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Summary

Objective: To evaluate if the morphology of the mandibular symphysis is associated with the 
development of gingival recession.
Materials and methods: A cohort of 177 patients was followed longitudinally for up to 5 years post-
treatment. Based on the width of the symphysis, participants were divided into three groups: narrow 
(n = 57); average (n = 63), and wide symphysis (n = 57). Morphology of the symphysis and inclination 
of incisors were measured on lateral cephalometric radiographs before treatment (Ts), at the end of 
treatment (T0) and 5 years after treatment (T5). Gingival recession and the change of clinical crown 
heights in mandibular incisors were measured on plaster models made at TS, T0, and T5.
Results: From TS to T5 the change in inclination was comparable in the narrow, average, and 
wide groups. At T5, gingival labial recession was present in 19.3 per cent of patients with narrow 
symphysis, 20.6 per cent with average symphysis, and 14 per cent of patients with wide symphysis. 
The difference was not significant. The mean change of clinical crown height was <1  mm  
(TS − T5). The regression model showed some evidence that incisor inclination at Ts might have 
been associated with the change of mean clinical crown height (−2.51, 95% CI: −4.6 to −0.4, 
P = 0.02). The logistic regression model demonstrated that H1 (Height 1) might be associated with 
the development of gingival recession (OR = 0.75, 95% CI: 0.58 to 0.96, P = 0.03).
Conclusion: Within the limitations of this study, there is no evidence that the overall morphology 
of the mandibular symphysis is associated with gingival recession development.

Introduction

Gingival recession, that is exposure of the root surface caused by 
apical displacement of the gingival margin past the cemento-enamel 
junction (CEJ) (1), is a common problem in humans. Depending 
on the population, it can be present in over 90 per cent of healthy 
people who are 50 years of age or older (2). The aetiology of gingi-
val recession is unclear, however, traumatic tooth brushing and the 

presence of inflammation in periodontal tissue are regarded as the 
two most important aetiologic factors (3). It has also been suggested 
that the morphology of the gingival tissue, that is gingival biotype, is 
related to the occurrence of gingival recession (1, 4) or to the effec-
tiveness of the surgical coverage of recession (5, 6). Gingival tissue 
can be broadly categorized as thick, average, or thin. Thick gingival 
tissue is densely fibrous and significantly keratinized, whereas thin 
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gingival tissue is delicate with less keratinization compared to thick 
gingival tissue (7, 8). It is implied that thick gingiva is protective 
against recession, whereas thin tissue is conducive to the occurrence 
of gingival recession (1).

Orthodontic patients have an increased risk in developing gin-
gival recession (9, 10). Slutzkey and Levin (9) found recession sites in 
14.6 per cent of evaluated young Israeli conscripts. The prevalence, 
extent, and severity of the recession were associated with past ortho-
dontic treatment and oral piercing. Renkema et al. (10). compared 
orthodontically treated and untreated young adults and showed that 
participants with a history of orthodontic treatment were 4.5 times 
more likely to have recession sites compared to untreated controls. 
The exact mechanism by which orthodontic treatment could induce 
the development of gingival recession development is not fully 
understood. However, proclination of mandibular incisors in a nar-
row alveolar process can facilitate the formation of alveolar bone 
dehiscences and result in the occurrence of gingival recession (10).

The quantity of the alveolar bone could be associated with the 
development of gingival recession. Studies on immediately placed 
implants indicated an association between the thickness of the buc-
cal bone wall and the alterations of alveolar crest that occurred after 
implant placement into extraction sockets. The thicker the buccal 
alveolar bone, the less vertical resorption of alveolus was observed 
(11, 12). In contrast, orthodontic studies did not provide evidence 
implying a similar relationship. A possible reason is that researchers 
usually attempted to identify a relationship between occurrence of 
gingival recession (13) or alveolar bone defect (14) with the facial 
type assuming that facial type is closely associated with morphology 
of the alveolar process. In this investigation, we will test the null 
hypothesis (H0) that participants with a narrow symphysis have 
comparable gingival recession long-term following orthodontic 
treatment as participants with an average or wide symphysis.

