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�Orthodontic Boundary Limits

Proffit and Ackerman [1] in 1982 introduced a diagram of 
the “envelope of discrepancy” in order to address the chal-
lenge of the limitation of tooth movement. They estimated 
that, with orthodontic tooth movement alone, the limits of 
extrusion, retraction, intrusion, and protraction of mandibu-
lar incisors are 2 mm, 3 mm, 4 mm, and 5 mm, respectively. 
However, these parameters were more for manifesting the 
principle of limitation and were not determined by measure-
ments or specific anatomic boundaries. When it was pub-
lished, three-dimensional diagnosis with a cone-beam 
computed tomographic (CBCT) was not available.

The limits of orthodontic tooth movement which are 
determined by anatomic and biologic limits may be con-
sidered as “orthodontic boundary limits.” Anatomic limits 
are defined by the craniofacial, skeletal, dentoalveolar, and 
dentogingival complex. These limits should be evaluated 
prior to any treatment three dimensionally. Biologic limits 
are explained by the functional and structural response that 
periodontal tissue can tolerate without compromising dur-

ing and/or after the tooth movement, which provide long-
term stability from periodontal and orthodontic 
perspectives. The orthodontic boundary limits are not 
static but dynamic and modifiable in corporate with peri-
odontal surgeries. These limits should be taken into 
account during the treatment planning and may dictate the 
amount, types, and goals of tooth movement. When force 
is applied to teeth by any appliances within the biologi-
cally acceptable limits, the gingival and alveolar bone 
response without changing the attachment level. On the 
contrary, invading the boundary limits with inadequate 
treatment planning can create undesired periodontal con-
sequences, resulting in dentoalveolar bone deficiency 
(dehiscence and fenestrations) and at worst, attachment 
loss (gingival recessions) (Fig. 1).

The concept of orthodontic boundary limits is not widely 
recognized, and much research has not been conducted on 
this fundamental topic. We rarely know what the limits of 
tooth movement are, how to determine the parameters, and 
how orthodontic boundary limits are influenced by orth-
odontic and/or periodontal therapy.
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Fig. 1  (a) Pre-treatment intraoral frontal photograph demonstrating 
crowding, thick flat biotype, and wide width of keratinized gingiva on 
mandibular incisors. (b) Expanding mandibular arch with fixed appli-

ances and proclining the incisors resulted in reducing the width of kera-
tinized gingiva, converting to thin scalloped biotype, and creating 
attachment loss during the orthodontic treatment

�Diagnosis of Craniofacial and Dentoalveolar 
Complex

Conventional periapical, panoramic, and cephalometric radi-
ography have been used for orthodontic diagnoses and treat-
ment planning [2, 3] despite the fact that they have geometric 
distortion and anatomical superimposition. Currently, the 
use of CBCT imaging has made it possible to visualize the 
related craniofacial and dentoalveolar structures with higher 
resolution in three dimensions. This has improved the overall 
diagnostic efficacy and made early diagnosis possible for 
certain clinical conditions. However, there was controversial 
opinions of taking CBCT imaging for comprehensive orth-
odontic assessment [4, 5].

Interestingly, history repeats itself. Larson [4] quoted the 
Steiner’s article [6] in 1953, he challenged orthodontists with 
the following words: “The cephalometer is here to stay, and 
those of you who are not using cephalometrics in your every-
day clinical practices must soon bow to its importance, 
accept the added burden it imposes, and master its mysteries 
if you are to discharge your full obligation to your patients.” 
Steiner’s statement could easily be applied to the use of 
CBCT today. It should be emphasized that CBCT imaging is 
considered as a supplemental imaging technique only when 
practitioners expect that the diagnostic yield will benefit 
patient care, enhance patient safety, or improve clinical out-
comes significantly [7]. Additionally, due to the difficulties 
to acquire the approval of extra radiation exposures from the 
institutional review board (IRB) academically, it is difficult 
to initiate and implement higher level, evidence-based stud-
ies regarding CBCT imaging such as randomized controlled 
and prospective studies in orthodontics. We still need much 
more research to comprehend how to utilize CBCT imaging 
to maximize the orthodontic outcomes. Therefore, with 

regard to the appropriateness of taking CBCT images, 
“Clinicians should use professional judgment in the 
prescription and performance of CBCT examinations by 
consulting recommendations from available CBCT guide-
lines and by considering the specific clinical situation and 
needs of the individual patient.” [7, 8]

�2D vs 3D Imaging

Orthodontic diagnosis, treatment plans, evaluation of growth 
and development, and assessment of treatment outcomes 
have traditionally been performed on the basis of clinical 
examination and records that consist of extraoral and intra-
oral images, dental casts (or digital models), and analysis of 
two-dimensional (2D) radiography such as panoramic and 
lateral cephalometric images. The inherent limitations of 2D 
radiography for the assessment of craniofacial and dentoal-
veolar complex in orthodontics have been discussed for 
many years [9, 10]. They include magnification, distortion, 
artifacts, superimposition of anatomical details, and discrep-
ancy between cephalometric analyses and clinical findings 
due to the difficulty of landmark identification. Furthermore, 
considering the characteristics of lateral cephalograms, there 
is little information in the transverse dimension.

CBCT imaging has enhanced our ability to evaluate the 
morphology of the craniofacial and dentoalveolar complex. 
It allows the quantitative assessment of the transvers and 
alveolar bone dimensions. As a result of anatomical visibility 
and volumetric accuracy, the necessity of three-dimensional 
(3D) imaging is expanding in orthodontic diagnosis.

In order to evaluate differences in the diagnosis and treat-
ment planning of impacted maxillary canines between two 
imaging modalities, traditional 2D images and 3D volumet-
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ric images obtained from a CBCT scan were compared [11]. 
Twenty-seven percent of the cases that were planned with the 
2D radiographs had different treatment plans after viewing 
the 3D CBCT images. They concluded that 2D and 3D 
images can produce different diagnoses and treatment plans. 
The similar result was reported [12].

