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Summary
Background: The long-term effects on dentofacial morphology of interceptive treatment with premolar extractions, in the absence of subse-
quent orthodontic treatment, have not been fully explored.

Objective: The aim was to investigate the effects of premolar extractions (without subsequent orthodontic treatment) on the dentoskeletal
and soft tissue profile of patients aged between 12 and 62 years with Class | malocclusion with severe crowding, as compared to untreated
controls.

Materials and methods: The Extraction group (N = 30 with Class | crowding malocclusion) had their first premolars removed in early adolescence
without subsequent orthodontic treatment. The Control group included 30 untreated subjects with Class | normal occlusion. Cephalograms were
takenat 12 (T1), 15 (T2), 30 (T3), and 62 (T4) years of age. A superimposition-based cephalometric method was used to assess the dentoskeletal
and soft tissue changes.

Results: There were no significant differences between the Extraction and Control groups in terms of skeletal sagittal relation, incisor inclin-
ation, and protrusion, or most of the soft tissue parameters throughout the observation period. However, significant differences were observed
between the groups with respect to the vertical relations in T2-T3, such that the Extraction group showed more-pronounced decreases in the
ML/NSL, ML/NL, and Gonial angles and more-pronounced increases in facial heights.

Conclusions and implications: Treatment for subjects with Class | malocclusion with severe crowding by the extraction of four premolars,
without subsequent orthodontic treatment, does not affect the long-term dentoskeletal and soft tissue profile, as compared to an untreated
Control group. The degree of crowding, rather than changes in dentofacial morphology, is crucial in deciding on extraction therapy.

Introduction and changes in the vertical facial dimension are considered to
be normal, age-related physiological changes (2,3).

As a consequence of the current aesthetic ideal, whereby pa-
tients favour fuller lips, non-extraction orthodontic treatment
options have become more popular. The potential changes in
lip position following premolar extraction and incisor retrac-
tion (7,8) may jeopardize the aesthetics. As a result, ortho-

dontists are reluctant to choose extraction treatment to relief

Longitudinal growth studies have reported significant,
age-related, craniofacial changes during adulthood (1-3).
Interest in facial aesthetics has increased markedly in recent
years. Cosmetic treatments, such as Botox and filler injections,
are frequently used to counteract age-related facial changes
(4). Orthodontists also have the opportunity to influence the
facial profile by changing the soft tissue-supporting struc-

tures, e.g. the positions of the teeth and dental arches (5,6).
Several studies have evaluated the effects of extractions and
subsequent orthodontic treatment on craniofacial changes
(7-16). Some studies have reported no significant differences
between the extraction and non-extraction orthodontic treat-
ment outcomes (10,11,15,16). However, other studies have
found that premolar extraction can affect the dentoskeletal
and soft tissue profile (7-9,12). Possible reasons for these
discrepant results are differences in the study designs and
inadequate control groups. Consequently, there is still no
clear consensus on the effects that tooth extraction has on
the dentoskeletal and soft tissue profile, despite the fact that
crowding of the teeth is the most common type of malocclu-
sion (17,18). Furthermore, continuous thinning of the lips

crowding. Furthermore, the tendency to treat teeth crowding
without extraction has been amplified by the marketing of
clear aligners and new bracket systems. This is the situation
despite the fact that many cases should have been treated with
extraction to achieve optimal outcomes.

It can be argued that orthodontic treatment, following
premolar extraction, may counteract adverse effects of the
extraction on the soft tissue profile and vertical dimension.
It is, therefore, interesting to study the long-term effects on
dentofacial structures of premolar extraction without subse-
quent orthodontic treatment. To date, only one study has in-
vestigated the effect of serial extraction, without subsequent
orthodontic treatment, on the soft tissue profile of patients
aged up to 20 years (14).
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The aim of present study was to investigate the effects of
premolar extractions, without subsequent orthodontic treat-
ment, on the dentoskeletal and soft tissue changes in a group
of patients with Class I malocclusion with severe crowding
(Extraction group), from early adolescence to late adulthood,
compared with a matched control group of orthodontically
untreated subjects with Class I normal occlusion (Control

group).