Materials and methods

This study respected the Declaration of Helsinki with regard to 
research in human subjects. According to Dutch law on medical 
research the use of anonymized data gathered during patient care 
does not fall within the remit of the Medical Research Involving 
Human Subjects Act (WMO). Therefore, this investigation could be 
carried out without an individual approval by an accredited research 
ethics committee.

This was a retrospective study in which participants were fol-
lowed longitudinally for 8.2  years, from the start of orthodontic 
treatment to five years after completion of therapy.

The post-treatment archive at the Department of Orthodontics 
and Craniofacial Biology, Radboud University Nijmegen Medical 
Centre, Nijmegen, the Netherlands, was searched for participants 
meeting the following inclusion criteria: treated with full fixed 
appliances; a bonded lingual retainer placed directly after active 
orthodontic treatment; no orthodontic re-treatment; initial, end-of-
treatment, and long-term after treatment dental casts made at the 
ages of approximately 12.5  years (pre-treatment, TS), 15 (end-of-
treatment, T0), and 20 (long-term, T5) years available. The choice 
of age was dictated by the time when typical orthodontic treatment 
starts, and by the protocol for post-treatment records collection 
used at Radboud University Nijmegen Medical Centre. All partici-
pants had a lingual retainer, either bonded only to the mandibular 
canines or bonded to all six mandibular anterior teeth during the 
entire post-treatment period. In all patients four mandibular incisors 
were present at T5. Exclusion criteria were: combined orthodontic/

surgical treatment, restorative treatment (except for single crowns) 
after orthodontic therapy, and dental casts of poor quality, particu-
larly in the area of gingival margin.

Out of 500 potentially eligible participants, 177 (76 males and 101 
females) met the inclusion criteria. Based on the width of the symphy-
sis (W2 variable, described in detail in the Measurements subsection) 
and taking into account sexual dimorphism (15), males and females 
were divided separately into three groups of comparable sizes:

1. Narrow symphysis (males: N = 24 males, W2 < 7.3 mm; females: 
N = 33, W2 < 6.8 mm)

2. Average symphysis (males: N = 26, W2 ≥ 7.3 mm and < 8.3 mm; 
females: N = 37, W2 ≥ 6.8 mm and < 7.8 mm)

3. Wide symphysis (males: N = 26, W2 ≥ 8.3 mm; females: N = 31, 
W2 ≥ 7.8 mm).

Demographic data, such as gender, age at TS, T0 and T5, and type 
of retainer, were obtained from the patient files. Malocclusion clas-
sification of Angle was determined on the right side of the initial 
(TS) plaster models. Study size analysis was not performed before an 
initiation of the investigation. Instead, all eligible participants were 
included in the study.

Measurements

Morphology of mandibular symphysis was determined by a single 
investigator (KM) on lateral cephalometric radiographs according 
to Gütermann et al (16). In summary, height (H1 and H2), width 
(W1 and W2), and depth (D) of the symphysis were measured on 
pre-treatment (TS) radiographs with mandibular plane (MP, a plane 
tangent to the lower border of the mandible) as a reference plane for 
all measurements. Inclination of incisors (Inc Inclin) relative to MP 
was determined on radiographs made before orthodontic treatment 
(TS), at the end of treatment (T0), and five years after treatment (T5). 
Details of measurements are in Figure 1 and group characteristics 
are in Table 2.

The periodontal outcome variables recorded by a single inves-
tigator (AMR) were: 1) the presence of gingival labial recession in 
mandibular incisors, which was scored (Yes or No) on plaster models 
at TS, T0, and T5 and 2) the change of clinical crown heights of man-
dibular incisors, also measured on the plaster models at TS, T0, and 
T5. A gingival recession was noted (scored Yes) if the labial CEJ was 
exposed. The clinical crown heights were determined as the distances 
between the incisal edges and the deepest points of the curvature of 

Figure 1. Details of measurements performed on cephalograms. Descriptions 
are in Table 1.

European Journal of Orthodontics, 2018, Vol. 40, No. 2186

D
ow

nloaded from
 https://academ

ic.oup.com
/ejo/article-abstract/40/2/185/3868777 by U

niversitaetsbibliothek Bern user on 07 February 2019



the vestibulo-gingival margins. The measurements were made with 
an electronic calliper (Digital 6, Mauser, Winterthur, Switzerland) by 
one investigator (AMR) with an accuracy of 0.01 mm. In this study 
only the mean crown heights of four mandibular incisors were used. 
The validation of the use of plaster casts for scoring gingival reces-
sion sites has been previously reported by Renkema et al. (10).