According to Fuhrmann et al. [13], there is a general over-
estimation of the symphysial labiolingual bone width on the 
lateral cephalograms when compared with physical mea-
surements of the actual specimens, and over 80% of defects 
identifiable in 3D images were not readily visible on the lat-
eral cephalograms. Similarly, another research reported that 
alveolar bone thickness is always overestimated on cephalo-
grams compared with CBCT-based measurements with the 
range from 0.3 to 1.3 mm [14]. Therefore, the outer lines of 
the alveolar process that are observed on lateral cephalo-
grams could exhibit the superimposition of other structures. 
Dehiscences and/or fenestrations on anterior teeth could be 
possibly masked due to overestimating the thickness of the 
cortical plates. Two-dimensional radiography does not allow 
us to evaluate the important sites of the alveolar process 
properly (Fig. 2).

The American Academy of Periodontology published the 
consensus statement on CBCT [15] and the review [16] 
focusing on risk assessment of the dentoalveolar bone 
changes influenced by tooth movement. In the consensus 
statement, CBCT imaging has demonstrated that changes 
occur to the buccal plate and general alveolar bone structure 
following orthodontic tooth movement. They concluded that 
CBCT imaging is the only radiographic modality with which 
such changes can be objectively detected and preoperative 
risk determined. In the review, in order to prevent periodon-
tal complications or assess risks after orthodontic treatment, 
CBCT imaging can improve the periodontal diagnostic acu-
men regarding alveolar bone alterations influenced by orth-
odontic treatment. Furthermore, clinicians are better 
informed to determine risk assessment and develop preventa-
tive or interceptive periodontal augmentation (soft tissue 
and/or bone augmentation) therapies for patients undergoing 
orthodontic treatment.

In summary, 3D imaging provides us critical information 
in order to diagnose accurately, evaluate the anatomical 
structures that we need to consider prior to treatment plan-
ning, and improve the clinical outcomes of orthodontic 
treatment.

�Efficacy of CBCT

Accurate evaluation of alveolar bone height and thickness is 
important prior to periodontal and orthodontic treatments. 
Dimensional changes in alveolar bone have been found to be 
associated with orthodontic tooth movement, especially in 

skeletal Class II treatment due to excessive proclination of 
mandibular anterior teeth, often creating dehiscences and/or 
fenestrations around teeth. Research showed that dentoalve-
olar bone deficiency is not pathologic but a pre-existing con-
dition. Therefore, measurements of alveolar bone height, 
thickness, and volume play critical roles not only in the ini-
tial assessment for tooth movement but also in the final eval-
uation after orthodontic treatment in order to provide 
long-term stability.

Advantages of CBCT are visualization of anatomic struc-
tures in the three dimensions, precision for diagnosis, and 
accuracy of analysis. A number of studies have demonstrated 
that CBCT can be used to measure alveolar bone height and 
thickness with accuracy and reliability [17–19]. However, 
some research reported there was a systematic overestima-
tion of the CBCT measurements and alerted that a severe 
dehiscence might not be as serious as the CBCT showed [20, 
21].

Menezes et  al. [17] found excellent interexaminer and 
intraexaminer reproducibility of buccal and lingual bone plate 
thickness measurements in CBCT images on dried human 
mandibles and demonstrated good precision for voxel dimen-
sions of 0.2, 0.3, and 0.4 mm. On the other hand, Leung et al. 
[20] reported that alveolar bone height can be measured to an 
accuracy of about 0.6 mm and the specificity was high at 0.95, 
but the sensitivity was low at 0.40 by using a voxel size of 
0.38 mm. However, compared with CBCT of alveolar bone 
in vivo, direct assessment of dry skulls lacks the image of the 
periodontal apparatus (soft tissue); thus, it may result in dras-
tic errors. To resolve this discrepancy, Timock et al. [18] evalu-
ated human cadaver specimens. They found that mean absolute 
errors between CBCT at 0.3 mm voxel size and direct mea-
surements of buccal bone height and buccal bone thickness 
were small (0.30 and 0.13 mm, respectively) and showed no 
statistically significant differences or bias to underestimate or 
overestimate. Interoperator reliability had great agreement for 
CBCT measurements of buccal bone height (0.98) and buccal 
bone thickness (0.91) while intraoperator reliability was high 
as interoperator correlations for CBCT buccal bone height 
(>0.97) and buccal bone thickness (0.90). In a current study 
with an 0.3-mm voxel size that was selected due to the balance 
of the amount of radiation exposure and clinical relevance 
[19], for intraoperator reliability, the mean absolute differ-
ences in alveolar bone thickness estimates were 0.24 mm with 
a Pearson correlation (0.93) and 0.44 mm with a correlation 
(0.91) for alveolar bone height. Between operators, the mean 
absolute difference was 0.29 mm (0.92) for the thickness, and 
0.28 mm (0.95) for the height. The high correlation between 
and within operators suggested that these measurements were 
replicable and robust. The measurements of alveolar bone 
thickness and height may be accurate while the sensitivity 
might not be as high as the specificity. These different reports 
suggested that further attention should be paid to defining the 

Management of Skeletal Class II Malocclusion: Historical Challenges and New Opportunities



200

a b

c d

Fig. 2  Comparison of the lateral cephalograms (a and b magnified 
mandibular anterior region of A) and CBCT imaging (c reconstructed 
3D imaging and d a sagittal cross-section of the left mandibular central 
incisor from CBCT scans). CBCT imaging provides novel information, 
morphology of the symphysis, and the relationships between the alveo-

lar process and the incisors that are not discernible from 2D radio-
graphs, which may impact treatment planning. The mandibular left 
central incisor is positioned labially, and the root is out from the alveo-
lar process. There are severe concavities between the roots on the alveo-
lar process

accuracy of CBCT measurements and evaluation. However, 
with careful assessment of each research, they might have 
been associated with variables in the study designs, such as the 
different subjects (hard tissue only with human dry skulls, 
hard and soft tissues with human cadavers, or patients), voxel 
sizes utilized for the CBCT measurements, CBCT manufac-
tures, and software. In the latest systematic review, Li et al. 