Materials and methods

Design

The study was approved by the Regional Ethical Board in
Umed, Sweden (registration no. 2012-410-31M). Written in-
formed consent was obtained from all participants at 60 years
of age. The present study is a longitudinal study, in which
follow-ups are performed from early adolescence (12 years;
T1) to late adolescence (15 years; T2) to early adulthood (30
years; T3) and to late adulthood (62 years; T4).

Lateral cephalograms were taken for all participants on all
four occasions. For the controls, all the radiographic examin-
ations were justified for research purposes. In the Extraction
group, the cephalometric examinations at T1 and T2 were
justified as part of the treatment, whereas at T3 and T4 they
were justified for research purposes. The radiation dose for
a lateral cephalogram is approximately 5.6 uSv, which is
equivalent to exposure to background radiation for 0.7 days
(19). This can be compared to a low-dose cone beam com-
puted tomography (CBCT) examination, for which the radi-
ation dose is 15- to 26-fold higher (20).

Material
The subjects in the study, when it was established in the
1960s, were all patients in the Public Dental Health Care in
Ume3, Sweden (21,22).

The material in the present study included standardized
cephalograms from two groups.

Extraction group

The Extraction group consisted of 30 patients from Persson’s
study (21). Initially, these patients had Angle Class I crowding
malocclusion, with a mean space deficiency of about 7 mm in
each dental arch (without other malocclusions) at 11 years
of age (T1). In addition, they were classified as having a har-
monious soft tissue profile and the mean values of the overjet
and overbite were 3.9 mm and 3.8 mm, respectively. The 30
patients had all their first premolars extracted at a mean age
of 11.5 years, to relieve crowding, without subsequent ortho-
dontic treatment. More information on the consequences of
extraction spaces were presented in the study of Persson et al.
(21). The 30 patients were documented with cephalograms at
mean ages of 11.7 years (T1), 14.5 years (T2), and 30.5 years
(T3), with three and five missing cephalograms at T1 and T2,
respectively. Only subjects still living in the public dental care
region were invited to participate in the study at T4. In total,
27 subjects were documented at a mean age of 62.8 years
(T4), although 2 subjects were excluded due to missing first
molars (Figure 1).

Control group

The Control group consisted of 30 untreated subjects from
the study of Thilander et al. (22). At 12 years of age (T1),
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Figure 1. Flowchart of the subjects in the Extraction and Control groups,
listing the sex and mean age (SD) of the participants in the study and
indicating the numbers of dropouts in periods T1, T2, T3, and T4.

these subjects had normal sagittal occlusion (without any
malocclusions) with mean relative spaces of about +1 mm
and -1 mm in the upper and lower dental arches, respectively.
In addition, they had a normal soft tissue profile (23) and the
mean values of the overjet and overbite were 3 mm and 3 mm,
respectively. The 30 untreated subjects were documented with
cephalograms at mean ages of 12.8 years (T1), 15.7 years
(T2), and 30.8 years (T3), with one missing cephalogram at
T2. Only subjects still living in the public dental care region
were invited to participate in the study at T4. In total, 26
subjects were documented at a mean age of 61.6 years (T4),
although 4 subjects were excluded due to missing first molars
(Figure 1).

The exclusion criteria were: orthodontic treatment; max-
illofacial surgery; using mandibular advancement devices for
treatment of snoring; craniofacial anomalies; missing teeth
and prosthodontic treatment including teeth mesial to the
upper and lower second molars.

Methods

For both groups, the lateral cephalograms were analogue radio-
graphs, exposed using the same cephalostat, the Philips Super
Rotalix x-ray tube (Philips, Germany), at T1, T2, and T3 with
magnification factor of 1.1 (in the midline). The cephalograms
at T4 were digital radiographs, acquired using the Cranex
cephalostat (Soredex, Helsinki, Finland), also with magnifica-
tion factor of 1.1 (in the midline). Linear measurements were
adjusted to a standardized enlargement of 10% (24).