Potentially confounding variables such as plaque accumulation, 
bleeding on probing of gingival pockets, smoking, tooth-brushing 
habits were unknown and were not considered in the analysis.

Method error

Error of measurements on plaster models was described in Renkema 
et al. (10). The error of measurements on cephalometric radiographs 
was assessed with Bland–Altman plots (17) based on double meas-
urements of 25 randomly selected radiographs performed in more 
than 2 weeks apart (Figure 2).

Statistical analysis

Descriptive statistics with means and standard deviations were cal-
culated for the participant characteristics at TS, T0, and T5. One-way 

analysis of variance and independent t-tests were used in order to 
identify potential differences in age, orthodontic treatment duration, 
morphological parameters H1, H2, W1, W2, D and incisor inclin-
ation at TS, T0, and T5 between participants with narrow, average, 
and wide symphysis, and gender, respectively.

Fisher’s exact test was used to assess differences in the prevalence 
of recession sites at TS and T5 among participants with narrow, aver-
age, and wide symphysis, and among males and females.

To assess the influence of variables effecting the development 
of gingival recession in mandibular incisors from TS to T5 (depend-
ent variable), the following independent variables were considered: 
symphysis morphology (H1, H2, W1, W2, and D), gender, length of 
orthodontic treatment, incisor inclination before orthodontic treat-
ment and change of incisor inclination during orthodontic treat-
ment (independent variables). In order to do so, a random effects 
logistic regression model was applied. To estimate the influence of 
H1, H2, W1, W2, D, gender, length of orthodontic treatment, inci-
sor inclination before orthodontic treatment and change of incisor 
inclination during orthodontic treatment (independent variables) 
on the change of the mean clinical crown height of all mandibu-
lar incisors (dependent variable), a random effect linear regression 
model was applied.

Table 1. Description of measurements—details in Figure 1.

Symbol Definition Description

MP Mandibular plane Plane tangent to the lower border of the mandible and passing through the most inferior point on the outer contour 
of the symphysis

Inc Axis Axis of the incisor Line passing through the edge and apex of mandibular incisor
B Point B Most posterior point of the bony curvature between the crest of the alveolar process and the chin
W1 Width of symphysis Distance between the anterior and posterior tangents to the symphysis perpendicular to the mandibular plane
W2 Width of alveolus Distance between point B and the posterior contour of the symphysis, measured parallel to the mandibular plane
H1 Height 1 Perpendicular distance from point B to mandibular plane
H2 Height 2 Perpendicular distance from incisal edge to mandibular plane
D Depth Distance between point B and the posterior tangent to the symphysis perpendicular to the mandibular plane
Inc Incl Incisor inclination Angle between the axis of the incisor and mandibular plane

Figure 2. Bland–Altman plots demonstrating the bias for cephalometric variables.
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Statistical analyses were conducted with Stata statistical software 
(v.14.2; Stata Corp, Texas, USA). Bland–Altman plots were made with 
MedCalc program (v. 15.4; MedCalc Software bvba, Ostend, Belgium).

Results

Sample
The proportion of males was comparable in narrow, average, and 
wide groups (31.5 per cent versus 34.2 per cent versus 34.2 per cent in 
narrow, average, and wide groups, respectively). All three groups were 
also well-matched regarding age at TS, T0, and T5 (Table 2). The mean 
length of orthodontic treatment was 3 years in narrow, 2.6 years in 
average, and 2.7 years in wide groups respectively, and ranged from 
1.2 to 5.2 years (narrow), from 1.4 to 5.5 years (average), and from 
1.1 to 5.1 years (wide). However, comparing the narrow versus aver-
age and wide groups, orthodontic treatment lasted approximately 
3–4  months longer in participants with narrow symphysis than in 
participants with average or wide symphysis (P = 0.04).