[22] reported that the mean differences between CBCT and 
direct physical measurements for alveolar bone height (mean 
difference = 0.03 mm) and alveolar bone thickness (mean dif-
ference  =  0.11  mm) were not statistically significant. They 
concluded that there is no significant difference between 
CBCT and direct measurements for the alveolar bone height 
and thickness.

K. Matsumoto



201

�Orthodontics and Gingival Recession

�Dimensional Changes of Dentoalveolar 
Gingival Complex

In orthodontics, the consideration of tooth movement is not 
only bone resorption and apposition but also the response of 
soft tissue. For instance, when pure extrusion is implemented 
on an intact tooth, the orthodontic force creates a tension on 
the dentoalveolar fibers, making them stretched and elon-
gated. This extension of the fibers on the surface of the bone 
can lead to the new bone formation [23]. As a result, not only 
bone apposition on the cervical and apical parts of the alveo-
lar bone but also increase in the width of keratinized gingiva, 
decrease of sulcus depth in a short-term, and movement of 
mucogingival junction occur [24]. In order to comprehend 
the tooth movement, the concept of “Dentoalveolar gingival 
complex” become essential. Dentoalveolar gingival complex 
consists of enamel, dentin, cementum, junctional epithelium, 
gingiva, alveolar mucosa, mucogingival junction, perios-
teum, alveolar bone, and periodontal ligament. These com-
ponents are intricately connected with each other through 
homeostasis. Dimensions of the complex can be changed 
pre- and post-orthodontic treatment.

In animal studies, following extensive bodily movement 
of incisors in a labial direction through the alveolar bone, 
most teeth clinically demonstrated some apical displacement 
of the gingival margin [25]. However, when evaluated histo-
logically, there was no attachment loss, but alveolar bone 
resorption was found. Karring et  al. [26] concluded that 
dehiscences can be produced by labial tipping but bone will 
reform in such defects when the teeth are moved back to 
their original position without attachment loss.

�Prevalence of Gingival Recession: No 
Orthodontic Treatment

Prevalence of gingival recession is diverse in research due to 
the different criteria such as various age groups, regions, 
observation periods, or definition of recessions. In general, 
the prevalence and severity of gingival recession are less in 
children and increase with age. In Saudi Arabia, 1336 chil-
dren aged 10–15 years, gingival recession was found in 9.9% 
of the patients [27]. In Germany, adolescents who were diag-
nosed as Class II div1 were investigated and the prevalence 
for teeth with gingival recession >0.5 mm was 1.1% [28]. 
The prevalence of gingival recession (≥1 mm) was 29.5% of 
the subjects and 2.9% of teeth in adolescents (14–19  year 
old) in Brazil [29]. In Sweden [30], 62% of the 15-year-old 
subjects presented gingival recession. The number of affected 
teeth per individual was low, one tooth in about 35% and 

teeth in 25% of the individuals. In untreated 17-year-olds, 
8.7% of teeth had recessions in Finland [31]. In Israel, 
healthy patients (18–22  years old) who had routine dental 
examinations at a military dental center presented gingival 
recession in 14.6% of the subjects and in 1.6% of all exam-
ined teeth [32].

Focusing on mandibular incisors, the prevalence was 5% 
at age 7  years in Finnish children [31] and similar value 
(4.8%) was shown in Brazilian study [33]. Parfitt and Mjör 
[34] reported the prevalence of gingival recession in the 
mandibular central incisors was 7.7% in a group of 668 chil-
dren aged 9–12  years. In high school children aged 
14–19 years, gingival recession was noted in the mandibular 
incisors in 13.1% of 766 students, frequently in association 
with malposition of the teeth [35]. In Class II malocclusion, 
7.7% of mandibular central incisors from 98 children exhib-
ited gingival recession [36] and the highest prevalence 
(approximately 5.2%) was seen for the mandibular central 
incisors whom less than 1% exhibited gingival recession 
with a magnitude >2.0 mm, comparing with other teeth [28].

In the population above 30 years old, using data represen-
tative of the United States population (NHANES III), 
Albander and Kingman [37] reported that 22.5% of teeth 
exhibited at more than 3 mm of recession, 5.5% at more than 
5  mm, respectively. They stated that the prevalence and 
extent of recession among untreated subjects increase 
steadily with age. Susin et at. [29] assessed untreated 
Brazilians (aged 14 years and older) and found that gingival 
recession ≥3 mm was 17.0% of teeth while recession ≥5 mm 
was 5.8% of teeth. Also, they mentioned that the prevalence, 
extent, and severity of recession correlated with age. 
Approximately, 96% of the subjects in their 30 to 39-year-
old cohort demonstrated gingival recessions on at least 1 
tooth, and 44.3% of teeth had recessions of 1 mm or more. In 
France, subjects (age range: 35 to 65 years) were evaluated 
and a total of 84.6% of the sample had at least one gingival 
recession. While gingival recession (1–3 mm) was 76.9% of 
the population, severe recession depths (>6 mm) were only 
found in 1.8% of the subjects [38]. A multivariate linear 
regression model showed that age was associated with the 
extent of gingival recession. In a long-term follow-up study 
with dental students [39], the prevalence of gingival reces-
sion was 85% and did not change after 10 years.