All the cephalograms were acquired with habitual occlu-
sion and with relaxed lips. To conduct the digital cephalo-
metric analysis, all the cephalograms from T1, T2, and T3
were scanned with the Epson Perfection V750 Pro digital
scanner (EPSON Europe B.V.) at a resolution of 250 dpi.
Thereafter, the cephalograms were imported as JPEG files
into the FACAD® ver. 3.9.2.1133 cephalometric software.
To enable calibration of the linear measurements in both
groups, a calibration ruler was placed on each radiograph
during scanning at T1, T2, and T3, and the cephalostat
used at T4 was equipped with a calibration ruler. All the
cephalograms were coded in FACAD, so as to perform ran-
domized tracing.

Cephalometric analysis

In all, 26 cephalometric landmarks and 6 lines were used
in the present study (Figure 2), and 42 angular and linear
cephalometric parameters were used to describe the dental,
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Figure 2. (a) Cephalometric landmarks. (b) Lines used in the present
study.

skeletal, and soft tissue morphologies (Supplementary Table).
Two reference lines, the nasion-sella line (NSL) and a per-
pendicular line through the sella (NSLP), and two reference
landmarks, sella (S) and nasion (N), were used in the T1
cephalogram.

A superimposition-based cephalometric method (25) was
used to measure 22 of 42 parameters at T2, T3, and T4 in re-
lation to the S and N landmarks at T1. Superimposition was
performed on the anterior cranial base using the Tuberculum
Sella-Wing point method (25). After superimposition, ref-
erence lines NSL and NSLP and landmarks S and N were
transferred digitally from the T1 cephalogram to the T2, T3,
and T4 cephalograms. The FACAD program enabled meas-
urements of the 22 parameters for each of the T2, T3, and T4
cephalograms in relation to these transferred reference lines
and landmarks from the T1 cephalogram.

A conventional cephalometric method was used to perform
direct measurements (independent of the superimposition) of
the remaining 20 parameters. The cephalometric analysis and
superimposition, for all included subjects, were performed
digitally by one orthodontist (NA-T).

Similarities between the Extraction and Control groups in
terms of dentoskeletal and soft tissue morphologies at T1
were required to exclude the influences of confounding fac-
tors on the studied parameters. Therefore, a comparison of
15 parameters, describing the dentoskeletal and soft tissue
patterns, was performed for the groups at baseline (T1)

(Table 1).
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The changes in 42 parameters, from T1 to T2, T2 to T3,
and T3 to T4 in the Extraction group, were compared with
the corresponding changes in the Control group (Tables 2-4).

Error of method

In order to evaluate the intra-observer reliability of the ceph-
alometric measurements, 20 randomly selected cephalograms
were retraced by the same orthodontist (NA-T) 3 months after
the initial tracing. The intra-observer reliability was assessed
by estimating the intra-class correlation coefficients (ICCs)
with 95% confidence intervals. The intra-observer reliability
of the cephalometric measurements was good, with ICCs in the
range of 0.92-0.99 for most of the parameters. However, the
ICCs were 0.84 and 0.88 for the horizontal distance of menton
to vertical reference line (Me-NSLP) and nasolabial angle, re-
spectively. The inter-observer reliability of the cephalometric
measurements has been described by Al-Taai et al. (3).

Statistical analysis

Independent samples #-test were used to determine significant
differences in the skeletal, dental, and soft tissue patterns be-
tween the Extraction and Control groups at baseline (T1).

Tests of differences in changes to the dentoskeletal and soft
tissues between the Extraction and Control groups were car-
ried out using the independent samples z-test.

To maximize the use of available information in data,
the analyses of differences between time points have been
performed using a pairwise deletion approach rather than
listwise deletion. Thus, if a subject had measurements al-
lowing the calculation of a change between two time points,
this data point contributed to the analyses regardless if data
were missing at some other time points for that subject.