Symphysis morphology and incisor inclination
The narrow, average and wide groups were selected on the basis 
of different widths of alveolus (W2). In order to accommodate 

inter-gender differences, cut-off values for males were 0.5  mm 
larger than for females. There was an inter-gender difference for W2 
(P = 0.03). The mean width of alveolus (W2) was 6.35 mm in the 
narrow group, 7.52 mm in the average group, and 8.81 mm in the 
wide group. The symphysis width (W1) was smaller by 1.28 mm in 
the narrow group in comparison to the wide group and 0.39 mm 
smaller in comparison to the average group (P < 0.001). The sym-
physis depth (D) was also smaller in the narrow group compared 
to the average group (difference = 1.49) and the wide group (differ-
ence = 3.06 mm, P < 0.001). However, both measures of symphysis 
height (H1 and H2) were comparable in all three groups (narrow, 
average, and wide).

The narrow, average, and wide groups differed regarding inci-
sor inclination (Table 3), which was consistently larger in the wide 
group at all observation time points (TS T0, and T5). However, the 
change of inclination during (TS to T0) and after (T0 to T5) ortho-
dontic treatment was comparable in the narrow, average, and wide 
groups—incisors were proclined by about 5  degrees during treat-
ment and remained stable until 5 years after orthodontic treatment.

During orthodontic treatment, the incisors were more proclined in 
females than in males (Table 3). As a result, the inclination of incisors 
was larger in females than in males by 3.52 degrees in both T0 and T5.

Table 3. Incisor inclination in males and females with different symphysis shapes.

Narrow (N = 57) Average (N = 63) Wide (N = 57) P

Symphysis shape
 Incisor inclination pre-treatment 90.64 (5.91) 93.06 (7.97) 96.00 (6.45) <0.001
 Incisor inclination post-treatment 96.80 (6.02) 97.03 (7.17) 100.51 (6.58) 0.00
 Incisor inclination 5 years after treatment 97.44 (6.96) 98.06 (7.53) 101.43 (6.60) 0.01

Males (N = 76) Females (N = 101) Diff

Gender
 Incisor inclination pre-treatment 92.11 (6.37) 94.06 (7.64) −1.95 0.07
 Incisor inclination post-treatment 96.07 (5.92) 99.59 (7.05) −3.52 <0.001
 Incisor inclination 5 years after treatment 96.94 (6.81) 100.46 (7.20) −3.52 0.01

Table 2. Group characteristics.

Narrow (N = 57) Average (N = 63) Wide (N = 57) P

Symphysis shape
 Age pre-treatment (TS) 12.27 (0.76) 12.40 (0.83) 12.38 (0.94) 0.65
 Age at end of treatment (T0) 15.28 (1.16) 15.08 (0.95) 15.02 (1.12) 0.44
 Age after treatment (TS) 20.56 (1.20) 20.64 (1.13) 20.55 (1.2) 0.89
 Treatment time 3.01 (0.84) 2.69 (0.84) 2.66 (0.72) 0.04
 W1 14.80 (1.48) 15.19 (1.52) 16.08 (1.73) <0.001
 W2 6.35 (0.51) 7.52 (0.35) 8.81 (0.81) <0.001
 H1 21.21 (2.30) 21.00 (2.00) 21.27 (2.06) 0.76
 H2 40.25 (3.14) 40.19 (2.76) 41.16 (3.30) 0.16
 D 7.03 (1.48) 8.52 (1.36) 10.09 (1.69) <0.001

Males (N = 76) Females (N = 101)

Gender
 Age pre-treatment (TS) 12.45 (0.86) 12.28 (0.82) 0.19
 Age at end of treatment (T0) 15.21 (1.08) 15.07 (1.06) 0.40
 Age after treatment (TS) 20.72 (1.20) 20.49 (1.11) 0.20
 Treatment time 2.75 (0.84) 2.81 (0.79) 0.66
 W1 15.82 (1.61) 15.00 (1.61) <0.001
 W2 7.77 (1.24) 7.40 (1.05) 0.03
 H1 21.53 (1.99) 20.87 (2.16) 0.04
 H2 41.54 (3.27) 39.76 (2.70) <0.001
 D 8.70 (1.76) 8.43 (2.07) 0.36
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Gingival recession and crown heights
The prevalence of recession sites in the narrow, average, and wide 
groups at the end of treatment (T0) and 5 years after treatment (T5) is 
presented in Table 4. At the end of treatment (T0) very few new reces-
sion sites developed in all three groups (narrow: 1.8 per cent, average: 
1.6 per cent, and wide: 4 per cent). New recession sites developed in 
19.3 per cent participants with narrow symphysis versus 20.6 per 
cent with average symphysis and 14 per cent participants with wide 
symphysis (T5). There was no significant difference between groups. 
The prevalence of new recessions at the end of treatment (T0) and 
5  years after treatment (T5) in males and females is presented in 
Table 5. There was evidence that height 1 (H1) was associated with 
the development of gingival recession (Table 6) (OR = 0.75, 95% CI: 
0.58 to 0.96, P = 0.03). The odds of developing gingival recession 
were 25 per cent lower for every unit increase of height 1 (H1). In 
other words, the higher the symphysis the lower odds of recession.