Regarding gingival recession of mandibular incisors, 
19.7% of mandibular central incisors had recessions of 1 mm 
or more in persons 30–55 years old while 49.7% had reces-
sions in the group above 55 years old [37].

Depending upon research, the prevalence of very mild 
gingival recession has been reported up to 30% in young 
children. However, severe gingival recession seems to be less 
than 1%. In adults, the prevalence, extent, and severity of 
recession increase steadily with age. Yet, severe recession 
was only found in less than 10% of subjects or teeth. The 
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data showed that higher prevalence was seen on mandibular 
central incisors.

�Post-Orthodontic Treatment and Gingival 
Recession

In children, there were no statistically significant differences 
between the treated (with premolars extraction) and untreated 
adolescents before, during, and after the period of active 
treatment [40]. Closs et al. [33] evaluated gingival recessions 
on mandibular anterior teeth in Caucasian adolescents and 
concluded that gingival recessions occurred in patients after 
orthodontic therapy, but the extent and severity of this find-
ing were low.

In adult patients, the mean difference of gingival reces-
sion between the treated adults and the controls was 0.14 mm, 
which was not clinically relevant [41]. New recessions devel-
oped in 10% of the investigated teeth but no change in 85%. 
Melsen and Allais [42] followed adult patients (Angle Class 
I or II malocclusion) who were treated with labial proclina-
tion of mandibular incisors and non-extraction. No signifi-
cant increase in the mean gingival recession was observed 
during treatment. The prevalence of gingival recession 
greater than 0.1 mm increased from 21% before to 35% after 
treatment. Vasconcelos et al. [43] found that the prevalence 
of gingival recessions after orthodontic treatment was 10.4%. 
Most (8.6%) were classified as Miller CI, and 1.7% were 
classified as Miller CII. There were no Miller CIII or CIV.

In long term, Gebistorf et al. [44] reported that the preva-
lence of labial gingival recession increased during orthodon-
tic treatment with further increases during 10 to 15  years 
posttreatment; 98.9% of the orthodontically treated partici-
pants had at least 1 labial recession, which was similar to the 
untreated controls. Orthodontically treated patients were not 
compromised in the long term compared with those with 
malocclusion that was untreated for many years. In New 
Zealand, Thomas et al. [45] evaluated 12-year-old children 
and the prevalence of gingival recession (1  mm or larger) 
was in 66–70% of the subjects after 14  years. In treated 
patients, 6.9% of the teeth exhibited recessions while 7.0% 
of the teeth in untreated subjects. There was no statistically 
significant difference between them. Morris et al. [46] evalu-
ated adolescents including all malocclusion (premolar 
extractions were 60% of the sample). Only 5.8% of teeth 
exhibited recession at the end of orthodontic treatment (only 
0.6% had recession >1 mm). After 16 years follow-up, 41.7% 
of the teeth showed recession, but the severity was limited 
(only 7.0% >1 mm). As a conclusion, orthodontic treatment 
is not a major risk factor for the development of gingival 
recession. In the systematic review on the effects of orth-
odontic therapy on periodontal health, Bollen et  al. [47] 
found that orthodontic treatment was associated with 

0.03  mm of gingival recession and 0.23  mm of increased 
pocket depth when compared with no treatment. They men-
tioned that orthodontic therapy has a minimum effect on the 
periodontal tissues. Another systematic review [48], simi-
larly, concluded that the amount of gingival recession did not 
increase significantly after treatment with normal occlusion.

In contrast, a positive association between the past orth-
odontic therapy and the development of gingival recessions 
in orthodontically treated young adults (18–22  years old) 
doubled in comparison to untreated individuals (22.9% ver-
sus 11.4%, respectively) [32]. Moreover, orthodontic treat-
ment tended to have more severe (>3 mm) and more extensive 
(3 or more recession sites) gingival recessions. Renkema 
et al. [49] reported that there was a continuous increase in 
gingival recessions after treatment from 6.6% at the end of 
treatment to 38% at 5 years post-treatment. Patients under 
16 years of age at the end of treatment were less likely to 
develop gingival recessions than patients over 16 years. The 
prevalence of gingival recessions steadily increased after 
orthodontic treatment in older patients. The ability of the 
periodontium to withstand orthodontic treatment appears to 
decrease with age. Renkema et al. [50] compared 100 orth-
odontic subjects and 120 controls in Norwegian Caucasians 
approximately after 8  years post-orthodontic treatment. At 
least one recession site in all the teeth presented in 31% of 
the treated cases and 16.7% of the controls (ratio; 2:1). The 
odds ratio for orthodontic patients as compared with controls 
to have recessions was 4.48. The OR for the increase of age/
year to have recessions was 1.53. The mean number of reces-
sions for treated cases was estimated to be 142% higher than 
for controls. They concluded that orthodontic treatment may 
be risk factors for the development of labial gingival reces-
sions. Sawan et al. [51] found that non-extraction orthodon-
tic treatment had 1.31 times higher odds of gingival recession 
(Fig. 3).

