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The purpose of this study was to evaluate changes in nasal resistance to ajrflow in persons undergoing 
rapid maxillary expansion and to reevaluate the responses at a l-year follow-up. Nasal resistance 
measurements, assessed in four modes (natural state, anterior nares dilation with Tygon tubing, 
following administration of decongestant, and nares dilation with tubing and decongestant), were 
taken on a group of 38 patients receiving rapid rhaxillary expansion and compared with a control 
group not receiving expansion. Thirty-three of the patients were reevaluated 9 to 12 months after 
expansion was completed. Eighteen subjects in the control group were also reevaluated. Oral/nasal 
airflow rates (percent nasality) were recorded for the control group and for some of the expansion 
patients. Results indicated that some subjects receiving rapid maxillary expansion had a significantly 
higher nasal resistance than the control group. There was a significant median reduction in nasal 
resistance following rapid maxillary expansion, measured in the natural state only, and this appeared 
to be stable up to 1 year after maximum expansion was obtained. Rapid maxillary expansion 
appeared to effect an expansion at the anterior nares, which contributes to nasal resistance reduction. 
Individual variation in nasal resistance values was considerable and hence the median response 
#or the group was not a reliable estimate of individual response. Due to the high individual response 
variability, rapid maxillary expansion is not a predictable means of decreasing nasal resistance. 
(AM J ORTHOD DENTOFAC ORTHOP 1987;92:381-9.) 

E xpansion of the midpalatal suture has be- 
come an accepted procedure for the treatment of max- 
illary constriction and associated arch length discrep- 
ancies. The concept of maxillary expansion has been 
extended to the nasal cavity as previous studies have 
suggested that with expansion, increases in nasal width 
and volume are obtained.14 Thus, it is commonly held 
that maxillary expansion diminishes resistance to nasal 
airflow. 

Controversy over the role of respiration in the cause 
of malocclusion has spurred interest in the use of rapid 
maxillary expansion (RMR) to enhance nasal respira- 
tion. In particular, the “long-face syndrome” or “ade- 
noid facies” has been assumed to originate from mouth 
breathing due to high nasal resistance to airhow.5-7 
Other studies disputing this have indicated that impaired 
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respiratory function can be found in patients with a 
variety of facial types.‘-” Facial characteristics asso- 
ciated with mouth breathing have been stated to include 
a retrognathic mandible, proclined maxillary incisors, 
high V-shaped palatal vault, a constricted maxillary 
arch, flaccid and short upper lip, flaccid perioral mus- 
culature, and a somewhat dull appearance resulting 
from a constant open-mouthed posture. ‘* 

To date, attempts to establish a cause-and-effect 
relationship between nasal obstruction and dentofacial 
form have proved to be equivocal. Normal nasorespir- 
atory function has not been adequately defined and, 
despite claims to the contrary, the extent to which den- 
tofacial form may be influenced by respiratory mode is 
unclear. The controversy has been largely due to the 
inability to quantify nasal obstruction and to determine 
the mode of breathing objectively. 

Yet another problem impeding the objective study 
of the respiratory effects of RME is the lack of docu- 
mented correspondence between increments of dental 
arch expansion and the associated changes in the min- 
imum effective cross-sectional area of the nasal airway. 
Arch expansion is the sum of dentoalveolar movement, 
which may comprise both tipping and bodily displace- 
ment, and the orthopedic relocation of components of 
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Fig. 1. Median nasal resistance for the expansion group: Tl to 
T2. Note: medians are displayed but statistical significance 
levels are based on ranking of subjects in each group. There- 
fore, the median values may appear to be misleading. “P” values 
for nonparametric statistical tests are shown (* = P : 0.05; 
** = P < 0.01; l ** = P < 0.001). 

Fig. 2. Median nasal resistance for the expansion group: Tl 
to T3. 

RME has been advocated by somez’5.‘3 for both dental 
and rhinologic purposes in the belief that clinically sig- 
nificant reductions in nasal resistance to airflow occur 
predictably. the nasal cavity. Although it is relatively easy to mea- 

sure intermolar or intercanine width changes, these can- 
not be extrapolated to yield valid information on airway 
dimensions. The tortuous configuration of the airway 
and the superimposition of structures render posteroan- 
terior cephalograms suspect for mensuration of the area 
of greatest constriction in the nose. 