The mean clinical crown heights were comparable in the narrow, 
average, and wide group, and in males and females, in all observation 
time points. The change of mean clinical crown height was <0.1 mm 
during orthodontic treatment (TS to T0) and was <1 mm during the 
whole observation period (TS to T5)—see Table  7. There was evi-
dence that (Table 8) incisor inclination before treatment (TS) (−2.51, 
95% CI: −4.6 to −0.4, P = 0.02) was associated with the change of 
mean clinical crown height. Per every treatment year 0.16 mm less 
crown height was noticeable. The above mentioned regression mod-
els demonstrated a negative association between incisor inclination 
before treatment and crown height.

Time as an independent variable was a significant predictor 
of crown length (P < 0.001), meaning with time the crown length 
increased. The prediction of crown length over time, with the 95% 
CIs is presented in Figure 3.

Discussion

Mandibular incisors are frequently proclined during orthodontic 
treatment. Theoretically, if the alveolar process housing these teeth is 
narrow, and the bone covering labial aspect of the roots is thin, pro-
clination of incisors may facilitate formation of dehiscences of alveo-
lar bone. This, in turn, could promote the development of gingival 
recession. In this study, we tested the null hypothesis (H0) that par-
ticipants with a narrow symphysis had comparable gingival recession 
long-term following orthodontic treatment as participants with an 
average or wide symphysis. The present findings show that, overall, 
the morphology of the mandibular symphysis is not associated with 
the development of gingival recession nor with the increase of clinical 

crown heights, thus H0 was accepted. Our findings agree with results 
of Closs et  al. (18) who found no association between symphysis 
shape and alveolar ridge alterations after orthodontic treatment.

In this study, symphysis morphology was used to classify partici-
pants to groups—males where the width of the alveolus (W2 meas-
urement) was <7.3 mm were classified as having narrow symphysis, 
respectively males where the width of the alveolus (W2 measurement) 
was ≥7.3 mm were classified as having an average symphysis, while 
males where W2 ≥ 8.3 mm were classified as having wide symphy-
sis. For females the cut-off values were 6.8 and 7.3 mm for narrow 
and wide groups, respectively. One should bear in mind, however, that 
external dimensions of the symphysis (i.e. narrow versus average ver-
sus wide symphysis) are not per se tantamount with the increased or 
reduced thickness of alveolar bone supporting incisors. Hypothetically, 
it is possible that a participant with wide symphysis has a thin alveo-
lar bone, and vice versa. Unfortunately, with the available records, 
it was not possible to determine the thickness of the alveolar bone 
in our participants. Several studies, however, provide circumstantial 
evidence that symphyseal shape is indeed associated with the quantity 
of alveolar bone—Sadek et al. (19), Hoang et al. (20), and Molina-
Berlanga et al. (21) analysed alveolar bone thickness, symphysis shape, 
and facial type (long, average, and short) and found correlations—
participants with a long face and a steep mandibular plane (defined 
by the value of the angle between mandibular plane and sella-nasion 
line) had a narrower symphysis, and thinner alveolar bone support-
ing anterior teeth than participants with a short face with a flat man-
dibular plane. Therefore, our assumption that narrow symphysis is 
related to thin alveolar bone and wide symphysis is associated with 
thick alveolar bone, seems realistic.

