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Background. The etiology of nocturnal enuresis (NE) is multifactorial and has not been fully explained yet. New ways of treatment
are constantly being investigated, including the rapid maxillary expansion (RME). Methods. A total of 41 patients diagnosed with
NE were divided into two experimental groups: A and B. Group A included 16 children who have been treated with RME. Group
B comprised 25 children who have not undertaken orthodontic treatment. Children from both groups have been monitored in
monthly intervals, during a 12-month period, towards the intensification of NE. The comparative analysis of both groups has been
conducted after 3 years of observation. Results. Statistical analysis has shown a 4.5 times increase of the probability of reduction
of NE in the case of the treated group in comparison with the group of children who have not undergone orthodontic treatment.
Unfortunately, the chance of obtaining total dryness diminished proportionally to the higher degree of intensification of enuresis
at the beginning of the test. Conclusion. RME can constitute an alternative method of NE treatment in children, irrespective of the

occurrence of upper jaw narrowing.

1. Introduction

Nocturnal enuresis (NE) in children is one of the most
complex psychosomatic phenomena which takes place in the
period of human development and maturation. Its multiple
factor conditioning and not fully defined etiology make the
problem the subject of interest for many doctors of various
specialties: pediatricians, urologists, psychiatrists, nephrol-
ogists, and child neurologists as well as psychologists. The
results of treating NE deviate from its spontaneous relief to
total lack of reaction to all available methods of treatment. In
connection with the fact that it is a major scale problem, new
ways of treatment are constantly searched for. In the literature
one can find sparse information about the positive influence
of rapid maxillary expansion (RME) on the results of treating
NE even in those children who were never diagnosed with its
narrowing [1-5].

NE is conditioned by multiple factors. The genetic
influence, autosomal dominant inheritance with penetra-
tion (expression) exceeding 90%, environmental conditions
(social factors, parents’ expectations, and toilet training),
somatic conditions (nocturnal polyuria, decreased nocturnal
functional bladder capacity, narrowing of upper respiratory
tract (URT), sleeping disorders, and delayed maturation of
central nervous system), and psychological conditions (lack
of interest from parents or guardians or the fact of staying in
nursing homes, stress) are taken into account [6, 7].

Disregarding the genetic impacts, it is now considered
that there are two main pathogenetic mechanisms of NE
which are sufficiently scientifically documented: nocturnal
polyuria and high threshold of night-time awakenings [8, 9].

Single reports in literature about the potential connection
of bed-wetting with the anatomical conditions of URT as
well as upper jaw dimensions became the inspiration to
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proceeding with the examinations herein which would allow
for obtaining the answer to the following questions: (1)
Is there a connection between the occurrence of NE and
morphology of the chewing organ in children, including,
especially, the size of upper jaw? (2) Does orthodontic
treatment involving RME influence the level of bed-wetting
intensity?

2. Material and Methods

41 patients with diagnosed NE (24 boys and 17 girls) referred
by doctors from the pediatric nephrology department of
Chorzow Centre of Pediatrics and Oncology participated in
general in the initial examination. The inclusion criteria for
treatment through RME were as follows: age of 6-18 years,
present NE, correct secretion function of kidneys, lack of
infection of urinary tract as well as URT, consent for partic-
ipation in the research given by the child’s legal guardians,
filling in of the initial information survey, and replying to final
questions concerning NE after 3 years. The exclusion criteria
for RME involved not meeting any of the inclusion criteria,
active teeth caries which did not allow for carrying out
orthodontic treatment, poor oral cavity hygiene, insufficient
number of teeth for fixing the appliance, and lack of sufficient
motivation to cooperation during orthodontic treatment.

Their parents or legal guardians filled in the initial infor-
mation survey completely and replied to the final questions,
which concerned the occurrence and frequency of bed-
wetting after 3 years of observation. The initial survey con-
tained questions about disorders present in children related
to URT (tonsils enlargement, allergy, and frequent infec-
tions), sleeping with open mouth, sleeping character (calm or
not), snoring, grinding of the teeth, sweating at night, morn-
ing tiredness, waking up of a child after bed-wetting, results
obtained at school, parents’ divorce, bed-wetting in the family
history, child’s emotional condition (impatient, lively, sleepy,
calm, etc.), bed-wetting characteristic features (whether the
child wets the bed from the day it was born without intervals,
bed-wetting intensity level, and treatment methods applied
and their effects). Intensity level of NE was described with
the use of a 4-grade scale prepared for the purposes of the
examination, that is, 4: a couple of times during the night, 3:
once during the night, 2: once or a couple of times during the
week, and 1: once or a couple of times during the month.