Most, if not all, authors fail to consider the corre- 
lation among “mouth breathing,” nasal resistance, and 
actual measured oral/nasal ah-how rates. The “lips apart 
posture, ” “adenoid facies” appearance, and nasal re- 
sistance values cannot in themselves be used to ade- 
quately assess breathing as being totally nasal, oral, or 
something in between. Despite this, both diagnostic and 
treatment recommendations are often made on the basis 
of these criteria. 

According to Warren,‘* clinical impressions and pa- 
tients’ subjective impressions of nasal airway impair- 
ment do not consistently correlate with objective mea- 
sures of airway resistance. Much of the confusion is 
caused by the lack of a precise definition of “mouth 
breathing.” Does this equate with total absence of nasal 
breathing or is it a combination of oral and nasal breath- 
ing with the oral component predominating? Is there a 
critical upper limit of nasal resistance for any individual 
that causes a switch from predominantly nasal to pre- 
dominantly oral breathing? Is there a causal association 
between oral respiration and growth pattern? These are 
questions that need to be resolved if precise and clin- 
ically useful concepts are to be developed. 

Procedures such as nasopharyngeal surgery, allergy 
treatment, and RME continue to be advocated to elim- 
inate the effects of nasal obstruction on facial form. 

Several investigators2,3.s.‘4.‘5 have studied the effects 
of RME and reported decreases in nasal resistance fol- 
lowing treatment. Wertz,14 however, could not justify 
expansion unless an obstruction was present in the an- 
teroinferior aspect of the nose, the area most affected 
by maxillary expansion. Following RME, Hershey, 
Stewart, and Warren” found a significant mean decrease 
(45%) in nasal resistance. Their patients were reeval- 
uated 1 year following treatment16 and the decreases in 
nasal resistance were found to be stable. 

The purpose of our study was to measure the nasal 
airway resistance of patients before and after RME, and 
to reevaluate the response 9 to 12 months after treat- 
ment. Our specific aims were to address the following 
questions: 

1. Does RME contribute to a decrease in nasal re- 
sistance? Are differences still apparent 9 to 12 
months after treatment? 

2. How variable is individual response to 
treatment? 

3. How may clinicians predictably identify those 
patients who might benefit from RME in terms 
of reductions in nasal resistance? 

MATERIALS AND METHODS 

The treatment sample consisted of 38 patients who 
were to have RME for orthodontic indications. Pres- 
sure/flow data were obtained for these persons just be- 
fore (Tl) and within 1 week following RME (T2). This 
group ranged in age from 7.5 to 22.33 years with a 
median age of 11.75 years. Thirty-three of these pa- 
tients were reevaluated 9 to 12 months following ex- 
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Fig. 3. Median nasal resistance compared for the control group 
(Tl) and expansion group (Tl). 

pansion (T3). No patients were excluded on the basis 
of age and RME was accomplished with either a banded 
or bonded expansion device. A control group of 24 
subjects was also tested. This group ranged in age from 
8.3 to 14.7 years with a median age of 12.00 years. 
Eighteen of these subjects were reevaluated at T3. 

Resistance determination was performed using the 
Perci IIC.* The Simultaneous Nasal and Oral Respi- 
rometric Technique (SNORT) apparatus, first described 
by Gurley and Vig17 and subsequently modified by Keall 
and Vig , I’ was also used to obtain oral and nasal airflow 
values for the control group (‘I’1 , T3), and for some of 
the subjects in the expansion group (T3 only). The 
calculation of nasal resistance during nasal respiration 
was determined from the parameters of pressure and 
airflow as described by Warren.” Resistance values 
were obtained at a flow rate of 250 cclsec. 

For subjects tested with SNORT, continuous mon- 
itoring and recording of airflow through the nose and 
mouth during inhalation and exhalation were per- 
formed. Nasal respiratory pressure/flow data (nasal re- 
sistance) were recorded with both the Perci IIC and 
SNORT for the control group. This was done to verify 
that the nasal resistances obtained were comparable for 
the two instruments. 

Four experimental conditions (modes) were used for 
both resistance and oral/nasal airflow determinations: 

1. Natural (normal) respiration 
2. Respiration with dilation of the nares using Ty- 

gon tubing of appropriate size 
3. Respiration 5 minutes after administration of a 

nasal decongestant spray (0.25% Neo-Syneph- 
rine hydrochloride) 

*Microtronics Corp., Carrboro. N.C. 
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Fig. 4. Median nasal resistance compared for the control group 
(Tl) and expansion group (T2). 

