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Abstract

Obijective: To evaluate the pre-existing speech distortion and long-term speech effect of the fixed labial orthodontic appli-

ance in Class III incisor relationship (Class I1I) subjects.

Methods: Speech performance of selected fricative consonants was analyzed with PRAAT software inClass I incisor relation-
ship (Class I control) subjects as the baseline as well as in Class III subjects at six different time-points.

Results: Class III subjects took shorter voicing duration to utter all sounds at TO compared to Class I control subjects. At
T1, Class I1I subjects took longer voicing duration to utter the sounds compared to T0O. No significant difference was found
between T4 and T0. At T5, no significant difference was found between Class III subjects and Class I control subjects.
Conclusions: Class III subjects had significant pre-existing speech distortion and further deterioration in the speech quality
was reported immediately after bracket placement which self-resolved after 6 months. Orthodontic treatment improved the

pre-existing speech distortion in Class I1I subjects after a year.
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Introduction

Individuals with Class III incisor relationship presented with a
reduced overjet or edge-to-edge incisor relationship to reversed
overjet depending on the severity of the underlying skeletal dis-
crepancy. The incidence of Class III incisor relationship is esti-
mated to be 3-5% in the Caucasian population (Foster & Day,
1974) and 4-13% in the Oriental population (Irie & Nakamura,
1975). The Class I1I incisor relationship individuals were found to
have difficulty in articulation of labiodental and alveolar fricative
consonants which were produced by constriction or closure at
some point along the vocal tract (Guyer et al., 1986; Laine, 1987;
Laine, 1992). Therefore, a deviation in dental structure or align-
ment may interfere with airflow and pressure and there by alter
speech sound productionin which teeth position may contribute
50% to 60% of all speech disorder (Van Riper, 1978).

Apart from that, the orthodontic treatment itself is associated
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with the adverse effect of speech distortion (Papageorgiou et
al,, 2016; Long et al., 2013) and it results in a significant nega-
tive impact on patients’ compliance as well as the quality of life.
The speech distortion arises as a result of the affected movement
of tongue and space of an oral cavity by an orthodontic appli-
ance which is fitted against the teeth surface and palate (Rai et
al., 2014). Studies found that orthodontic appliances such as la-
bial and lingual fixed appliance (Rai et al., 2013; Khattab et al.,
2013; Rai et al.,, 2014) and retainer (Atik et al., 2017; Wan et al.,
2017) will cause speech distortion. It had been reported that the
irregularity in the anterior region of the mouth can cause tongue
protrusion and affect the articulation of /s/ sound (Paley et al.,
2015). The duration of speech disturbance caused by the fixed
labial appliance is variable and the difference may be attributed to
the individual adaptation as well as the severity of the malocclu-
sion (Paley et al., 2015).

Even though speech distortion can cause a setious barrier in social
and professional functioning (Millard & Richman, 2015), there
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is a lack of evidence on the long-term effect of the fixed labial
orthodontic appliance on speech sound production. Therefore,
studies focusing on the speech impact of a specific orthodontic
appliance in specific malocclusion are warranted to allow the or-
thodontist to provide adequate information regarding speech, so
that patients can make an informed decision and be prepared to
adapt to the potential speech problems accordingly. This prospec-
tive controlled study aimed to evaluate the long-term effect of the
fixed labial orthodontic appliance on speech in an individual with
Class III incisor relationship.

Obijectives
The main objectives of the study were:

To compare the baseline speech quality between Class 111 subjects
and Class I control subjects.

To describe the changes of speech sound in Class III subjects
after placement of fixed labial orthodontic appliance for up to
a year.

To determine the impact of overjet correction in Class III sub-
jects on speech sound quality.

It was hypothesized that Class III subjects have significant pre-
existing speech distortioncompared to Class I control subjects,
the fixed labial orthodontic appliance placement will lead to fur-
ther speech distortion in short-term and corrective orthodontic
therapy will improve the pre-existing speech.

