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Is Gingival Recession a Consequence of an Orthodontic Tooth Size and/or
Tooth Position Discrepancy? "A Paradigm Shift"

Colin Richman, DMD

Abstract

BACKGROUND: Gingival recession (GR) is a commonly observed dental lesion. The underlying etiology has not been
clearly identified, although several theories have been suggested. Tooth crowding or tooth malalignment is also frequently
observed, with both conditions appearing to be more prevalent in developed countries with heterogeneous populations.
MATERIALS AND METHODS: A total of 25 consecutively treated patients representing 72 teeth and demonstrating facial
clinical GR of > 3 mm were examined clinically, photographically, and with 3-dimensional radiology using cone-beam
computed tomography. All examined teeth presented with normal interproximal probing depths and attachment levels (< 4
mm). Tooth position or tooth volume plus the associated adjacent alveolar bone volume and GR were analyzed. This group
was further evaluated during periodontal surgery for associated alveolar bone fenestrations or dehiscences. RESULTS: All
teeth demonstrating > 3 mm of GR presented with significantly prominent facial tooth contours and associated alveolar
bone dehiscences. Most involved teeth presented with their root structures extending beyond the facial alveolar bony
housing (fenestrations). This represents a discrepancy between tooth size and alveolar bone dimensions in the
buccolingual, axial, and sagittal orientation. Fewer involved teeth were malpositioned toward the buccal aspect. Both
conditions were associated with facial alveolar bone dehiscences and associated GR. CONCLUSIONS: This study
suggests tooth volume and/or tooth position within the alveolar bony housing strongly correlate with GR. Al
nonperiodontitis-involved teeth with GR were associated with either wider teeth or facially aligned teeth. However, it is
emphasized that all facially aligned teeth, or "larger” teeth, do not necessarily present with GR. Based on these findings,
the radiographic-supporting bone index is proposed. This index should facilitate appropriate evaluation of the alveolar bone
supporting the mucogingival complex, both on the facial and lingual aspect of teeth. Further investigations are needed to
support these preliminary data.

Gingival recession (GR) is a frequently observed clinical condition characterized by exposure of tooth cementum, predominantly on
the facial surfaces of a tooth or multiple teeth. Lingual GR is observed less frequently. Clinically, GR is always accompanied by
alveolar bone dehiscences. A patient may present with more than one affected tooth. The extent of GR usually directly correlates
with the extent of the dehiscence observed clinically. Consequences of GR may include a patient's esthetic dissatisfaction;
increased or increasing tooth sensitivity with decreasing ability of the patient and dental hygienist to effectively debride the exposed
root surface; root surface decay; ongoing loss of periodontal attachment with increasing loss of periodontal tooth support; and,
possibly, eventual tooth loss with potential loss of the tooth's facial bony plate.1-6

Exposure of the root surface cementum may lead to grooving and notching of the root surface, known as noncarious cervical
lesions (NCCL). The etiology of these lesions is controversial; however, recent data strongly implicate toothpaste abrasion on the

exposed cemental surface of an involved tooth. Abrahamsen4 has described the etiology of this condition as "toothpaste abuse."’-
10 studies have reported a higher frequency of GR and grooving/notching of the exposed root surface on teeth subjected to higher
levels/frequencies of toothbrushing or the use of a hard toothbrush, as well as brushing more than twice daily.11-14 Various authors

have attributed differing etiologies to the GR initiation and progression including traumatic toothbrushing habits, self-excoriation,
and occlusal trauma. However, insufficient data are available to support any of these entities as a primary etiology.!

In 2004, the average life expectancy of most Americans was 80 years;15 patients are healthier and living longer. They expect to
retain their teeth or fixed tooth replacements, both in function and favorable esthetics, for life. GR may increase the risk of
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premature tooth loss and compromise the ability to meet this goal.

Orthodontic crowding is defined as a "discrepancy between tooth sizes and arch length and/or tooth positioning that results in
malalignment and abnormal contact relationships between teeth."16 Crowding is classified into three categories. Primary
(hereditary) crowding is determined genetically and caused by disproportionately sized teeth and alveolar jaw bone housing.
Secondary is an acquired anomaly caused by mesial drifting of the posterior teeth after premature loss of deciduous teeth in the
lateral segment and/or lingual or distal displacement of the anterior teeth. The etiopathogenesis of tertiary crowding is still under
debate and may be associated with a third molar eruption.1? This author proposes a fourth category in which alveolar bone mass is
adequate and able to accommodate the tooth in three planes, but the tooth is displaced buccally. A combination of situations may
also exist.