The orthodontic part involved preparing and analysis
of diagnostic dental casts. The analysis of dental casts was
performed in comparison to generally assumed standards for
white Caucasian race. Due to high percentage of malocclu-
sion in general population, it was decided not to compare the
results in children with diagnosed NE and healthy children,
who do not wet the bed.

The children were divided into two research groups: A
and B. Due to multiple-reason and complex character of
NE, it was not planned to compare the results obtained
with the control arm. 16 children (9 boys and 7 girls) with
diagnosed NE were qualified to research group A, whose
parents or guardians accepted RME treatment. Research
group B was composed of 25 children (15 boys and 10 girls)
whose parents or guardians did not express such consent
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or met the exclusion criteria. Children from both groups A
and B were monitored in monthly intervals for the period
of 12 months towards the intensification of bed-wetting—
possible reduction of bed-wetting frequency in the accepted
4-grade scale or achieving total dryness. Additionally, in
children from group A, for the purposes of documenting
the effects of RME on the occlusion, control diagnostic
models were made after taking the appliance off and they
were subjected to the same analysis as at the beginning
of research. After 3 years of observation, at the end of
research, parents and guardians of children from both groups
A and B were asked to reply to the question concerning the
occurrence and frequency of bed-wetting in order to compare
the influence of various methods of treatment applied; in
case of children from group A it involved also RME, on NE
intensity level. The replies obtained were compared with the
replies from the beginning of the research and assessed in
the following sequence: (1) bed-wetting reduction in grades
(with reference to created 4-grade bed-wetting scale), (2) bed-
wetting reduction (in general), and (3) complete cessation
of bed-wetting. The examination protocol was approved by
the Bioethical Commission of the Medical University of
Silesia, decision number NN-6501-87/06. The trial has been
registered and allocated as ACTRN12614000899640.

In order to explain what consequences may RME have
with regard to the results of NE treatment, the assumptions of
logistic regression were applied. For the purposes of assessing
the influence of RME on the treatment results, that is,
achieving defined level of bed-wetting reduction, the ordinal
scale was assumed of applicable reduction levels and it was
based on the assumptions of ordinal logistic regression. The
results of regression parameters achieved were interpreted
with the use of odds ratio.

3. Results

Based on the survey, the frequency of the given disorders
in terms of URT was determined, while in sleeping almost
50% of the patients’ lips remained open. Enlargement of
tonsils, allergy, and chronic infections of URT were present
on average in 10% of examined people. The majority of
children in their guardians’ opinion slept calmly (76%) and
deep enough that, after wetting the bed, 66% kept sleeping.
25% of the children would wake up tired; 33% were snoring
or grinding teeth. 41% of children sweated excessively while
sleeping (Figure 1). In 43% of children, NE was present also
in one or more persons in the family. A considerable group
of children (29%) in the parents’ opinion did not achieve
good results at school. In 14% of cases, children’s parents were
divorced. In reply to the question regarding the emotional
condition of examined children, parents considered them
as impatient (39% of replies) and sleepy (43%) as well as
lively (63%) and calm (72%). In most cases, parents specified
more than one character feature of their children sometimes
joining the contradictory ones. Most children wetted the
bed since the day they were born without intervals (34
children, 67%). Most often they did it once during the
night (16 children, 31%) or at least once during the week
(16 children, 31%), more rarely a couple of times during
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the night (9 children, 18%). Sporadic bed-wetting or a couple
of times during the month was reported by 10 respondents
(20%).

The most frequent way of NE treatment was adminis-
tration of drugs. Liquid control was rarely applied (8%), as
well as waking up and visiting a psychologist (12% each)
and other methods, including acupuncture and bioenergy
healing (20%). In 14% of cases no treatment was applied.
Hitherto, therapy in the group of children subjected to
survey examination appeared to be successful (bed-wetting
frequency in children was reduced) in 43%; however, the
problem did not subside in total, while in 20% of children it
returned with time on the same level.