Materials and Methods
Subjects

Ethical approval was obtained from the Research & Ethics Com-
mittee, Hospital University Kebangsaan Malaysia. Sample size cal-
culation was done using Sample Size Calculator (CTSI/UCSF) for
before-after study (Paired t-test) with a Type I error rate of 0.05,
Type 11 error rate of 0.20, an effect size of 0.70, and standard de-
viation of change valueof 1.00 (Khan et al., 2017). This generated
a total sample size of sixteen subjects for this study. The target
sample size is increased to twenty subjects in allowing a possible
dropout rate of 30%. Twenty Class III incisor relationship (Class
III) subjects satisfying the inclusion and exclusion criteria were re-
cruited in the study. The inclusion criteria were subjects indicated
for fixed labial orthodontic appliance treatment, Class 111 incisor
relationship subjects indicated for dento alveolar compensation,
subjects who were local citizens and attending or attended na-
tional school, and subjects with age more than fourteen years old
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(Kent & Read, 1992). The exclusion criteria were subjects with
the craniofacial defect such as cleft lip and palate or syndromic,
subjects with hearing and speech disorder, and subjects who had
previous orthodontic treatment. Besides, Class I incisor relation-
ship (Class I control) subjects were number and age-matched with
Class 111 subjects. All subjects were explained about the study and
consents were obtained from the subjects or the guardians before
being recruited.

Objective Evaluation

Speech performance analysis was done for Class I control group
as the baseline by using a list of fricative consonant words that are
most susceptible to articulation error including ‘foto, video, sapu,
zaman’. Recordings were conducted in a standardized condition
using a Sony® ICD-SX2000RC Digital Voice Recorder in a quiet
room and at a distance of 10 cm from the subjects” mouth. Three
recordings of each fricative consonant /1, v, s, z/ wete recorded
and analyzed with PRAAT software (www.praat.org) by measur-
ing the voicing duration of the fricative consonant in milliseconds
(ms) on the generated spectrographas shown in Figure 1. PRAAT
software is a valid tool used in multiple orthodontic speech stud-
ies (Rai et al., 2013; Rai et al. 2014; Wan et al., 2017; Khan et al,,
2017).

For Class I1I subjects, the speech performance analysis was done
in the same standardized protocolmentioned earlier before the
placement of the fixed labial orthodontic appliance at T0. There-
after, Class III subjects underwent a standardized bond up pro-
cess at which the upper and lower teeth for each subject were
cleaned with pumice, etched, and followed by bonding with Pre-
adjusted edgewise fixed labial orthodontic appliances with MBT
prescription, 0.022x 0.028-inch slot size (American Orthodontics)
for both arches. The 0.014-inch nickel-titanium wites were used
as initial archwire and secured with elastometic modules. The sub-
jects were reviewed monthly and treated according to the four
phases of orthodontic camouflage treatment which were leveling
and alignment, over bite control, space closure, and finishing, The
standardized speech performance analysis mentioned eatlier was
repeated at five different time-points which were with in 24 hours
(T1), 1 month after (T2), 3 months after (T3), 6 months after
(T4), and 1 year after (T5) placement of fixed labial orthodontic
appliance. Besides, overjet was measured in millimeters (mm) at
three different timepoints which were TO0, T4, and T5 in Class 111
subjects.

Method Error Analysis

To ensure the consistency of the voicing duration measurements,
three recordings were analyzed with the PRAAT software for each
subject at each timepoint and the average values were taken as

Figure 1. A spectrograph displaying the word ‘foto’. The highlighted portion indicates the voicing duration of the fricative
consonant /f/ sound.
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the final readings. Besides, 200 speech samples were re-measured
two weeks after the initial measurements and an intra-examiner
reliability test was performed using the Intra-class Correlation
Coefficient test ICC) between the initial and the repeated meas-
urements. There was a significant correlation between the meas-
urements with an r >0.99. This suggested that there was excellent
intra-examiner reliability in the measurement of the voicing dura-
tions. Apart from that, the consistency of the overjet measure-
ment was monitored as well in which 10 samples of overjet were
re-measured two weeks after the initial measurements. A signifi-
cant correlation between the measurement with an r >0.98 was
found by using the Intra-class Correlation Coefficient. This again
suggested that there was excellent intra-examiner reliability in the
measurement of the overjet.

Statistical Analysis

Statistical analysis was done using Statistical Package for Social
Science (SPSS) software version 23.0. The normality of the data
was checked with the Shapiro-Wilk normality test. Independent t-
test or Mann-Whitney U test was used to compare the difference
in voicing duration for each sound and the overjet difference be-
tween Class III subjects and Class I control subjects at TO and T5.
One-way repeated ANOVA was used to compare the mean voic-
ing duration of each phone me at different time points in Class
III test subjects. Paired sample t-test with Bonferroni adjusted o
of 0.08 was used to compare the mean voicing duration of each
phoneme in Class 111 subjects before (T0) and after placement of
the fixed labial orthodontic appliance at different time-points as
well as the overjet changes at TO, T4, and T5.