Orthodontic tooth movement takes place after a force has been 
applied to the tooth. Because of force application, compression and 
tension sides form within the periodontal ligament. On the compres-
sion side, the alveolar bone is resorbed by osteoclasts, while osteo-
blasts lay down the new bone on the tension side (22). Normally, 
bone resorption and bone apposition are coupled and the mechanism 
that regulates both processes ensures that the alveolar bone around 
a tooth socket remodels and the bone can ‘follow the tooth move-
ment’, as one of orthodontic axioms holds (23, 24). During proclina-
tion of incisors, however, the root approximates the cortical plate. It 
is not clear to which extent the buccal cortical plate in the anterior 
region of the mandible can remodel. Unfortunately, several review 
papers published in the last decade (22, 25–29) did not provide suf-
ficient explanation. Hypothetically, if remodelling were complete, 
then ample amount of the alveolar bone would cover root surface; 
if remodelling were minimal, then dehiscence in the crest of alveolar 

Table 4. Prevalence of new recessions at the end of treatment (T0) and 5 years after treatment (T5) in different symphysis shapes.

Number of participants with new recession sites at T0 Narrow (N = 57) Average (N = 63) Wide (N = 57)

 No new recession sites 56 62 55
 1 new recession site 1 1 2
 2 new recession sites 0 0 0
 3 new recession sites 0 0 0
 4 new recession sites 0 0 0

Number of participants with new recession sites at T5 Narrow (N = 57) Average (N = 63) Wide (N = 57)

 No new recession sites 46 50 49
 1 new recession site 4 9 4
 2 new recession sites 5 3 3
 3 new recession sites 1 1 1
 4 new recession sites 1 0 0
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bone could form. A clinical study (30) looking at behaviour of the 
alveolus following retraction of anterior teeth during four-premolar 
extraction treatment demonstrated that lingual movements of inci-
sors reduced the lingual alveolar bone in both arches. For example 
retraction of mandibular incisors by 10 degrees (the angle between 
the mandibular plane and incisal axis was reduced from 101 degrees 
to 91 degrees) resulted in thinning of the lingual aspect of the alveo-
lus by about 90 per cent (i.e. thickness of the alveolar bone covering 
the lingual aspect of tooth #42 diminished from 0.9 to 0.1  mm). 
Similar observations by other authors (31, 32) suggest that the alveo-
lar bone supporting roots of incisors does not remodel completely to 
preserve initial bone thickness.

In our sample, mandibular incisors were proclined by approxi-
mately 5 degrees (from 4.5 degrees in participants with wide symphy-
sis to 6.2 degrees in participants with narrow symphysis respectively 
4.0  degrees in participants with average symphysis). The amount 
of movement of the anterior aspect of the mandibular incisor root 
depends on the location of the centre of rotation. In uncontrolled tip-
ping, the centre of rotation lies somewhere near 1/3 of the root length 
apical to the alveolar crest. In a controlled tipping, the centre of rota-
tion lies at the apex of the root. Assuming that the average root length 
(i.e. from CEJ to the apex) of mandibular central incisors is 12.5 mm 
(33) and the distance between the CEJ to the alveolar crest is 1 mm 
(34) the 11.5 mm part of the root is in contact with the alveolar bone. 

Table 6. Random effects logistic regression model with recession sites as dependent variables.

Independent variable OR LL 95% CI UL 95% CI P

Gender
 Male Reference
 Female 0.81 0.28 2.33 0.69
Length of orthodontic treatment (per unit years) 0.94 0.48 1.87 0.87
W1 (per unit mm) 1.12 0.81 1.54 0.50
W2 (per unit mm) 0.84 0.52 1.33 0.45
H1 (per unit mm) 0.75 0.58 0.96 0.03
H2 (per unit mm) 0.88 0.74 1.05 0.16
D (per unit mm) 0.90 0.69 1.17 0.43
Change of incisor inclination during treatment (per unit degrees) 1.04 0.96 1.14 0.33

Table 7. Change of mean clinical crown heights during observation period.

Narrow (N = 57) Average (N = 63) Wide (N = 57)

Symphysis shape
 Crown length pre-treatment 7.98 (0.77) 8.25 (0.61) 7.90 (0.71)
 Crown length post-treatment 8.03 (0.93) 8.27 (0.80) 7.81 (0.88)
 Crown length 5 years after treatment 8.94 (0.97) 9.08 (8.77) 8.67 (1.11)
 Change of crown length during treatment 0.05 0.02 0.09
 Change of crown length during the whole observation period (TS to T5) 0.96 0.83 0.77

Males (N = 76) Females (N = 101) Diff

Gender
 Crown length pre-treatment 8.16 (0.71) 7.97 (0.70) 0.19
 Crown length post-treatment 8.13 (0.91) 7.97 (0.87) 0.16
 Crown length 5 years after treatment 9.04 (0.93) 8.80 (1.13) 0.24
 Change of crown length during treatment 0.03 0 0.03
 Change of crown length during the whole observation period (TS to T5) 0.88 0.83 0.05

Table 5. Prevalence of new recessions at the end of treatment (T0) and 5 years after treatment (T5) in males and females.