In terms of mandibular incisors, fewer than 10% of sub-
jects had gingival recession greater than 2 mm after treat-
ment [42]. The prevalence of gingival recessions after 
orthodontic treatment was 10.4%, and the recession was pre-
dominantly found on mandibular central incisors (87% of 
affected teeth with gingival recession) but of minor preva-
lence and severity [43]. The mandibular central incisors 
showed the most recession, with 12.8% exhibiting <1 mm of 
recession and 0.7% with >1.0 mm at the end of treatment. 
After 16 years follow-up, it showed almost 53% exhibiting 
recession, and 10.3% showing >1 mm of recession on man-
dibular central incisors [46]. At least one mandibular incisor 
with a recession was found in 13% orthodontically treated 
cases and 1.7% controls (ratio; 8:1) after 8  years post-
orthodontic treatment [50]. In orthodontically treated sub-
jects, mandibular incisors seem to be the most vulnerable to 
the development of gingival recessions. The risk for orth-
odontic patients to present with labial gingival recession 
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Fig. 3  The patient was diagnosed as angle Class II malocclusion with 
severe crowding on mandible (a–c). The patient rejected tooth extrac-
tion and requested clear aligner treatment. During the treatment, gingi-

val manifestation changed thick to thin. Eventually, loss of keratinized 
gingiva and attachment loss (d, e) occurred prior to completion of level-
ing and alignment (f)

seemed to increase at 6  years post-treatment (mandibular 
incisors: odds ratio: 8.81) [48]. However, these findings 
should be viewed cautiously until more studies of high qual-
ity become available. It is important to identify patients at 
potential risk and consider the possible implications for orth-
odontic treatment.

�Inclination of Mandibular Incisors and its 
Limitation

The etiology of gingival recession is multifactorial, and his-
tory of orthodontic treatment can be considered as a part of 
it. However, orthodontic treatment includes different types 
of tooth movement, mechanics, treatment modalities, maloc-
clusion, or skeletal discrepancies. In this chapter, we focus 
on only orthodontic-related factors at the mandibular ante-
rior region, especially the relationships between labiolingual 
tooth movement, symphysis, and gingival recession.

Lingual tooth movement increased labiolingual thickness 
of the tissue at the facial aspect of the tooth which resulted in 
coronal migration of the soft tissue margin (Fig.  4) [52]. 
Dorfman [53] evaluated adolescents who began with mini-
mal keratinized gingiva (<2 mm). In this group of patients, 
67% of the patients showed a decrease in the width of kera-
tinized gingiva with either minimal or some labial movement 
of the mandibular incisors; the keratinized gingival width 
increased in 33% of the patients who had about 3 mm total 
lingual tooth movement of the incisors during orthodontic 
treatment. This might be the combination of the retraction 

and extrusion during the time of treatment. Similarly, the 
gingival recessions were reduced in all patients after retract-
ing the roots that were positioned outside the alveolar bone 
[54]. However, the reduction in recession depth did not result 
in increased width of the keratinized gingiva in most patients. 
As a conclusion, orthodontic correction of the root toward 
the center of the alveolar housing consistently improves gin-
gival recessions but not necessary always increases the width 
of the keratinized gingiva. Kalina et  al. [55] reported that 
multiple regression analysis confirmed that more tooth pro-
clination was associated with a higher risk for an increase in 
gingival recession and showed improvement with retroclin-
ing mandibular incisors (mean change in inclination of 
−7.2°).

On the other hand, the association between the amount of 
mandibular incisor proclination and the gingival recession 
during orthodontic treatment has been controversial. Some 
studies showed no relationship [36, 46, 56–60] and others 
did [55, 63–65]. Ruf et al. [36] found that proclining man-
dibular incisors in adolescents who had Class II malocclu-
sion by 8.9° did not increase the risk of recession. Artun and 
Grobéty [56] followed the young patients who had Class II 
malocclusion. The post-treatment inclination of mandibular 
incisors was 99.1° (the change +9.98°) in the proclined group 
and 96.2° (+1.67°) in the control group, respectively. Clinical 
examinations revealed no differences in the amount of reces-
sion between the groups and gingival recession that occurred 
during the period of active treatment was not progressive. 
Djeu et al. [57] found that the changes of IMPA and L1-NB 
during the treatment were 5.0° and 0.87 mm in the excessive 
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Fig. 4  The patient was diagnosed as angle Class I malocclusion, ante-
rior spacing, anterior open bite, and negative overjet (a–c). The man-
dibular incisors proclined labially and the root were labially positioned. 
Clinically, minimum attached gingiva, gingival inflammation, loss of 
attachment, and thin scalloped gingival biotype on mandibular incisors 

were found. After the completion of the treatment and lingual tooth 
movement (d–f), an increased gingival thickness and width at the facial 
aspect of the tooth occurred, which resulted in coronal migration of the 
soft tissue margin

proclination group, −4.3° and −0.41  mm in the non-
proclination group, respectively. They concluded that there 
was no increased risk of development of gingival recession. 
Renkema et al. [58] divided adolescents into 3 groups: retro-
clined (IMPA  ≤  −1°), stable (>−1°, ≤1°), and proclined 
(>1°) groups. At the 5-year post-treatment, gingival reces-
sions were present in all groups, but the difference was not 
significant. They concluded that the change of inclination of 
mandibular incisors during orthodontic treatment did not 
affect development of labial gingival recessions in this 
patient group. Yared et  al. [59] concluded that the final 
IMPA>95° had no statistically significant correlation with 
gingival recession in the Angle Class I and Class II maloc-
clusion patients (aged from 18 to 33). Morris [46] reported a 
similar result that there were no statistically significant dif-
ferences in gingival recession between the subjects with 
IMPA >95° and <95° at 16  years post-treatment. 
Correspondingly, Renkema et al. [60] found that no differ-
ence in gingival recession between patients with a final 
IMPA <95° and IMPA >100.5° 5  years after orthodontic 
treatment. The result might be explained by a lack of exces-
sive proclination during the treatment. The changes of incli-
nation of mandibular incisors pre- and post-treatment were 
1.3° and 6.6° in the non-proclined and proclined groups, 
respectively. Antonarakis et al. [61] reported that there were 
no significant differences in gingival recessions on mandibu-
lar incisors between the proclined group (Initial; 87.2°, post-
orthodontic treatment; 95.4°, change; 8.2°) and non-proclined 

group (Initial; 91.6°, post-treatment; 91.8°, change; 0.2°). A 
recent review [62] showed no strong evidence that orthodon-
tic proclination of mandibular incisors increases the risk of 
recession development.