Results
Subjects Flow and Baseline Data

Twenty Class 11T subjects satisfying the inclusion and exclusion
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criteria were recruited at the beginning of the study. There was
one drop out of the twenty subjects due to the inability to comply
with speech recordings at different time-points, hence nineteen
Class 1II subjects remained. The age range of Class III subjects
was from 14 years old to 33 years old with a mean of 22.4 years
old. The mean initial overjet of Class III subjects was 0.2 mm and
ranged from -2.0 mm to 1.5 mm as shown in Table 1. Thirteen of
the subjects were female and seven of them were male. Nineteen
Class I incisor relationship subjects with mean overjet of 3mm
and a median age of 23 years old were recruited as the Class 1
control group.

Objective Evaluation

Class III subjects took a shorter voicing duration to utter the fric-
ative consonants at TO compared to the Class I control subjects
as shown in Table 2.

One-way repeated measures ANOVA analysis showed that there
were significant changes in the mean voicing duration (in milli-
seconds) for each sound at various time-points in Class III sub-
jects shown in Table 3. Table 4 shows the changes in the mean
voicing duration for each sound at each time-point by comparing
the mean voicing duration of each sound at each timepoint after
insertion of a fixed labial orthodontic appliance with the mean
voicing duration before insertion of a fixed labial orthodontic ap-
pliance with paired sample t-test, T0. It shows that the voicing du-
ration for each sound was statistically significant increased at T'1,
T2, and T3 compared to T0. At T4, the voicing duration for each
sound was reduced and became statistically insignificantly differ-
ent from the value at TO as shown with the p-valueof more than
0.05 for all the sound at T4. At T5, however, the voicing duration
for each sound appeared to be statistically significant increased
again in comparison to the voicing duration at TO.

Table 5 shows the statistical difference of overjet and voicing du-

Table 1. Comparison of voicing duration * standard deviation (SD) in milliseconds (ms) of sounds between Class III test
subjects at T0 with Class I control subjects.

Voicing duration £ SD (ms)
Sounds Class III test Class I con- | p-value
subjects trol subjects
/t/ 122.5 £ 16.4 192.6 £ 15.5 0.000"
/v/ 76.1+£232 131.5+ 15,5 0.000"
/s/ 151.8 £ 27.9 188.2+ 10.6 | 0.000"
/z/ 96.7 £ 21.5 1412+ 142 | 0.000"

Asterisk (") indicated the statistical significance of the Mann-Whitney U test; () indicated statistical significance for the independent t-test.

Table 2. The F statistics with p-values and mean voicing duration * standard deviation (SD) in milliseconds (ms) of the

sounds.
Mean voicing duration £ SD (ms)
Sounds p-value
TO T1 T2 T3 T4 T5
/f/ 122.5 £16.4 | 184.6£28.7 | 178.7£34.0 | 183.9+36.7 | 129.3+13.7 | 183.1+11.5 <0.001"
/v/ 76.01£23.2 | 115.2+39.5 | 124.4+42.4 | 123.1£40.0 | 82.5%£14.7 131.6+8.9 <0.001"
/s/ 151.8427.9 | 162.6+£33.6 | 184.1+31.2 | 184.6£34.5 | 147.8£29.9 | 187.3£12.0 <0.001"
/z/ 96.7121.5 | 108.1+£25.8 | 130.0+28.0 | 130.8£36.4 | 101.8%£29.6 | 139.2+£10.7 <0.001"
Asterisk (') indicated the statistical significance of one-way measures ANOVA, o< 0.05.
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ration for each sound of Class III subjects at TO, T4, and T5
compared to Class I control subjects. It was found that the mean
overjet between Class 111 subjects at T0, T4, and T5 was 0.2 mm,
1.0 mm, and 2.5 mm respectively which was significantly lower
compared to Class I control subjects with an average overjet of
3mm. However, the differences in overjets of Class I control sub-
jects with a mean of 3 mm and Class III subjects with a mean
of 2.5 mm at T5 were clinically insignificant, although they were
shown to be a statistically significant difference with the 0<0.05.
Besides, it demonstrated that the mean voicing duration for all
sounds in Class III subjects at TO and T4 was significantly dif-
ferent compared to Class I control subjects. At T5, however, the
voicing duration for each sound appeared to become comparable
compared to the voicing duration of Class I control subjects.