All statistical analyses were performed using the R ver.
4.0.0 software (R Core Team 2020), and the significance level
was set at P < 0.0S.

Results

Cephalometric comparisons at baseline (T1) between the
Extraction and Control groups showed no significant differ-
ences for the skeletal sagittal and vertical relations, incisor
inclination, and soft tissue profile (Table 1). Although signifi-
cant differences were found between the two groups in the
SNB, ANB, and facial profile angles, the values were within
the normal range of orthognathic morphology (3).

Tables 2-4 show the mean differences in the skeletal,
dental, and soft tissue changes, respectively, between the time
points for the Extraction and Control groups, and present the
tests of differences in the changes between the groups at the
different periods.

Changes fromT1 toT2

During the adolescence period, no significant differences in
dentoskeletal and soft tissue changes were found between the
groups, with two exceptions. The distance between the lower
incisor and A-Pogonion line (li-APog) increased 0.6 mm more
in the Extraction group, and the Mentolabial angle increased
in the Control group and decreased 5° in the Extraction
group (Tables 2-4).

Changes fromT2 to T3

From late adolescence to early adulthood, the changes in
the sagittal position of the maxilla (SNA) and chin (SNPog)
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Table 1. Mean values (SD) for the dental, skeletal and soft tissue parameters, comparing the Extraction and Control groups at baseline (T1).

European Journal of Orthodontics, 2023

Time point/parameters Extraction group (N =27)

Control group (N = 30)

Test of differences between groups (P-value)

T1 T1
Sagittal relations
SNA (°) 81.86 (3.51) 82.52 (3.16) 0.460
SNB (°) 79.09 (3.49) 80.75 (2.47) 0.041
ANB (°) 2.79 (1.72) 1.78 (1.57) 0.024
Vertical relations
ML/NSL (°) 33.56 (4.95) 31.85 (4.45) 0.176
NL/NSL (°) 6.21 (3.60) 6.00 (2.65) 0.800
ML/NL (°) 27.35 (4.73) 25.84 (4.55) 0.224
Dental relations
ILs/NL (°) 109.87 (6.48) 111.81 (4.44) 0.191
ILi/ML (°) 87.06 (5.92) 88.33 (4.69) 0.371
Interincisal angle (°) 135.72 (9.77) 134.02 (7.20) 0.455
Soft tissue profile
Total facial convexity (°) 142.80 (4.82) 144.22 (3.91) 0.227
Facial profile angle (°) 166.06 (5.17) 168.95 (3.51) 0.016
Nasolabial angle (°) 115.39 (10.99) 112.00 (8.61) 0.197
Mentolabial angle (°) 134.96 (9.74) 136.07 (7.78) 0.634
Upper lip thickness (mm) 11.98 (1.69) 11.99 (1.48) 0.983
Lower lip thickness (mm) 13.30 (1.59) 12.63 (1.06) 0.066

Bold entries highlight the statistically significant value.

showed significantly more-pronounced (1°) forward growth
in the Extraction group than in the Control group. Apart
from this, there were no significant differences in skeletal sa-
gittal changes between the groups.

Significant differences were observed between the groups
for changes in the skeletal vertical parameters. The man-
dibular inclination (ML/NSL), vertical jaw relation (ML/NL),
and Gonial angle decreased to greater extents (1.7°, 1.6°,
and 2.2°, respectively) in the Extraction group. Moreover,
the anterior, lower anterior, posterior, and lower posterior
facial heights increased to greater extents (2 mm, 1.5 mm,
3.8 mm, and 2.8 mm, respectively) in the Extraction group.

No statistically significant differences were found between
the groups in terms of changes to the incisor inclination.

Four of the twelve soft tissue profile parameters showed
significant differences between the groups. The anterior (MEs-
NSL) and lower anterior (NL-MEs) soft tissue facial heights
increased more, by 3 mm and 2 mm, respectively, in the
Extraction group. Furthermore, the protrusions of the upper
and lower lips in relation to the vertical reference line (Ls-NSLP
and Li-NSLP) increased in the Extraction group (Tables 2—4).