4. Respiration following use of the nasal decon- 
gestant combined with nares dilation 

Statistical considerations 

Both the expansion and control groups were skewed 
with respect to nasal resistance values. For this reason 
nonparametric tests (Wilcoxon’s signed rank test and 
Mann-Whitney rank sum test) were used to make com- 
parisons within and between each sample and among 
the three time periods to test the hypothesis of no treat- 
ment response. An alpha level of 0.05 was set and 
Bonferonni’s correction for statistical significance was 
applied when appropriate (where multiple comparisons 
were made). 

RESULTS 

Comparisons are presented between groups (treat- 
ment versus control), over time, between subgroups, 
and for all four experimental conditions. Intra-individ- 
ual variation for nasal resistance was high for all modes 
and time periods tested, and averaged approximately 
2 0.5 cm H20iLlsec for the entire group. This should 
be emphasized because some of the differences seen 
between modes or between time periods were within 
the range of individual variation and thus should not 
be considered as representing clinically or physiologi- 
cally significant changes. 

I. Differences in nasal resistance within each 
time period 

For the expansion group, significant reductions in 
nasal resistance were obtained (for all three time pe- 
riods) when comparing the natural state to the tube- 
assisted, spray- (decongestant) assisted, or spray- and 
tube-assisted modes. For the control group, significant 
reductions in nasal resistance were also seen with the 
spray-assisted, and spray- and tube-assisted modes at 
TI and T3. However, reductions were significant with 
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Fig. 5. Median nasal resistance for the expansion group: “lo” 
versus “hi.” Subgroups are compared at Tl , T2, and T3. Fig. 6. Median nasal resistance for the “lo” expansion subgroup: 

Tl to T2, Tl to T3. 

the tube-assisted mode only at T3. Nasal resistance for 
this group actually increased slightly at Tl with the use 
of tubes. For both treatment and control groups, the use 
of spray and tubes together did not significantly reduce 
nasal resistance more than tubes or spray alone within 
each time period. 

II. Differences in nasal resistance among 
time periods 

Significant decreases in nasal resistance were found 
from Tl to T2 only for the natural state and for the 
tube-assisted mode. See Fig. 1. Interindividual varia- 
tion was very high for all modes tested. Since intra- 
individual variation averaged + 0.5 cm H20/L/sec, de- 
creases or increases in nasal resistance of this magnitude 
cannot be considered significant. Therefore, significant 
decreases in nasal resistance were found for 65% of the 
subjects for the natural state, 56% for the tube-assisted 
mode, 39% for the spray-assisted mode, and 35% for 
the spray- and tube-assisted mode. This also means that 
for the above four experimental conditions, 35%, 44%, 
61%, and 65% of the subjects, respectively, did not 
show significant decreases (and may in fact have had 
increases) in nasal resistance following expansion. This 
variability is an indication of the unpredictable response 
on an individual or clinical basis. 

Significant decreases were found in all modes from 
Tl to T3. See Fig. 2. Inter-individual variation was 
also high between Tl and T3, although not as great as 
that found between Tl and T2. This represents signif- 
icant decreases in nasal resistance for 72% of the sub- 
jects in the natural state, 56% for the tube-assisted 
mode, 63% for the spray-assisted mode, and 50% for 
the spray- and tube-assisted mode. From T2 to T3, 
statistically significant decreases in nasal resistance 
were found only for the spray-assisted and spray- and 
tube-assisted modes. 

Inter-individual variation in the control group was 

also high from Tl to T3 and significant decreases were 
seen for the tube-assisted, spray-assisted, and spray- 
and tube-assisted modes, but not for the natural con- 
dition. 

III. Comparison of the expansion and 
control groups 

Nasal resistance values for the expansion group at 
Tl showed a significant difference from resistance val- 
ues for the control group at Tl only for the natural state. 
A comparison of resistance values for the expansion 
group following the expansion at T2, with the values 
of the control group at Tl, showed no significant dif- 
ferences between the two groups. See Figs. 3 and 4. 
At T3 there were also no significant differences between 
the groups. 