Artun and Krogstad [63], contrarily, reported signifi-
cantly more teeth developing gingival recession both dur-
ing and 3  years after the treatment in the patients with 
excessive proclination (IMPA ≧  10°) than with minimal 
inclination change. Only minimal changes of gingival mar-
gin were observed from 3 years postoperatively to 8-year 
follow-up examination. They concluded that development 
of gingival recession during excessive proclination of man-
dibular incisors seems to be inevitable, especially in 
patients with thin alveolar housing. However, the long-term 
prognosis for such teeth with extensive gingival recessions 
may not be critical. Most of the gingival recession seems to 
take place during or shortly after active therapy. Pernet 
et al. [64] found that excessive proclination (≥10°) of the 
lower incisors demonstrated an association with the onset 
of recessions in 25% of the cases. Kalina et al. [55] found 
teeth in which recession increase had a mean change in 
inclination of 7.6° in adult patients. Multiple regression 
analysis confirmed that more tooth proclination was associ-
ated with a higher risk for developing gingival recession. 
Lee et al. [65] reported that tooth inclination had a signifi-
cant association with gingival recession, and as tooth incli-
nation increased labially, gingival recession increased by 
approximately 0.2 mm per 1°.
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Overall, the majority of the study designs were retrospec-
tive [36, 46, 56–61, 63–65] in nature, and only one prospec-
tive study [55] has been conducted in terms of the relationship 
between incisor inclination and gingival recession. A sys-
tematic review [62] found no strong evidence between pro-
clination of mandibular incisors and the risk for gingival 
recession. However, only two observational studies were 
included in the qualitative analysis, and a meta-analysis 
could not be applied. The discrepancy between the various 
findings and the results can be explained by the high hetero-
geneity between studies. There were numerous variables in 
the inclusion/exclusion criteria, such as different age groups, 
angle malocclusion, measurements (casts, pictures, peri-
odontal charts), orthodontic mechanics, treatment modalities 
(extraction/non-extraction), and directions of tooth move-
ment in each study. For example, a case selection such as 
only Class II malocclusion with non-extraction treatment 
gives the impact that the mandibular incisal inclination may 
increase and determine the direction of the tooth movement 
labially in the subjects. However, if Class III patients with 
camouflage treatment which is mandibular two premolars 
extraction are included in a study, reduced mandibular inci-
sal inclination and lingual tooth movement in the group will 
be expected. So, if some study included all malocclusion, it 
is very difficult to see a statistically significant difference. If 
only young children are observed for a short period of time 
after orthodontic treatment, gingival recession may not be 
detected regardless of directions of tooth movement. 
Currently, due to the absence of higher-level studies and the 
high heterogeneity of the studies, there is a limitation to 
determine the orthodontic boundary limits through the asso-
ciation between mandibular incisor inclination and gingival 
recession so far. The findings should be viewed cautiously 
until a higher quality of evidence becomes available.

�Symphysis and Gingival Recession

Mulie and Ten Hoeve [66] demonstrated that anatomic limi-
tations in the symphysis were associated with compromised 
periodontal outcomes when these limits are invaded. 
However, it should be noted that the evaluation of the sym-
physis has not been standardized or established yet, espe-
cially due to the superimposition of anatomical landmarks 
on cephalometric radiographs. Consequently, the findings 
may not show any associations between symphysis shape or 
alveolar ridge changes after orthodontic treatment and gingi-
val recession [64, 67, 68]. Pernet et al. [64] evaluated 126 
orthodontically treated patients before, immediately after 
treatment and at long-term retention (mean 7.3 years). No 
association was found between the width of the alveolar 
bone process at the level of the crest, symphysis width, the 
vertical skeletal pattern, and the onset of gingival recessions. 

The vertical facial morphology was not associated with the 
development of new recessions. They found some evidence 
that increased symphysis height and ratio between the sym-
physis height and the width at the crest level are associated 
with the development of recessions. Closs et al. [67] treated 
adolescents without extractions and found gingival recession 
increased after orthodontic therapy. However, no association 
was observed on average of symphysis dimensions and the 
development of gingival recessions. They concluded that 
pre-treatment symphysis dimensions may not be used as pre-
dictors of gingival recession after orthodontic therapy. 
Mazurova et al. [68] reported that gingival labial recession 
was present in 19.3% of patients with narrow symphysis, 
20.6% with average symphysis, and 14% of patients with 
wide symphysis at 5 years post-treatment.

In conclusion, there is no evidence that the overall mor-
phology of the mandibular symphysis is associated with 
developing gingival recessions. Evaluation of symphysis 
morphology on cephalometric radiographs might not be a 
solid method aimed at predicting gingival recession in the 
anterior region of the mandible yet. Utilizing CBCT imaging 
may be a better option to evaluate morphology of symphysis. 
Further studies are required to explain the relationship 
between the symphysis dimensions, alveolar width, and the 
risk of gingival recession.

�Does Compensatory Bone Formation Occur 
After Labial Tooth Movement?