Changes fromT3 toT4

From early to late adulthood, the groups exhibited no signifi-
cant differences in 39 of the 42 parameters. The skeletal vertical
parameters, ML/NSL and ML/NL angles, increased more in the
Control group, and the distance from the upper lip to the aesthetic
line (Ls-EL) increased more in the Extraction group (Tables 2—4).

Discussion

The current study shows that early extraction of four pre-
molars as treatment for patients with Class I malocclusion

with severe crowding has no effect on the long-term changes
of the dentoskeletal and soft tissue profile, as compared with
an untreated control group classified as having normal oc-
clusal and dentofacial relations.

In the present study, a long-term (up to the sixth decade of life)
assessment of dentoskeletal and soft tissue changes related to the
extraction of premolars, without subsequent orthodontic treat-
ments, was performed. Given that the Extraction and Control
groups showed similar dentoskeletal and soft tissue morpholo-
gies at baseline, the groups were considered to be well-matched.
Thus, potentially confounding effects related to sample selection,
orthodontic treatment, and/or growth were avoided in this study.

As previously reported (21), the residual extraction spaces
closed in almost all the cases already at T3, and this closure
was rapid initially and achieved by tipping of the adjacent teeth
in the lower arch. Spontaneous alignment and space closure in
Class I crowding cases, following the extraction of four pre-
molars, may be part of a so-called ‘serial extraction treatment’.
To date, only one study has investigated the effect of serial ex-
tractions, without subsequent orthodontic treatment, on the
soft tissue profile from 13 to 24 years of age (14). In the 10-year
follow-up (14), the serial extraction group was compared with
patients who underwent serial extraction and orthodontic treat-
ment and other patients who underwent late premolar extrac-
tion and orthodontic treatment. No significant differences were
found in relation to the changes in the soft tissue profile be-
tween these three different treatment methods (14). However,
that study did not include an untreated control group, and the
follow-up period was shorter (14), making comparison with the
present study difficult. This means that with the present study
we add 40 years of knowledge to this topic.

In the present study, the groups showed similar changes
in the skeletal sagittal relations throughout the observation
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Table 3. Differences in the mean values (SD) of the dental relation changes between time points for the Extraction and Control groups, together with tests of the differences in the changes between the

groups at different periods.

Test of differences between groups

Control group

T2-T3 (N

Extraction group

T2-T3 (N

Periods/parameters

P-value
T3

P-value
T2
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-0.66
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1.65
1.49
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Bold entries highlight the statistically significant value.

*Measured according to superimposition-based cephalometric method (25).
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period. Similar results have been obtained in short-term
studies of orthodontically treated patients (26,27). However,
the significant differences noted in the present study between
the two groups with respect to the changes in the SNA and
SNPog angles, from late adolescence to early adulthood, in-
dicate slightly more anteriorly directed growth of the max-
illa and chin in the Extraction group. We consider that this
difference is not a result of the premolar extractions. Thus,
in clinical terms, premolar extractions in cases of Class I mal-
occlusion with severe crowding, without subsequent ortho-
dontic treatment, do not affect the skeletal sagittal growth
pattern.

It has been reported that changes in the inclination of
the upper and lower incisors induced by orthodontic treat-
ment may result in positional changes of the A and B land-
marks, which in turn result in a change to the sagittal jaw
relation (ANB) (28,29). It is noteworthy that throughout
the entire observation period, we found no significant dif-
ferences between the groups for the eight studied parameters
that describe the inclination and protrusion of the incisors.
The incisor retroclination observed in the Extraction group
throughout the observation period was similar to that in the
Control group and can be attributed to age-related changes.
Moreover, incisor relations expressed by overjet and over-
bite exhibited no significant differences between the groups
throughout the observation period (30). Therefore, in the
clinical context, premolar extractions in patients with Class
I malocclusion with severe crowding, without subsequent
orthodontic treatment, do not affect the inclination and pro-
trusion of the upper and lower incisors. This is in contrast
to the results obtained in short-term studies, showing greater
retroclination of the incisors in orthodontically treated pa-
tients with extractions, as compared to non-extraction treat-
ments (9,26,27).