Discussion
Main Findings

The age of the subjects was set to be above 13 years old as one of
the inclusion criteria because speech sound acquisition was usu-
ally complete after the age of 11 or 12 years old (Kent & Read,
1992). Hence, the selection of subjects above the age of 13 years
old allowed the elimination of possible confounding factors due
to incomplete speech sound development. Although one may
be argued that gender inequality may cause potential bias in this
study, that is the normal gender treatment ratio in the orthodontic
clinic since female tends to be more dissatisfied with dental ap-
pearance compared to male resulting in higher orthodontic treat-
ment demand in the female (Shaw, 1981).

It was found that Class III subjects took significantly shorter voic-
ing duration to utter all the four fricative consonants at T0 which
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consisted of labiodental such as /f, v/ and alveolar such as /s, z/
fricative consonants compared to Class 1 control subjects. That
was because of altered speech articulation as a result of reduced
overjet in which the initial presenting mean overjet in Class III
subjects was 0.2mm at TO compared to the baseline of 3mm for-
Class I control subjects. The reduced voicing duration caused sig-
nificant speech distortion in Class III subjects (Laine, 1987, 1992;
Guay et al., 1978; O’Gawa & Wilson, 2007).

Distinctive patterns of changes in voicing duration for the frica-
tive consonants were observed in Class III subjects after the
insertion of the fixed labial appliance. The voicing duration for
all the sounds increased significantly at T1 compared to TO and
fluctuated minimally at T2 and T3.The increased voicing dura-
tion after placement of the fixed labial orthodontic appliance
indicated speech distortion. These findings were supported by
studies which stated that orthodontic treatment is associated with
significant distortion in speech (Papageorgiou et al., 2016; Long
et al,, 2013). Distortion of specific sound occurs as a result of
the disturbing movement of tongue and space in the oral cavity
by an orthodontic appliance which was fitted against the teeth
surface (Rai et al.,, 2014). The most affected sounds were found to
be vowels such as /i/, /u/ and /a/ and consonants such as /s/,
/t/, /f/ and /1/ (Rai et al., 2013; Rai et al., 2014; Khattab et al.,
2012). At T4, however, the voicing duration in Class 111 subjects
for all the sounds seem to be significantly reduced and became
statistically insignificant different compared to TO. These findings
showed that there wasa significant improvement in speech after
6 months oftreatment due to adaptation to the fixed labial ortho-
dontic appliance by the surrounding articulating organs such as
lips, tongue, cheek, and muscles (Rai et al., 2013; Rai et al., 2014;
Khattab et al., 2012; Paley et al., 2015).

Table 3. Mean difference of voicing duration * standard deviation (SD) in milliseconds (ms) for each sound at different
time points in comparison with before insertion of fixed labial orthodontic appliance.

Sounds Mean difference of voicing duration = SD (ms)
T1-T0 T2-T0 T3-T0 T4-T0 T5-T0
/f/ 63.1+£29.3" | 56.2£36.7" | 61.4£40.3" | 6.7+ 18.6 | 60.1 £20.3
/v/ 3921331 | 484+ 414" | 471 £439" | 6.6 £27.7 | 55.6 £23.6°
/s/ 10.8 £17.8" | 323 £ 29.5" | 32.7 £ 32.0" | 41 £23.2 | 354 + 22.3*
/z/ 11.5£20.1" | 36.3£27.9" | 341 £42.6" | 512192 | 425 £19.0°

Asterisk () indicated the statistical significance of paired sample t-test, o< 0.05

Table 4. Statistical difference of overjet and voicing duration for each sound of Class III test subjects at T0, T4, and T'5
compared to the Class I control subjects.

. . . Statistical difference of | Statistical difference
Statistical difference of Class .
. . Class III test subjects | of Class III test sub-
Variable | III test subjects at T0 and .
. at T4 and Class I con- | jects at T5 and Class
Class I control subjects . .
trol subjects I control subjects
Ovetjet 0<0.001" 0<0.001" 0<0.05"
/t/ 0<0.001" 0<0.001" 0>0.05
v/ 0<0.001" 0<0.001+ 0>0.05
/s/ 0<0.001" 0<0.001F 0>0.05
/z/ 0<0.001+ 0<0.001" 0>0.05
Asterisk () indicated the statistical significance of the Mann-Whitney U test (9<0.05), while (f) indicated the statistical significance of the Independent sample t-test
(0<0.05).
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Table 5. Statistical evaluation of the standardized questionnaire.