IV. Identification of two subgroups in the 
expansion group 

Two subgroups were identified within the expansion 
group at Tl for nasal resistance in the natural state. A 
“lo” resistance subgroup comprised subjects with initial 
resistances less than or equal to 5.5 cm H20/L/sec and 
a “hi” resistance subgroup comprised subjects with ini- 
tial resistances greater than 5.5 cm H20/L/sec. 

A. Comparison of “lo” and “hi” subgroups within 
each time period. At the initial time (Tl), there was a 
significant difference between the “lo” and “hi” 
subgroups for only the natural state and for the tube- 
assisted mode. The two subgroups were not signifi- 
cantly different for either the spray-assisted or spray- 
and tube-assisted modes. After maximum expansion 
(T2), the differences between the “lo” and “hi” 
subgroups were not significantly different for either the 
natural state, tube-assisted, or spray- and tube-assisted 
mode. However, there was a moderately significant dif- 
ference between the subgroups for the spray-assisted 
mode, with the “hi” subgroup remaining somewhat 
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higher than the “lo” subgroup. At the follow-up period 
(T3), differences between the two subgroups were only 
significantly different for the natural state, with the 
nasal resistance for the “hi” subgroup remaining above 
that of the “10” subgroup. See Fig. 5. 

B. Comparison of “lo” and “hi” subgroups between 
time periods. For the “lo” subgroup, there was no sig- 
nificant difference found in nasal resistance for any 
mode tested from Tl to T2. Also from Tl to T3, this 
subgroup did not show significant differences in nasal 
resistance for the natural state or tube-assisted modes, 
but did exhibit significant decreases in the spray-as- 
sisted and spray- and tube-assisted modes. See Fig. 6. 

For the “hi” subgroup, a significant decrease in nasal 
resistance was observed in the natural state and tube- 
assisted modes from Tl to T2, but differences were not 
significantly different for the spray-assisted or spray- 
and tube-assisted modes. From Tl to T3, there were 
highly significant differences observed for all experi- 
mental conditions except for the spray- and tube-as- 
sisted mode. See Fig. 7. 

C. Comparison of each subgroup with the control 
group. Comparison of resistance values for the control 
group at Tl with the “lo” expansion subgroup at Tl 
showed a significant difference only with the tube-as- 
sisted mode (the control group actually had a higher 
median resistance value than the “lo” subgroup with 
the tubes). There were no significant differences be- 
tween the resistance values for the control group at Tl 
and the “lo” subgroup following expansion (T2) or at 
the 9- to 1Zmonth follow-up (T3). 

Comparison of resistance values for the control 
group at Tl with the “hi” expansion group at Tl showed 
significant differences for the natural state and tube- 
assisted modes, but no significant differences for the 
spray-assisted and spray- and tube-assisted modes. Re- 
sistance values were not significantly different between 
the control group at Tl and the ‘*hi” subgroup following 
maximum expansion (T2) for all experimental modes. 
However, at T3 resistance values for the “hi” expansion 
subgroup continued to be significantly higher than those 
for the control group for the natural state and tube- 
assisted modes. 

V. Comparison of the boys versus girls. Within each 
time period, there was no significant difference in nasal 
resistance values between the boys and girls in either 
the expansion or control groups. However, differences 
were apparent when time periods were compared for 
each group separately. Only the girls showed a signif- 
icant decrease from Tl to T2 for the natural state, 
whereas the group of boys demonstrated a significant 
decrease only from ‘I 1 to T3. Neither the boys nor girls, 
when considered separately, showed significant de- 
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MODES 

Fig. 7. Median nasal resistance for the “hi” expansion subgroup: 
Tl to T2, Tl to T3. 

creases in nasal resistance for the spray-assisted mode 
from Tl to T2. Note: data for all subjects are available 
in Hartgerink. ” 

DISCUSSION 

Our results indicate that RME may decrease nasal 
resistance in some persons and, on average, this effect 
appears to be stable within a l-year period. It has been 
suggested that growth and development may also have 
an effect on decreasing nasal resistance. The findings 
showed a slight but insignificant median decrease in 
nasal resistance for the natural state, but a significant 
decrease for the spray-assisted mode in the control 
group from Tl to T3, which may be attributable to the 
effects of maturation. 