The purpose of this study was to examine the relationship between GR and the associated tooth position plus tooth volume in the
buccolingual dimension, as observed by cone-beam computed tomography (CBCT).

Materials and Methods

A total of 25 consecutively treated patients referred to this author's periodontal practice for treatment of GR or periodontally
accelerated osteogenic orthodontics (PAOO) therapy were evaluated. Clinical examinations included measurement of GR and
attachment loss on the midfacial aspect of each involved tooth, gingival index, plaque index, and Eastman interdental bleeding
index.18 GR, when present, was measured from the cemento-enamel junction (CEJ) to the gingival margin with a Colorvue®
periodontal probe (Hu-Friedy, http://www.hu-friedy.com/). Calibrated digital photographs were obtained (Rebel XT, Canon, USA,
http://www.usa.canon.com/; Ring Light, Canon USA; 105-mm Macro Lens, Canon USA). Three-dimensional radiographic analysis
using a small-volume cone-beam scanner (Kodak Dental Systems, http://www.kodakdental.com/) was obtained. At the level of the
interproximal and radiographically visible bone height, axial and sagittal slices of involved teeth were analyzed for radiographic root
prominence and position within the associated alveolus (Figure 1 and Figure 2). Further analyses compared the radiographic data
to the clinical photographic data obtained before and during surgical corrective treatment (Figure 3 and Figure 4).

Exclusion criteria included the presence of an aberrant frenum, probing pocket depth > 2 mm on the midfacial aspect of the
involved tooth, and previous periodontal surgical therapy at the involved site (pocket reduction therapy or mucogingival
enhancement).

Following initial patient evaluation, diagnosis, and comprehensive treatment planning, each patient was advised of all periodontal
conditions present, and appropriate informed consent was obtained. Then, indicated regenerative periodontal therapy was
provided. After surgical reflection of full-thickness periodontal flaps, the facial bony topography of all affected teeth was further
analyzed clinically and a photographic record was obtained (Figure 4). All data were tabulated for subsequent analysis and
interpretation.

Results

Each tooth demonstrating > 3 mm of facial GR also presented with a root prominence extending beyond the alveolar bony housing
(dehiscence). Although all patients had previously received detailed oral hygiene instruction with a strong emphasis on interdental
plaque control prior to the treatment appointment, they presented with low gingival and plaque indices at the time of surgical
treatment.

Discussion

Incidence and Frequency of Gingival Recession and Orthodontic Disharmony

Epidemiologic data on 9689 American patients ages 30 to 90 years demonstrated that more than 11% have one or more tooth
surfaces with > 2 mm of GR. There were 58% with 1 mm (or more) of GR. The rate of GR increased with age (an 80% prevalence
of GR in patients with labially positioned teeth ages 36 to 86 compared with 40% in patients ages 16 to 25). GR occurrence is
greater in men than women of the same age.419-21 The most common location of GR is the facial aspect of canines, followed
successively by premolars, incisors, and molars.419-21
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A US Public Health Service report suggests 75% of American children have some degree of malocclusion. Malocclusion rates are
higher in developed than in primitive countries (for instance, malocclusion is rare among Australian aborigines and Melanesian
islanders) and highest in the US, perhaps because of genetic heterogeneity.22-24

GR may be exacerbated by:

. Root prominence in the presence of thin mucosa.

. Dehiscences or fenestrations of the underlying alveolar bone.

. Aberrant frenum activity.

. Orthodontic movement of teeth and roots outside the alveolar housing.
. latrogenic dental care.

. Physical trauma.

. Overzealous home care.

Pathogenesis of GR

A well-designed longitudinal clinical study of dental students demonstrated increasing GR during 5 years of close observation. GR
progressed during the study period, despite detailed oral hygiene instruction that began during the students' first year of dental
school and was reinforced continually. Instruction was aimed at replacing harmful oral hygiene habits with healthier self-care
techniques. Relative to this study, further research would be valuable, using CBCT to determine if adequate facial bone was initially
present around the teeth demonstrating GR. Also, information regarding previous orthodontic treatment would have been helpful.

