 5

Figure 5
Averaged tracings for
6 and 9 years, super-
imposed on the Bolton
plane and registered at
R point.
Figure 6
Averaged tracings for
9 and 12 years, super-
imposed on the Bolton
plane andregistered at
R point.
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Figure 6

cinity of the adenoid tissue, so it is interesting
to find increases between ages 6 and 9 years as
well as between 12 and 15 years. It is likely that
such increases are the result of normal growth
in the oropharyngeal area during these time pe-
riods. The mean values for the measurements
from Psp to PhW3 and from P to PhWw4 also
show a leveling between 9 and 12 years and be-
tween 15 and 18 years. This pattern is similar to
that seen for measurements of the nasopharynx.
Limitations of the study findings

The findings of this study are limited because
over half of the children in the sample had their
tonsils and adenoids removed during the study.
Therefore, some of the changes in soft tissue
morphology of the posterior pharyngeal wall are
likely to be due to surgical intervention. The
other major limitation of all cephalometric stud-

Vol. 66 No.5 1996

ies is the representation of three-dimensional
structures on a two-dimensional radiograph.
However, if these two limitations are kept in
mind the clinician can still use the data presented
to estimate normal soft tissue anatomy.

Summary and conclusions

1. The results of the linear measurements from
one fixed skeletal point to another were similar
to those from previously published data.>*?

2. The distance from the atlas (ATA) to the pos-

terior nasal spine (PNS) did not increase after age

12.

3. The measurements to the hyoid bone (H)
showed increasing distances between the hyoid
and various cephalometric skeletal points over
time.
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Figure 7

4. The hyoid has a somewhat predictable de-
scent relative to various cephalometric points
throughout the growth period.

5. The soft tissue measurements through the
posterior pharyngeal wall showed a greater rate
of change between 6 to 9 years and 12 to 15 years
compared with those observed from 9 to 12 and
15 to 18 years.
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Figure 7

Averaged tracings for
12 and 15 years, su-
perimposed on the
Bolton Plane and reg-
istered at R point.
Figure 8

Averaged tracings for
15 and 18 years, su-
perimposed on the
Bolton Plane and reg-
istered at R point.
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