Age-related decreases in nasal resistance (of ap- 
proximately 0.1 cm H20/L/sec per year) have previ- 
ously been reported by other authors.“.” Growth does 
appear to decrease nasal resistance, but over a l-year 
period this effect is very small. These findings are sup- 
ported by Melsen,23 who has shown internal resorption 
of the bony nasal cavity occurring up to age 15. This 
involves growth of the facial skeleton with accompa- 
nying increases in width and area of the nasal cavity, 
and may be a factor contributing to a decrease in nasal 
resistance. The high forces resulting from rapid max- 
illary expansion probably also induce remodeling of the 
bones of the nasal cavity in addition to that occurring 
with growth.‘4 Atrophy of lymphojd tissue during de- 
velopment is also thought to contribute to decreases in 
nasal resistance.” 

Effect of rapid maxillary expansion and 
experimental condltlons on nasal rwistance 

Comparison of the expansion group with the control 
group showed that patients receiving RME for ortho- 
dontic purposes had a much higher median nasal resis- 
tance than those not receiving RME. The decrease in 
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nasal resistance in the expansion group from Tl to T2 
(Fig. 1) indicates that, on the average, RME contributes 
to reductions in nasal resistance. However, individuals 
do not necessarily respond according to group norms 
and a high degree of inter-subject variation was evident. 
Approximately 35% of the sample either increased or 
stayed approximately the same from Tl to T2 for the 
natural state, indicating that RME did not affect their 
nasal resistance. Part of this variation may be due to 
the transient effects of the soft tissues of the nasal cavity 
and includes cyclic swelling of nasal mucosa, nasal 
polyps, mucosal hyperplasia, allergic rhinitis, and in- 
fectious swelling of the nasal cavity.26-28 

Two subgroups could be identified within the ex- 
pansion group. One subgroup (“lo”) showed little 
change in nasal resistance values following RME, 
whereas the other subgroup (“hi”) showed substantial 
decreases in basal resistance following RME. Those 
persons who showed little change, or even increased 
nasal resistance, tended to have much lower nasal re- 
sistance values in the natural state initially (generally 
less than or equal to 5.5 cm H20/L/sec) than those 
who showed decreased nasal resistance following ex- 
pansion. 

It is interesting to note that this value (5.5 cm 
H20/L/sec) was found to be compatible with predom- 
inantly nasal breathing as quantified with the SNORT 
apparatus. Several persons were identified who dem- 
onstrated 80% to 100% nasal breathing despite a nasal 
resistance of 5.5 cm H20/L/sec. A separate study test- 
ing associations between nasal resistance and oral/nasal 
ratios has now been completed.29 Our findings disagree 
with the contentions of Watson, Warren, and Fischer.” 
They classified nasal resistance as high if greater than 
or equal to 4.5 cm H20/L/sec and low if less than that 
value (measured at flow of 0.5 Lisec). Their “critical” 
value of 4.5 cm H20/L/sec was selected because they 
believed that “clinically observable mouth breathing is 
more consistent above this level than below it.” How- 
ever, their assessment of “mouth breathing” involved 
only a subjective evaluation by an otorhinolaryngolo- 
gist. In our study, by means of the SNORT apparatus, 
we quantified oral/nasal airflow ratios and confirmed 
predominantly (> 80%) nasal breathing at resistance 
values of 5.5 cm H20/L/sec. 

The much greater and highly significant reduction 
in nasal resistance of the “hi” expansion subgroup, as 
compared with the “lo” subgroup between Tl and T2, 
seems primarily attributable to RME. Resistance de- 
creases of such magnitude cannot be ascribed to growth 
and development alone because no such changes oc- 
curred in the control group. 

The traditional explanation for the influence of RME 
on nasal resistance is based on the lateral separation of 
the walls of the nasal cavity, which occurs concurrently 
with dental arch expansion. Increasing the distance be- 
tween the lateral walls of the nasal cavity and the nasal 
septum may decrease nasal resistance by enlarging the 
cross-sectional area of the nasal passage to facilitate 
breathing. This may be similar to the effect seen with 
growth and development, but with a more rapid and 
immediate effect. Binasal width (between the lateral 
walls of the nasal cavity) was not measured in this study. 
However, Turbyfill16 could not demonstrate a significant 
correlation between decreases in nasal resistance during 
expansion and increases in lower binasal width, and 
concluded that the various other factors that determine 
nasal resistance obscure any demonstrable linear cor- 
relation. 