In orthodontic examination, it was determined that the
most frequent malocclusion is class II (35%) quite often
complicated with deep bite (33%). Lateral crossbite was
recorded in 14% of the children examined. The rarest were
class I1T (4%) and open bite (2%).

In the examined group A under the influence of RME
average upper jaw widening obtained was on the level of
6.5mm (min. 4.6-max. 8.2). The frequency of bed-wetting
in children in both examined groups and decrease of its
intensity during the observation period are presented in
Tables 1 and 2 as well as Figures 2 to 4. Right after widening
(in the period of 3 months from fixing the appliance, so
after achieving the planned goal) 10 out of 16 children in
group A did not wet the bed at all and the effect was stable
in the longer observation period (8 out of 16 children were
dry after 36 months). In case of 5 children, the frequency
of bed-wetting decreased with one or two grades, while in
one patient no improvement was noted—he kept wetting the
bed every night. Two children, who right after the widening
did not wet the bed, after 6 and 10 months, respectively,
started bed-wetting again but it took place occasionally—
once a month.

As it was presented on Figures 2 and 3, the percentage of
occurrence of the given grades in the 4-grade scale of bed-
wetting and direction and angle of inclination of regression
curves (separately for each level) state the greater intensity of
bed-wetting reduction in group A in comparison to group
B. If the number of grades which the reduction of bed-
wetting intensity took place with is taken into account, then,
in case of group A, a greater percentage of children achieved
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FIGURE 2: Bed-wetting intensity in grades in group A. TIL: at the
beginning of examination. T2: at the end of examination after 3
years. 4, 3, 2,1, and 0: reduction of NE in the number of grades with
line regression for each grade.
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FIGURE 3: Bed-wetting intensity in grades in group B. TI: at the
beginning of examination. T2: at the end of examination after 3
years. 4, 3, 2,1, and 0: reduction of NE in the number of grades with
line regression for each grade.

the decrease with at least 2 grades or more (68.75%) in
comparison to children from group B (24%) (Figure 4). In
group A, bed-wetting decreased with at least one grade in
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TABLE 1: Bed-wetting frequency in children in the examined group.

Frequency of bed-wetting

Examined group T1 T2
4 3 2 1 0 4 3 2 1 0
A (n=16)
n 2 7 5 2 0 0 2 0 6 8
% 12.5 43.75 31.25 12.5 0 0 12.5 0 375 50
B (n=25)
n 6 6 7 6 1 4 6 5 8
% 24 24 28 24 4 16 24 20 32

n: the number of children in the group with the given bed-wetting level.
T1: at the beginning of the research.
T2: at the end of the research after 3 years.

TaBLE 2: Reduction of NE in the examined groups at the end of examination after 3 years of observation.

Examined group

Reduction (in the number of grades)

Reduction (in general) Total dryness

4 3 2 1 0
A (n=16)
n 0 3 8 4 1 15 8
% 0 18.75 50 25 6.25 93.75 50
B (n=25)
n 1 2 3 9 10 15 8
% 4 8 12 36 40 60 32

n: the number of children in the group with the given bed-wetting intensity.
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FIGURE 4: The number of grades by which the bed-wetting intensity
decreased within both groups. A: group A. B: group B. 4, 3,2,1, and
0: reduction of NE in the number of grades.

almost all children (with the exception of one), while in group
B the same effect was noticed only in 15 out of 25 children
(applicable percentages: 93.75% in group A and 60% in group
B). After 3 years of observation, half of the children in group
A did not wet the bed at all, while in group B only 32% of the
children examined did not wet the bed.

In the comparative analysis of examined groups A and B
first data from the survey carried out at the beginning of the
research was taken into account. 41 patients were analyzed
in total (16 from group A and 25 from group B) based on 22

variables: (1) group of children A or B, (2) age, (3) infections of
URT, (4) allergies, (5) enlarged tonsils, (6) mouth open while
sleeping, (7) calm sleeping, (8) snoring, (9) grinding of teeth
at night, (10) sweating at night, (11) morning tiredness, (12)
waking up after wetting the bed, (13) good results at school,
(14) divorced parents, (15) NE in the family history, (16) emo-
tional condition, (17) bed-wetting frequency, (18) bed-wetting
since the day they were born without intervals, (19) medicines
taken, (20) liquid control, (21) waking up, and (22) consul-
tations with a psychologist and they were compared with 3
final variables, obtained after 3 years of observations: (a) bed-
wetting reduction in 4-grade scale, (b) bed-wetting reduction
(in general), and (c) complete cessation of bed-wetting.