Reasons for the actual process of gingival tissue breakdown, albeit a thin and fragile biotype, need to be elucidated. Perhaps the
combination of thin alveolar bone and fragile tissues, together with mechanical stress from toothbrushing, may lead to the actual
loss of gingival tissue.25

During orthodontic tooth movement, teeth may (inadvertently) be repositioned beyond the bony alveolar housing with resultant
dehiscence and fenestration formation. These observations were seen in patients undergoing retraction of anterior teeth, monitored
with lateral cephalometric radiographs and CBCT studies.26 GR may be a long-term consequence of teeth moved beyond the bony
housing. Generally, this occurs more frequently on the labial surfaces of canines and premolars and the mesial roots of molars.
Crowding in the lower anterior segment also increases the risk of GR, probably for the same reasons.

One hypothesis regarding the etiology of recession has been proposed by Addy who suggested the buccal alveolar bone provides
much of the local blood supply for buccal gingiva and loss of underlying bone is associated with eventual deficiency of gingival
tissue.2?

Various authors define two distinct gingival phenotypes:

1. A thick phenotype characterized by a wider zone of attached tissue and a thicker facial-lingual gingival dimension. The
associated teeth appear more "quadratic" and are less susceptible to recession.

2. Athinner phenotype characterized by a narrower zone of attached tissue and a thinner facial-lingual gingival dimension28-31
in which the associated teeth appear to be more susceptible to gingival recession.

However, these authors do not address facial bone volume as a contributing or limiting factor to the potential risk for recession or
alternatively gingival stability and, thus, adequate data are still needed to support these hypotheses.

Orthodontic Space Analysis

Orthodontists routinely compare the length of the dental arch perimeter to the mesiodistal dimension of teeth. A measurement is
taken relative to the occlusal surface of all teeth in the mesiodistal dimension, and a separate measurement is made relative to the
available alveolar bone perimeter length. The difference between these two measurements enables the orthodontist to evaluate the
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amount of space available for alignment of teeth (Figure 5 and Figure 6).23.24 Thus, space analysis facilitates orthodontic treatment
planning, relative to tooth movement in the axial plane. In certain situations, tooth extraction may be necessary, depending on the
amount of space needed to functionally and esthetically accommodate all teeth. From the periodontal perspective, however, space
analysis does not evaluate the buccolingual (sagittal) dimension of the tooth or associated alveolar bone (Figure 7).

Several alternative orthodontic space evaluation indices exist, enabling the orthodontist to calculate the tooth size available
alveolar bone discrepancies. However, most of these indices are associated with the mesiodistal tooth dimension only. This means
the various analyses evaluate discrepancies between tooth mass and alveolar bone volume in the axial (horizontal plane) but not in
the sagittal (buccolingual) dimension.32-42

Howe et al compared dental arch dimensions in participants demonstrating gross dental crowding with patients demonstrating little
or no crowding. The researchers found no difference between the groups relative to the mesiodistal tooth dimensions. However,
significant differences were observed between the skeletal arch dimensions of the two groups. Tooth mass in the crowded group
exceeded available alveolar bone, suggesting the discrepancy was associated with tooth mass and alveolar bone was available to
accommodate the teeth.43-45

Generally, GR is nonexistent in the deciduous dentition because deciduous teeth have less volume in three planes of orientation,
especially the sagittal plane.

If there is a moderate mesiodistal space discrepancy not requiring tooth extraction, expansion of the arch becomes a preferred
treatment option. The potential consequence of the buccal movement of teeth is that the teeth may be displaced further buccally
and out of the supporting alveolar bone, exacerbating a potential mucogingival problem.26.46 This assumes 3-dimensional
orthodontic movement and a buccolingual quantitative tooth-size available bone-mass discrepancy.

Other authors advocate mesiodistal stripping of teeth to treat a moderate space discrepancy. From a periodontal perspective, this
technique does not accommodate the potential discrepancy between tooth width and associated alveolar bone width (in the
buccolingual dimension). This treatment also might cause long-term interproximal root proximity problems and associated
periodontal consequences.47-49

As of this writing, this author is not aware of clinically relevant diagnostic tools enabling effective calculation of the third dimension
of an orthodontic crowding discrepancy, namely the amount of available alveolar bone, as well as tooth width size in the
buccolingual (sagittal) dimension. Such a diagnostic tool would help identify potential risk patterns during orthodontic treatment.
Figure 8, Figure 9 and Figure 10 demonstrate a clinical situation in which the buccolingual bone width exceeds the buccolingual
tooth width, providing the entire periphery of the tooth root with adequate supporting bone 2 mm apical to the CEJ. This bone will
effectively support soft tissue at the appropriate level, relative to the CEJ.