In his study of RME, Wertz30 showed that the great- 
est expansion occurs at the lower anterior portion of 
the nasal cavity. Consequently, he maintained that nasal 
airway conductance would not be increased by rapid 
maxillary expansion if an obstruction was not in this 
area, but further posteriorly. 

An additional explanation for the effect of RME in 
producing decreases in nasal resistance should also be 
considered. Rapid maxillary expansion may have a sim- 
ilar effect on nasal resistance as does dilation of the 
anterior nares produced by placement of tubing for 
some patients. For the expansion group, the use of tubes 
placed in the anterior nares at Tl decreased the nasal 
resistance to that of the control group in the natural 
state at Tl . Resistance with tubing at Tl was also sim- 
ilar to the values obtained in the natural state following 
maximum expansion at T2 (Figs. 1 and 3). 

Increasing nasal conductance with dilation of the 
anterior nares with Tygon tubing was also obtained by 
Berkinshaw.3’ Similar decreases in nasal resistance 
were demonstrated by Turvey, Hall, and Warren3’ fol- 
lowing superior maxillary surgical impaction. They 
found that the alar base tended to be widened with a 
“flaring” of the nares postsurgically. They suggested 
that the decreases in nasal resistance observed may have 
been caused by dilation of the nares and an opening of 
the liminal valve (the point of greatest constriction at 
the anterior nares). 

Our findings suggest that some persons with high 
nasal resistance may have airway constriction at the 
anterior nares, rather than posterior to this area. Such 
constrictions may be normalized (or deconstricted) fol- 
lowing expansion of the anteroinferior aspect of the 
nasal cavity. It is noteworthy that only the girls showed 
significant decreases in nasal resistance from Tl to T2. 
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We do not know if girls in general tend to have a smaller 
cross-sectional area than do boys at the anterior nares 
or whether this finding was limited to our sample. 

The use of vasoconstrictive nose drops was advo- 
cated by Linder-Aronson and Backstromz8 to lessen the 
effect of mucosal swelling mainly at the anterior aspect 
of the inferior turbinates. This was recommended to 
give a better indication of the effect of the bony struc- 
tures of the nasal cavity upon nasal resistance. Nasal 
resistance would thus be determined more by anatomic 
(skeletal), rather than function (soft-tissue), influences 
following decongestant administration and would em- 
phasize the contribution of the pharyngeal component 
to the total nasophyaryngeal resistance. Linder-Aron- 
son and Aschar? found significant decreases in nasal 
resistance after expansion when recording nasal resis- 
tance with nasal decongestant. In their view, maxillary 
expansion normalized the anatomic condition of the 
nose by decreasing soft-tissue influences and improving 
“nasal function” to a normal range. 

Our study, however, did not show significant de- 
creases in nasal resistance following expansion with the 
use of the decongestant. If the decongestant mode does 
more accurately represent the anatomic influences and 
changes occurring, and if expansion causes a significant 
change in the width of the nasal cavity by reducing a 
possible obstructing effect, then this should be reflected 
in the comparisons between Tl and T2 for the spray- 
assisted mode. Yet the differences that we noted with 
this protocol were insignificant, suggesting that max- 
illary expansion has little or no effect on nasal airway 
resistance. This is in accord with the conclusions of 
Wertz and I)reskin.4 

Individual response to expansion and mode 
of testing 

The preceding explanations for treatment responses 
may not be adequate to explain the entire range of 
individual variation. As with recordings in the natural 
state, individual variation was also high for the other 
three modes. For example, anatomic variations in the 
shape of the anterior nares may also explain differences 
due to the placement of Tygon tubes. A person may 
have long, thin anterior nares, perhaps even with a 
“collapsed’ appearance, and thus show a definite ex- 
pansion with Tygon tubes in place, resulting in a re- 
duction in nasal resistance. 

Other patients may have circular-shaped anterior 
nares, exhibit little change after insertion of the Tygon 
tubes, with no resultant effect on nasal resistance, and 
possibly even experience an obstructive effect with an 
increased nasal resistance. In general, if the inner di- 

ameter of the tube was the same or smaller than the 
lumen of the anterior nares, then nasal resistance could 
be unaffected or increased following placement. If the 
Tygon tubes increased the effective diameter of the 
nares, ‘nasal resistance might also be unaffected if the 
minimum cross-sectional area was posterior to the an- 
terior nares. 