From the selected risk factors, with the use of statistic
tools, logistic regression and ordinal logistic regression,
the variables were selected characterized with statistically
essential influence on occurrence of NE episodes in children.
The calculations were carried out with the use of both classic
and Bayesian techniques.

The probability of increase in the reduction level, that is,
bed-wetting decrease with 1level (grade), increased 4.5 times
as far as group A is concerned (orthodontically treated) in
comparison to group B, children not subjected to treatment
by means of RME. No statistically essential impact of any of
the factors listed in the research survey on the reduction of
NE was observed. The probability of bed-wetting reduction in
general increased 10 times in case of group A in comparison
to group B. The results are confirmed by the estimated value
of odds ratio obtained with the use of logistic regression
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by means of Bayesian method; in this case, the chance of
reducing NE was estimated for the value 75 times higher in
children subjected to orthodontic treatment, and so, more or
less, 50% decrease of the probability of total cessation of bed-
wetting in case of intensity 1 degree higher at the beginning of
the research was achieved. At the same time, in patients who
differed with 2 degrees in the assumed bed-wetting scale the
chance of achieving total dryness decreases with ca. 75%.

4. Discussion

In the world literature, one can find recommendations of
many various methods of treating NE. It only certifies that,
until today, the one method, successful for most children, has
not been found yet. One shall also not expect to find it in the
future due to very complex and multiple factor etiology of the
disorder. In the recent years, however, some codes of conduct,
both in terms of diagnosis and therapy, were worked out.
The children who wet the bed shall undergo laryngological
examination in terms of upper airway obstruction (UAO) and
occurrence of obstructive sleep apnea (OSA). Some authors
consider NE as one of the symptoms of OSA, and also it may
portend the occurrence of OSA symptoms in the future [10-
14]. It is also worth noticing that bed-wetting relieves after
successfully completing treatment of OSA [12, 15-17].

The improvement of air flow in the URT decreases the
intensity of NE decisively. From physiological point of view,
nasal cavity is responsible for ca. 50% of breath resistance and
its anatomical or functional obstruction is also an essential
factor of OSA risk [18]. So, the reduction of breath resistance
in the nasal cavity by means of RME seems to be an efficient
method for treating OSA and there are many reports about
it in literature. The best results may be achieved if a child
with the diagnosed OSA has a narrowed maxilla but not
enlarged tonsils [19]. Connecting OSA with NE provoked
the orthodontists to deal with the subject as the narrowing
of maxilla which makes up the bottom of nasal cavity may
be one of the reasons of UAO. It has to be underlined that
orthodontic treatment will not be efficient in treating NE in
patients for whom nocturnal polyuria or decreased nocturnal
functional bladder capacity is the reason of the problem. RME
may have influence only in cases in which the main reason
is difficult waking up of a child from sleeping after complete
filling up of the bladder.

The positive side effect consequence of RME is widen-
ing of the upper jaw skeletal structure which additionally
increases both the section and capacity of the nasal cavity.
Thanks to it, RME may restore the nasal breathing tract
even in 92.8% of cases to children who habitually breathe
through the mouth [20, 21]. Besides, RME thanks to widened
palate and frequently present further orthodontic treatment
after RME and harmonization of dental arches may indirectly
improve anatomic relationships in the oropharyngeal space
by means of modification of the tongue resting position [22,
23].

The positive result of RME is not necessarily conditioned
by initial presence of upper jaw obstruction which manifests
with lateral crossbite or at least lack of place for teeth, only
the fact of upper jaw widening and change of morphological

conditions in URT. In the research herein, the percentage of
children with the crossbite diagnosed in the examined group
A amounted to 31% (5 children out of 16). In general, only
in 18 children (from the total number of 41, what gives the
percent of 44%) were diagnosed with unilateral or bilateral
crossbite. The reduction of children bed-wetting frequency
achieved in all examinations was not connected with the
presence of crossbite, which is characteristic for upper jaw
narrowing. A conclusion may be drawn then that presence
of crossbite is not a good parameter in order to qualify the
patient for NE treatment through RME.