The groups showed similar skeletal vertical changes during
the adolescence period. This accords with the results of short-
term studies that compared the effects of orthodontic treat-
ment with and without extractions (15,16,27). Therefore,
the concept that premolar extraction, without subsequent
orthodontic treatment, affects facial heights or vertical jaw
relations is based on a low level of evidence, at least during
adolescence.

However, from late adolescence to early adulthood, the
skeletal facial heights (anterior, lower anterior, posterior, and
lower posterior) increased to greater extents in the Extraction
group than in the Control group. This might be explained by
tipping and extrusion of the posterior teeth concomitant with
mesial migration, following premolar extraction, as observed
earlier (21).

In contrast to the similar changes observed for the maxil-
lary inclination (NL/NSL) in the two groups throughout the
observation period, the changes in mandibular inclination
(ML/NSL) differed significantly between the groups from
late adolescence to early adulthood and from early to late
adulthood.

The extraction group exhibited a slight anterior mandibular
rotation and slightly greater degree of deepening of the ver-
tical jaw relation (ML/NL) and Gonial angle, as compared to
the Control group, from late adolescence to early adulthood.
This is attributed to the larger increase in the posterior facial
height, about 4 mm, following premolar extraction.

From early to late adulthood, the Extraction group showed
lower degrees of posterior mandibular rotation (1°) and

€202 YoJel\ 90 uo Jesn Ausiaaiun eswn Aq 1.822£99/6./1/S/a1on4e/ole/woo dno olwapeoe)/:sdiy Wwoll papeojumoc]



85

N. Al-Taai et al.

Downloaded from https://academic.oup.com/ejo/article/45/1/79/6632281 by Umea University user on 06 March 2023

*(§7) poyzaw orswoleydad paseq-uonisoduwiriadns 01 UIpI0oE PINSEIIN
‘an[eA juedyrugis AJ[ednsnels oyl 3YSySIy salud pjog