Question Patients’ Response, % P (vs TO)
None | Alittle | Much | Very much
Question 1
T2 0 211 26.3 52.6 < 0.001F
T3 0 421 36.8 211 < 0.0017
T4 47.4 36.8 15.8 0 < 0.05F
T5 63.2 36.8 0 0 < 0.05%
Question 2
T2 211 26.3 36.8 15.8 < 0.0017
T3 36.8 42.1 211 0 < 0.05F
T4 63.2 36.8 0 0 < 0.05t
T5 84.2 15.8 0 0 > 0.05
Question 3
T2 78.9 15.8 53 0 < 0.001%
T3 0 31.6 36.8 31.6 < 0.0017
T4 0 10.5 36.8 52.6 < 0.05t
T5 0 0 26.3 73.3 < 0.001%
Question 4
T2 15.8 42.1 31.6 10.5 < 0.001f
T3 36.8 52.6 10.5 0 < 0.05t
T4 78.9 21.1 0 0 < 0.05t
T5 89.5 10.5 0 0 >0.05

Asterisk (1) indicated the statistical significance of the Wilcoxon signed-rank test analysis (0<0.05).

In the meantime, there were significant differences in the over-
jet and voicing duration for all the fricative consonants between
Class III subjects at T4 and Class I control subjects as shown in
Table 5. The difference in overjet was because most of the Class
IIT subjects were still at the stage of leveling and aligning of the
pre-adjusted edge wise appliance system in which no significant
change in the overjet was found (Scott et al., 2008). Likewise, sig-
nificant differences in voicing duration for all fricative consonants
were found between both groups as a result of the discrepancy in
overjet (Laine, 1987, 1992; Guay et al., 1978; O’Gawa & Wilson,
2007).

It was found that mean differences between Class IIT subjects
and Class I control subjects was statistically significant only for
the mean overjet, whilst all the differences in voicing duration
were in significant at T5. However, the difference in mean overjet
between Class IIT subjects with a mean of 2.5 mm and Class I
control subjects with a baseline overjet of 3 mm was clinically
insignificant. A significant improvement in the overjet of Class
IIT subjects was noted at T5 because the subjects were at the stage
of incisor relationship correction which took place after the stage
of leveling and aligning, It could be concluded that as the overjet
became normalized in Class III subjects following orthodontic
corrective therapy, the voicing duration for all the sounds became
normalized as well compared to the voicing duration of Class I
control subjects and resulted in normalization of speech in Class
IIT subjects. This finding was supported by studies that found that
speech in an individual with defective speech often improved fol-
lowing corrective orthodontic treatment (Rathbone & Snidecore,
1959; Kirveskari et al., 1988).

Clinical Implication

The orthodontic treatment has become a routine dental treat-
ment due to the increased demand for aesthetics and function by
the general population, especially in the adult population. Hence,
there should be a clear list of benefits for the patient and these
should over weight any potential risk. This study supports the
claim that individuals with Class III incisor relationship exhibit
significant speech distortion compared to those with Class I inci-
sor relationship. It provides evidence to acknowledge the com-
plaint of individuals with Class III incisor relationship that there
is an associated difficulty in pronunciation of certain sounds, par-
ticularly the fricative consonants which are susceptible to irregu-
larities at the anterior teeth. The orthodontists should, therefore,
recognize the defective sounds and appreciate the role of dental
structures have concerning the pronunciation and articulation of
speech.

Besides, patients shall be counseled that wearing the fixed labial
orthodontic appliance will lead to speech distortion in the short-
term, but it is temporary and likely to be self-resolved completely
up to six months due to adaptation. This information allows pa-
tients to prepare themselves emotionally so that they can adjust
their social and professional responsibilities accordingly.

Lastly, this study also provides evidence that the correction of
reduced or reversed overjet in individuals with Class III incisor
relationship will lead to improvement of the pre-existing speech
distortion in those individuals. This is a valuable benefit of ortho-
dontic treatment leading to improved quality of life.
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Conclusion

1. Class III subjects had significant pre-existing speech distortion
compared Class I control subjects.

2. The speech further worsens after insertion of a fixed labial
orthodontic appliance in Class IIlsubjects and it took up to six
months to resolve.

3. The correction of reduced overjet in Class III subjects normal-
ized their pre-existing speech distortion and became comparable
with Class I control subjects.
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