�Compensatory Bone Formation

The “compensatory bone formation” theory of tooth move-
ment [69] was when teeth were moved labially and passed 
the original cortical plate, the bone around dehiscences 
would have remodeled and the alveolar bone thickness would 
have maintained or increased if light force had been applied 
or the teeth had been retained in the facially moved position 
for a longer time period. Wingard and Bowers [70] studied 
male monkeys where mandibular incisors were moved labi-
ally 2.1–5  mm resulting in dehiscences failing to develop 
with forces up to 170 gm over 36 to 95 days followed by 
4 months of retention. Their results supported the compensa-
tory bone formation after labial tooth movement and are fre-
quently quoted in literature. On the other hand, in the 
Steiner’s study with female monkeys [71], after the mandib-
ular central incisors were bodily moved 2–4 mm (mean dis-
tance: 3.05 mm) in a labial direction without extrusion and 
retained 3 weeks, the crest of the marginal bone receded api-
cally by 2.7  mm to 9.1  mm (mean: 5.89  mm). Similarly, 
other studies [25, 26, 72] developed dehiscences with 50 gm 
light force for a period of 3–5 months after 1-, 5- and 8-month 
retention period. In addition, none of the histologic studies 
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[25, 26, 71, 72] indicates that the labial plate was reestab-
lished. These studies agreed with the previous Reitan’s stud-
ies [73, 74] where dehiscences formed when teeth were 
tipped labially due to a lack of compensatory bone formation 
on the labial side. There might be various reasons why no 
dehiscence occurred in the Wingard and Bowers study [70]. 
One possible explanation could be incomplete labial move-
ment to push the roots enough from the alveolar process with 
a 0.018-in. round wire due to the crown tipping. The magni-
tude of developing dehiscences on the labial plate with labial 
tipping is less than with bodily movement.

These results indicate that the discrepancy on each study 
regarding compensatory bone formation may not be related 
to the difference of the magnitude of force application or 
retention periods, but rather the difference of the amount of 
labiolingual tooth movement. It can be concluded that com-
pensatory bone formation does not occur around newly 
developed dehiscences after the tooth movement, even 
though the force application is terminated, and the teeth are 
retained in their facially displaced position. Therefore, it 
should be emphasized that dimensions of dentoalveolar gin-
gival complex change after tooth movement and are not 
maintained once the tooth moves beyond “orthodontic 
boundary limits.”

�Dentoalveolar Bone Deficiency

Boney defects under gingiva which are determined by dehis-
cences and fenestrations may be considered as “dentoalveo-
lar bone deficiency.” The etiology of dentoalveolar bone 
deficiency during orthodontic treatment is multifactorial and 
includes the direction of tooth movement, the magnitude of 
orthodontic forces, the amount of tooth movement, the alve-
olar bone dimensions, and anatomic integrity of dentoalveo-
lar gingival complex [52, 75]. Anatomically, the alveolar 

bone becomes thinner from the posterior to the anterior 
region in the mandible [76]. While fenestration was seen in 
the maxillary premolar region, dehiscence was seen in the 
mandibular anterior region [77]. Dentoalveolar bone defi-
ciency is not uncommon on mandibular central incisors and 
the prevalence was reported, approximately 24–45% (dehis-
cence, Fig. 5) and 5–21% (fenestration, Fig. 6) [77–80].

The prevalence of dentoalveolar bone deficiency in man-
dibular central incisors has been reported based upon various 
facial, vertical growth, and skeletal types in untreated sub-
jects. Evangelista et al. [79] compared the presence of dehis-
cences and fenestrations in patients with Class I and Class II 
division 1 malocclusions and different facial types (brachy-
facial, mesofacial, and dolichofacial), and found that the 
incidence of dehiscences and fenestrations was 24.3% and 
21.1%, respectively. No difference was found between facial 
types. Enhos et al. [77] reported the presence of dehiscences 
and fenestrations with different vertical growth patterns 
(hyper-, normo-, and hypo-divergent) and it was 25.0–30.6% 
and 14.3–16.7%, respectively. Yagci et al. [78] evaluated the 
presence of dehiscences among patients with skeletal Class 
I, II, and III malocclusions and showed the incidence, 27.9%, 
27.1%, and 25.9%, respectively. There was no difference in 
the prevalence of dehiscence among the three groups. In 
another study [19] that specifically focused on skeletal Class 
II cases, the incidence of dehiscence was 32% of teeth in 
males and 24% of teeth in females prior to the orthodontic 
treatment.

Focusing on the patients after orthodontic treatment, the 
incidence of dehiscence on mandibular central incisors sig-
nificantly increased based on CBCT studies. Castro et  al. 
[81] evaluated patients who had non-extraction treatment 
with angle Class I malocclusion and mild to moderate crowd-
ing. The incidence of dehiscence was changed from 13% of 
the teeth before orthodontic treatment to 37% after treat-
ment. Garlock et al. [82] found that the average labial verti-

a b

Fig. 5  (a) Pre-treatment intraoral frontal photograph demonstrating severe crowding, labially positioned roots, thin biotype, narrow width of 
keratinized gingiva on mandibular incisors. (b) After elevating full thickness flap, severe dehiscences were found on the central incisors
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Fig. 6  (a) Pre-treatment intraoral frontal photograph demonstrating excessive spacing, thick biotype, and wide width of keratinized gingiva on 
mandibular incisors. (b) After bonding brackets followed by elevating full thickness flap, fenestrations were found on the incisors

cal bone loss was 1.16 ± 2.26 mm after orthodontic treatment 
in Class I and II cases. Matsumoto et al. [19] reported that 
the incidence of dehiscences increased to 58% in males and 
to 45% in females at the end of the orthodontic treatment. 
There was no significant association between sex and dehis-
cence frequency at either time point. Additionally, they men-
tioned that the total average loss of the alveolar bone height 
was −1.42 mm. In non-extraction cases, the current system-
atic review [83] concluded that the dehiscence deteriorated 
significantly on the labial side −0.97  mm on mandibular 
incisors.

To minimize these problems, the alveolar bone morphol-
ogy must be evaluated before orthodontic treatment as a part 
of diagnosis. CBCT imaging has been shown to be an excel-
lent modality in assessing bone topography and anatomy 
[13]. Taking the presence of pre-existing dehiscences and 
fenestrations into consideration in a comprehensive treat-
ment plan reduces the risk of future attachment loss, espe-
cially when teeth are moved in a labiolingual direction. It has 
also been shown that the presence of dentoalveolar bone 
deficiency in the alveolar bone is not pathognomonic but is a 
potential risk for exacerbating gingival recession.