65L°0 8440 990°0 (Tze)oTt (19°7)50°¢ (LS DLTY (FL Y60 (zec)sLe (08°€)16°S () TSN
€€9°0 SL1°0 0¥°0 (89'7) 96°¢ (61°7) 86°¢ (01'27) S6°¢ (€€ 19°¢ (€¥'v) 9T’ (ST°€) 98°% « () TON-ST
¥2L0 S10°0 LLY'0 (¥8'7) 0S°¢C- (89'7) €570~ (290 9s°C (LSO CTC- (#9°€) ¥9°1 (01°€) 00T (W) JTSN-IT
8240 7200 9¢6°0 (957) 00°¢- (61°7) LS T~ (S¥'7)9¢C (LT7) $S°¢- (bL€) L€°0 (rL0) 1T (W) JTSN-ST
9880 8€¢T0 w910 (b€'1) €9°0- (£6°0) 9170~ (81°1) 880 (9€'1) 89°0- (89'1) 8T°0 (oroert () 11-pi
0€1°0 T01°0 1S€°0 (08°1) T6°0~ (1v'1) 9t 1~ (FS1)€L°0 FT1) 191~ (94°1) ¥L°0~ (Lzr)ort (ww) sT-15]
€CT0 89+°0 6L€°0 (€¥'1) LET- (85'1) 181~ (6T°1) 8670~ (€¥'1) 88°1- (L) ¥1eC- (6T1) 6T 1~ (ww) T3-17
T70°0 65L°0 60570 (S6°1) 1£°0~ (FS1) 19T~ (€s1) Ts1- (T€°1) 981~ (T6°1) s£7T- FT1) L1 (ww) TH-57
€LE°0 9810 €000 (85°6) 81°9 (209) 1S°¥ (8%'9) 0¥°0 (€0'6) L€ (+0'6) 8¥°L (1%°9) 81°6- (o) SOAMSIT
65€°0 296°0 €85°0 (28'9) 6t°S- (LTL)ore- (§9°5) 8€°0 (0€°8) tv'e- (€£9) 10T (§8°2) 90~ (o) ST/NS/SIN
$L0°0 1200 17970 (Leorrt (tro) s9¢ (810 81'¥ (80'27) 80°0 (6¥'%) 98°F (ST 8v'¥ (ww) sEN-IN
L19°0 ¥10°0 §ETO (8£°1) €6°0 (€v'0) €0'¥ (£57€) €89 (€70 €90 (€579) s€°L (9t°€) 66°L « () TSN-SAN
60T°0 8090 €080 (6¥'T7) LOY (08'7) 6£°C (+€7) 80°0 (rre)ers (9T°€) 96'1 (L€ ¥T0 (o) SDA/NS/TO
¥99°0 148°0 10€°0 (y1°7) L€°0 (160 1L°0~ (9T°€) 1v'1- (1577 L9°0 (01°€) ¥8°0~ (€90) 9T (o) SOINIL/TO
$ 1 SNSIOA €1 €] SNSIOA 7T TL SNSIOA [T
anjeA-J onjeA-J onyeA-J (TT=N) ¥1-€1 (6T=N) €1-TL (6T=N)T1-TL (ST=N) ¥1-€L (ST=N) €1-TL (ST=N) TI-TL
sdno13 uaaM39(q SIOUSISYJIP JO 1S9, dnoi3 jonuo) dnoi3 uonoenxy s1o3owered/sporng

‘spouad jualeylp 1e sdnolb

8} UBBMIBQ SBBUBLD 81 Ul SeoUBIByIP 81 JO S1S8) YlIM 18y1ebol ‘sdnolb [011U0) pue uooeix3 oyl 1o} siulod swi usemiaqg sebueyo |1401d 8Nnssit YOS 8y} JO (JS) Sen|eA uesll 8yl Ul Seousiayiq b d|qeL



86

opening of the ML/NL angle (1.5°), as compared to the
Control group. This reflected slight differences in the changes
of the anterior relative to the posterior facial heights between
the groups. Given these small differences between the groups,
we cannot attribute them to premolar extraction. However,
from early to late adulthood, both groups showed low levels
of posterior mandibular rotation and opening of the vertical
jaw relation. This is due to the remodelling that occurs within
the region of the angle of the mandible from early to late
adulthood, as observed by Al-Taai and colleagues (3).

Clinically, the extraction of premolars in patients with
Class I malocclusion with severe crowding, without subse-
quent orthodontic treatment, may increase the facial heights
and may, simultaneously, result in slight anterior mandibular
rotation and deepening of the vertical jaw relation from late
adolescence to early adulthood. Thereafter, from early to late
adulthood, premolar extraction results in relatively stable fa-
cial heights concomitant with slight posterior mandibular ro-
tation and opening of the vertical jaw relationship.

Both groups showed similar changes to the soft tissue
profile, with the exceptions of the changes in the Mentolabial
angle and position of the upper lip during the adolescence
period and from early to late adulthood, respectively. The
decrease in the Mentolabial angle in the Extraction group
might be due to soft tissue growth rather than the extrac-
tion itself, given that similar changes in the sagittal relations
(SNB, SNPog, B-NSLP, and Pog-NSLP) and dental inclin-
ations (lia-Ii/ML and Til-NSLP) were noted in the two groups.
The more-retruded upper lip in relation to the aesthetic line,
as seen in the Extraction group, may reflect more-pronounced
thinning of the upper lip, since similar changes in the sagittal
relations (SNA and A-NSLP) and dental inclination (Isa-Is/
NL and IsI-NSLP) were observed in the two groups. Short-
term and long-term studies have reported more-retruded lips
in patients who underwent premolar extractions and ortho-
dontic treatment (9,11,26,27).