Nasal resistance also decreased in many subjects 
following the use of the decongestant because this re- 
duced soft-tissue swelling. Slight additional decreases 
were sometimes seen with the placement of tubes at 
the anterior nares after decongestant use, suggesting 
that an obstruction was present due to both anatomic 
structures (nares construction) and functional structures 
(soft-tissue swelling). Other subjects showed increased 
nasal resistance with the addition of the Tygon tubes, 
indicating an obstructive effect at the anterior nares. 

In contrast, several other subjects showed essen- 
tially no change in nasal resistance from the natural 
state with the use of tubes or decongestant. This may 
indicate that the location of minimum cross-sectional 
area is in the posterior region of the nasal cavity and 
therefore unaffected by either anterior nares dilation or 
vasoconstriction of the nasal mucosa in the anterior 
aspect of the nasal cavity. 

Clinical implications 

Testing with different experimental conditions may 
aid in the determination of the location of an obstruction 
contributing to increased nasal resistance. For example, 
if Tygon tubes placed at the anterior nares significantly 
reduced nasal resistance, then the obstruction may be 
present at the anterior nares. If decongestant signifi- 
cantly reduced nasal resistance, the obstruction may be 
determined by soft-tissue influences in the anterior as- 
pect of the nasal airway. If clinically indicated, turbi- 
nate reduction, septoplasty, or allergy therapy may help 
reduce nasal resistance in some persons; however, such 
procedures will not benefit patients with a maximum 
airway constriction located at the anterior nares. 

Adenoidectomy would be of no benejt to those 
persons demonstrating a constriction at the anterior 
nares or anterior aspect of the nasal cavity. Adenoids 
influence the posterior regions of the nasal airway and 
do not contribute to increases in nasal resistance an- 
teriorly. However, if nasal resistance is high, but is 
unaffected by either placement of Tygon tubing or the 
use of a decongestant, an obstruction contributing to 
increased nasal resistance may be located at the pos- 
terior aspects of the nasopharynx. In such cases hy- 
pertrophied adenoidal tissue may well be the major 
contributor to increased nasal resistance. 
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CONCLUSIONS 

The following conclusions were derived from this 
study. 

1. For studies of resistance to be comparable, the 
same flow rates and experimental conditions of testing 
must be used. 

2. The range of individual variation for nasal re- 
sistance was high for all four test conditions. Median 
response for the group was not an adequate estimate of 
individual response. Extrapolation from group medians 
to individuals is an unsound practice and may be clin- 
ically misleading. 

3. Some patients receiving RME for orthodontic 
reasons had a significantly greater nasal resistance to 
airhow before expansion than the control group. This 
was highly variable, however, as many patients in the 
expansion group actually had initial resistance values 
lower than those of the control group. 

4. There was a significant median decrease in nasal 
resistance for the group after undergoing RME in the 
natural state only. This, however, was significant only 
for the subgroup consisting of subjects with initial re- 
sistance values greater than 5.5 cm H20/L/sec. Resis- 
tance decreases attributable to RME appeared to be 
stable up to 1 year after maximum expansion. 

5. Significant reductions in nasal resistance were 
not found between Tl and T2 when pressure/flow data 
were obtained after the administration of decongestant 
spray. 

6. RME may effect an expansion at the anterior 
nares contributing to reductions in nasal resistance. 

7. Statistical significance does not necessarily 
equate with clinical relevance. Many of the statistically 
significant changes seen for the group were within the 
range of individual variation. 

S. Because of the high variability in individual re- 
sponse, RME is not a predictable means of decreasing 
nasal resistance. 

9. As with any treatment, a risk factor/benefit ratio 
should be evaluated before recommending RME. The 
benefit is in terms of gaining space for orthodontic 
correction. The potential risk is related to the stability 
or relapse of such treatment. As reduction in nasal re- 
sistance has yet to be unequivocally proved as a sig- 
nificant factor that improves subsequent growth, the 
recommendation of RME for purely respiratory reasons 
cannot be advocated on a risk/benefit basis. 

The authors would like to thank Dr. James McNamara 
for providing many of the patients for this study. We are 
indebted to Dr. Charles Kowalski for his advice on statistical 
issues. 
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