Number of participants with new recession sites at T0 Males (N = 76) Females (N = 101)

 No new recession sites 75 98
 1 new recession site 1 3
 2 new recession sites 0 0
 3 new recession sites 0 0
 4 new recession sites 0 0

Number of participants with new recession sites at T5 Males (N = 76) Females (N = 101)

 No new recession sites 60 85
 1 new recession site 10 7
 2 new recession sites 4 7
 3 new recession sites 2 1
 4 new recession sites 0 1
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If a mandibular central incisor is proclined by 5 degrees, the anterior 
aspect of the root at the level of the alveolar crest moves forward 
from approximately 0.4 mm in uncontrolled tipping to 1.1 mm in 
controlled tipping. After 10  degrees proclination, the movement is 
twice as much—from 0.8 to 2.2 mm for uncontrolled and controlled 
tipping, respectively. The spatial relationship between the root surface 
and alveolar bone depends also on the alveolar bone thickness (35). 
CBCT images (36) showed that the mean thickness of bone support-
ing mandibular incisors was 0.9 to 1 mm; in patients with biden-
toalveolar protrusion, bone thickness is reduced to approximately 
0.5 mm (37). All these factors considered, it is likely that following 
proclination of incisors, anterior aspects of their roots at crestal level 
were still within the alveolar bone in the majority of our participants. 
In other words, there might have been sufficient amount of alveolar 
bone to prevent dehiscence formation, which is a prerequisite for gin-
gival recession. Unfortunately, the relatively low prevalence of gin-
gival recession in our sample and low number of patients who had 
mandibular incisors proclined >10 degrees precluded further analysis.

Limitations
Periodontal parameters, such as plaque accumulation and bleeding 
on probing, habits (e.g. smoking), and periodontal biotype, which 
are potential confounders, were not included in the analysis.

Due to the retrospective study design, the above mentioned 
parameters could not have been included in the baseline assessment 
and therefore could reduce the external validity of our results. The 

need for further prospective investigation, which includes periodon-
tal clinical examination and patient behaviour as risk factors, is 
needed. Selection bias may have occurred, as this is a retrospective 
study. Selection bias may occur if the participants are truly not com-
parable with unexposed but eligible participants.

Lateral cephalograms were used to establish the shape of the 
mandibular symphysis. Unfortunately, these two-dimensional radi-
ographs cannot provide exact spatial information on the morph-
ology of symphysis and roots, particularly in regions other than the 
region housing central incisors. More accurate measurements of the 
labial bone of the anterior part of the symphysis, such as proposed 
by Rossell et al. (38), could clarify differences between the narrow, 
average, and wide groups. Also, the use of three-dimensional radio-
graphs could provide additional information regarding the anatomy 
of symphysis. However, alveolar bone is difficult to visualize (39).

As discussed previously, we did not directly measure the thickness 
of alveolar bone supporting anterior teeth because we lacked appropri-
ate records. Instead, based on the literature, we assumed that the shape 
of the symphysis is associated with the quantity of the alveolar bone.

The passive tooth eruption implies apical migration of the gin-
giva until it stabilizes approximately 1–2 mm from the CEJ (40). It is 
not clear whether the passive eruption ceases in preadolescence (41) 
or later (40). The passive eruption was not assessed in this study and 
could have been a potential confounder of the measurements of the 
changes of clinical crown heights.

Conclusion

Within the limitations of this study, we conclude that the overall 
morphology of the mandibular symphysis is not associated with the 
development of gingival recession, nor with the increase of clinical 
crown heights. Therefore, evaluation of the shape of symphysis on 
cephalometric radiographs in order to predict the development of gin-
gival recessions in the anterior region of the mandible, seems not to 
be a reliable method.
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