In the examination herein, among 5 children in group A,
in which crossbite was diagnosed at the beginning of research,
improvement was recorded in all, while total dryness was
achieved only in two children (40%).

The process of orthodontic treatment directed to RME
and change of the chewing organ morphology in children
caused essential improvement in terms of decreasing the
frequency of episodes of NE or cessation of symptoms that
is achieving total dryness in long-term observation. What is
more, the result obtained was stable in the 3-year observation
period and does not involve side effects. Similar remarks were
made also by other authors [1-4].

NE treatment by means of RME shall surely not be
recommended as a first-line therapy; behavioral therapy
and alarm shall be considered as such. When assessing the
hitherto applied methods of treating bed-wetting in the work,
which often were unsuccessful, medicines application—
mostly desmopressin—and waking alarm were dominant.
The fact of relatively rarely applied treatment with the
use of an alarm among Polish children shall be noticed.
Additionally, due to limitation of application of desmopressin
on the area of the European Union, the second-line therapy
in children with enlarged tonsils may involve its removal,
while if these are not present or when surgical treatment does
not lead to desired results, one shall consider orthodontic
treatment. RME does not then aim at correcting the maloc-
clusion but only at reducing NE. RME is a rather rapid and
noninvasive method and in case of good oral cavity hygiene
does not lead to any side effects and complications.

To sum up the discussion, it shall be noticed that bed-
wetting is more often present in patients with URT obstruc-
tion and breathing disorders while sleeping and also in those
with high threshold of waking up from sleeping (the so-
called deep sleepers) [10-14, 16, 24-28]. On the other hand,
in a lot of research, the advantageous impact of RME on
the results of treating respiratory disorders while sleeping
was proven [19, 20, 29-32]. RME has the same, beneficial
impact also on reduction of NE, what the results achieved
not only in the research but also in other authors’ research
speak for [1-4, 33]. In the research herein it was planned
to expand the upper jaw only in transverse dimension.
Bearing in mind the relationship between the greater values
of Popovich index achieved, what certifies of upper jaw
shortening, and greater resistance to NE frequency reduction
as a consequence of only RME which enlarges the maxilla
only in transverse dimension, it may be worth proceeding
with wider examination involving the upper jaw increase
also in sagittal dimension with the use of, for example, a



facial mask. Considering the report on advantageous impact
of lower jaw protraction on bed-wetting reduction, in the
author’s opinion it would be worth to examine the impact of
such appliances in a larger group of examined people.

After statistical analysis no relationships between psy-
chological factors such as stress, school results, parents’
divorce, and intensification of NE were found. Despite the
fact that some authors notice such connection, similar results
were obtained by other researchers and further testing on
it is not recommended [2-4, 34-39]. Because of the most
probable mechanism of action of RME impact on NE, the
inclusion of polysomnographic testing (related to testing
blood saturation with respiratory gases and sleeping quality
examination) to a set of examinations carried out on children
with resistant to treatment bed-wetting seems justified mostly
in order to exclude the presence of OSA, as the reason of
disorder. Untreated OSA at developmental age may have
much more essential health consequences in the course of
further patient’s life than even the most persistent NE, which
is not direct threat to health and life.

5. Conclusions

The results of research obtained allow for formulation of the
following conclusions:

(1) The morphology of upper jaw is not connected with
the occurrence of nocturnal enuresis and cannot be
the agent which qualifies to successful treatment of
bed-wetting through rapid maxillary expansion.

(2) Orthodontic treatment which involves rapid maxil-
lary expansion may be an alternative way of treating
nocturnal enuresis in children, regardless of upper
jaw narrowing presence.

(3) Physiological mechanism of action responsible for
the positive result of orthodontic treatment remains
unexplained and requires further research. It seems
justified to include polysomnographic testing to the
set of examinations on children with resistant to treat-
ment bed-wetting in order to exclude the occurrence
of obstructive sleep apnea as the reason of disorder.
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