From late adolescence to early adulthood, the Extraction
group showed more-pronounced increases in the anterior and
lower anterior soft tissue facial heights than did the Control
group, probably due to the more-pronounced skeletal vertical
growth observed in the Extraction group. In addition, the
slight protrusion of the lips in the Extraction group compared
to the Control group from late adolescence to early adult-
hood likely reflects a more anteriorly directed growth of the
jaws rather than an effect of the extraction itself.

Among the soft tissue parameters that exhibited signifi-
cant differences between groups, the differences were small
and could, therefore, not be considered clinically significant.
Consequently, the extraction of four premolars in cases of
Class I malocclusion with severe crowding does not affect the
long-term soft tissue profile changes, which include: the facial
profile angle, total facial convexity or nasolabial angle, and
lip thickness or length, as well as the lower lip distance to the
aesthetic line. This is consistent with the results of a study that
compared the soft tissue profile changes in serial extraction
and late premolar extraction treatments from 13 to 24 years
of age (14), and also with long-term follow-up studies of ex-
tractions with subsequent orthodontic treatment (11,13).

It has been reported in short-term studies that lip pos-
ition can be affected by the incisor position after extraction
(9,26,27). However, our study could not confirm this, since
both groups showed similar changes in incisor inclination and
lip position.

European Journal of Orthodontics, 2023

Clinical implications

In cases of Class I malocclusion with severe crowding, the
degree of crowding, rather than future changes in soft tissue
profile and incisor inclination, should be the main consider-
ation when choosing an extraction therapy in the absence of
subsequent orthodontic treatment.

Limitations

Assessment of the growth-related changes were performed on
2D radiographs rather than 3D (CBCT) images. This technique
was not available 50 years ago and is questionable from the
radiation protection and ethical perspectives. The radiation
dose from a lateral cephalogram is low, approximately 5.6
uSv, which is equivalent to 0.7 days of average background
radiation to which general population in, for example, the
USA or Sweden is exposed (19). This can be compared to a
low-dose CBCT examination, where the dose is 15-26 times
higher (20). Therefore, the widely used 2D lateral cephalo-
metric radiographs can be justified from the radiation protec-
tion perspective, and are still useful when long-term assessment
of craniofacial changes is performed based on superimposition.

In the present study, cephalometric measurements of 22 linear
and angular parameters at T2, T3, and T4 were performed using
a superimposition-based method (25). Thus, the age-related
positional changes in the nasion and sella landmarks were ex-
cluded when assessing parameters related to the cranial base.

In addition, the cephalograms acquired at T1, T2, and T3
needed to be scanned. The scanning process may have caused
slightly reduced resolution and some blurring.

In the current study, there were more women than men
in the Control group. Given the previous findings (1,2) that
men and women exhibit different directions of mandibular
rotation, this may have skewed the comparison with the
Extraction group. However, when the groups were merged
(to achieve higher power) we observed that men showed the
same vertical jaw inclination as women during T1-T2 and
T2-T3 in this material.

Finally, it could be argued that the pronounced increases
in facial heights in the Extraction group are a consequence of
more women being included in the Control group, since it has
been observed (2) that men record higher values for the linear
craniofacial dimensions than women. Nevertheless, when we
performed a gender-based analysis, the men and women, re-
spectively, in the Extraction group showed greater increases
in the facial heights than those in the Control group.

Conclusions

Treatment for subjects with Class I malocclusion with severe
crowding by the extraction of four premolars, without subse-
quent orthodontic treatment, does not affect, in general, the
long-term changes in the skeletal relations, incisor inclination
or protrusion, and lip support or soft tissue profile, as com-
pared to untreated controls.

Therefore, in Class I malocclusion with severe crowding, the
degree of crowding, rather than changes to the dentoskeletal
and facial aesthetics, is the crucial factor in deciding to employ
extraction therapy without subsequent orthodontic treatment.
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