�Orthodontic Boundary Limits of Mandibular 
Incisor Advancement

�What Is the Limitation of Tooth Movement?

There is the risk for developing gingival recessions in con-
junction with orthodontic tooth movement only if the tooth is 
moved out of the alveolar bone housing [52]. However, gin-
gival recession is simply a clinical manifestation of an under-
lying alveolar bone deficiency [ 84]. Gingival recession has 
been thought as a part of the limitation of tooth movement 
and gingival augmentation can be considered for teeth with a 

lack of keratinized tissue or thin phenotype prior to orth-
odontic treatment [85]. Nevertheless, if dehiscence is one of 
the contributing factors for gingival recession, it might be 
preferable to evaluate alveolar bone deficiency to determine 
the orthodontic boundary limits of tooth movement instead.

Recently, with more and more research incorporating 
CBCT images into the orthodontic boundary limits, 
Matsumoto et  al. [ 19] addressed the limits of mandibular 
incisor advancement. In 60 skeletal Class II patients, CBCT 
images were obtained and the patients were divided into four 
groups based on the presence of dehiscences at pre- and 
post-orthodontic treatment. The alveolar bone height and 
width were measured on the CBCT images. One of the four 
groups was designated for dehiscence prior to the treatment 
with no remaining dehiscences upon completion of orth-
odontic therapy. No patients were identified with that group. 
This result indicates that orthodontic treatment alone does 
not help reduce the pre-existing dehiscences in the patients 
who have skeletal Class II (ANB > 3°) with a retrognathic 
mandible without extraction. Their thought-provoking find-
ing in this study was the relationship between dehiscences 
and tooth movement. It demonstrated through the segmented-
regression analysis that for each 1 mm increase in L1-NB 
over 0.71 mm, there was a predictable loss of 1.49 mm in 
alveolar crestal bone height. Similarly, for each 1° increase 
in IMPA over 3.0°, there was a predictable loss of −0.48 mm 
in alveolar crestal bone height. In addition, excessive protru-
sion (L1-NB > 3 mm) and proclination (IMPA > 9°) of man-
dibular central incisors caused dehiscences, while patients 
with tooth movement controlled within L1-NB <1 mm and 
IMPA <4° had less possibility to develop dehiscences. Based 
upon the logistic regression analysis on L1-NB and IMPA, 
each 0.5 mm change in L1-NB was predicted to increase the 
odds of developing by dehiscence by 2.62-fold while a 1° 
change in IMPA was predicted to increase the odds by 1.73-
fold. This translated into a 50% probability of vertical bone 
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loss at an L1-NB change 2.00 mm, or equivalently, an IMPA 
change of 8.02°. Therefore, L1-NB = 2 mm and IMPA = 8° 
might be considered as the orthodontic boundary limits of 
protrusion and proclination in order to prevent development 
of dehiscences after conventional orthodontic treatment in 
skeletal Class II patients.

As we reviewed previously, similar results were reported 
regarding the relationship between incisor inclination and 
gingival recession. In skeletal Class III studies [63], it found 
significantly more recessions during and after orthodontic 
treatment in the patients with excessive proclination 
(IMPA ≥ 10°) than minimal change (IMPA < 2°). The exces-
sive proclination of mandibular central incisors (IMPA = 10°) 
prior to orthognathic surgery showed that the vertical alveo-
lar bone level and the alveolar bone thickness of the labial 
were significantly reduced [86]. Pernet et al. [64] found that 
excessive proclination (≥10°) of the mandibular incisors 
demonstrated an association with the onset of recessions in 
25% of the cases. Kalina et al. [55] evaluated adult patients 
and found teeth in which recession increased had a mean 
change in inclination of 7.6°.

The difference of focusing on dehiscences [19] or gingi-
val recessions [55, 63, 64] in research is how to manage the 
risk of iatrogenic sequelae. Since gingival recessions are the 
consequence of the underlying alveolar bone deficiency, gin-
gival recessions may or may not occur after excessive procli-
nation at the time of evaluation, especially in young children. 
In order to determine the orthodontic boundary limits, focus-
ing on rather alveolar bone deficiency than gingival reces-
sion allows us to obtain more accurate information and 
prevent undesired periodontal sequelae during the time of 
orthodontic treatment.

Additionally, the various initial conditions such as the 
root position, the tooth angulation, the hard and soft tissue 
thickness around the teeth, and surrounding muscles may 
impact the orthodontic boundary limits of mandibular inci-
sor advancement in skeletal Class II cases.

�Conclusion

When treating skeletal Class II patients, CBCT imaging 
elucidated that the orthodontic boundary limits might be 
less than previously thought, and the negative impacts on 
the dentoalveolar gingival complex should be considered. 
Additionally, pre-existing dehiscences in the mandibular 
central incisors were evident in the patients that had skele-
tal Class II malocclusion. In order to maintain a healthy 
periodontium after orthodontic treatment, a thorough and 
comprehensive evaluation of the dentoalveolar gingival 
complex and careful three-dimensional diagnosis must be 
performed prior to orthodontic treatment. Furthermore, if 
excessive protrusion and/or proclination is contemplated in 

the treatment plan, additional treatment modalities such as 
orthognathic surgery, tooth extraction, and corticotomy 
with bone grafting (periodontally accelerated osteogenic 
orthodontics: PAOO, surgically facilitated orthodontic 
therapy: SFOT, corticotomy-assisted orthodontic therapy: 
CAOT) should be taken into consideration to avoid inad-
vertent periodontal complications (dehiscences, fenestra-
tions, and gingival recessions) during and/or after 
orthodontic treatment.
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