Conversely, Figure 1, Figure 2 and Figure 3 demonstrate a situation in which part of the facial aspect of the tooth is outside the
buccal housing of the bone. Significant GR is noted with this facial alveolar bone discrepancy. Currently, the increasing use of
CBCT, as well as 3-dimensional imaging, is facilitating the accuracy of tooth and bone volumetric assessment.

Through the use of CBCT and clinical photography, this author has observed a consistent relationship between GR and the
deficient buccolingual dimensions of the associated alveolar bone at the coronal third of the tooth's root. Based on these
observations, a new radiography-based index the radiographic supporting bone index (RSBI) is proposed. This index is based on
the difference between the alveolar bone width, measured at a position 2 mm to 3 mm from the CEJ (in the midfacial buccolingual
dimension), and the same width of the tooth. Then, the two measurements are subtracted. The values are obtained from a CBCT
study of the patient and essentially used to compare the tooth width at this predefined position with the available bone width at the
same position.

The proposed categories of RSBI are:

Class A RSBI represents the ideal clinical situation: 1.5 mm to 2 mm of available supporting bone on the facial or lingual aspect of
each tooth.50.51
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Class B RSBI represents a compromised but potentially stable situation: < 1.5 mm but > 0.5 mm of available supporting facial or
lingual alveolar bone.

Class C RSBI represents a high-risk situation for future GR = 0.5 mm of available bone at the measured sites. This category
becomes relevant if buccal orthodontic tooth movement is indicated for the specific tooth. The same analysis applies to the lingual
aspect of the tooth if lingual orthodontic tooth movement is anticipated.

Figure 11, Figure 12, Figure 13 and Figure 14 represent Class A RSBI on the lingual aspects of teeth Nos. 10 to 12. The facial
aspect of tooth No. 12 represents a Class B RSBI (Figure 13). Note the adequate soft-tissue support at the CEJ on the facial
aspect. Observe the apical displacement of facial bone seen in the surgical slide.

Teeth Nos. 10 and 11 represent Class C RSBI on the facial aspect, but note apical displacement of facial bone seen in the surgical
slide. Figure 15 demonstrates Class B RSBI for tooth No. 25 and Class C RSBI for teeth Nos. 22 to 24 and 27.

Thus, RSBI may be a useful risk assessment tool for predicting potential GR when dental therapy is indicated, including:

. tooth removal with subsequent implant placement.
. orthodontic treatment.

. esthetic restorative dental therapy.

This author understands that numerous clinical nonorthodontic situations involve < 1.5-mm RSBI with stable mucogingival
complexes that do not demonstrate GR or potential future GR. The value of this proposed index may be associated with treatment
planning decisions, relative to orthodontic expansion and tooth extractions with proposed implant replacement in the esthetic zone.
Further research is needed to elucidate the ideal volume of bone around the periphery of each tooth that is required to support the
mucogingival complex throughout dental and orthodontic treatment procedures (Figure 15).

Additional clinical observation suggests patients with alveolar bone dehiscences are at greater risk of clinically significant future GR
than patients with adequate supporting bone close to the CEJ. A dehiscence is described as "the absence of alveolar cortical plate
sometimes exceeding more than half of the root length and often resulting in a denuded root surface"52-54 (Figure 16).

In this situation, if during orthodontic tooth movement the teeth are translated further labially, then treatment might exacerbate the
risk of GR. It is also noted that GR is rare in cases of fenestration with adequate bone at the CEJ-supporting gingival tissue. A
fenestration is described as a window-like aperture or opening found in the alveolar bone over the tooth root and exposes the facial
or lingual root surface>2-54 (Figure 16, Figure 17 and Figure 18).

Figure 19 demonstrates ideal facial bone and virtually no risk for GR following orthodontic expansion in the buccal direction.
Periodontally Accelerated Osteogenic Orthodontics

The emerging treatment protocol of PAOO, as proposed by Wilcko et al, meets the objective of "alveolar thickening" at potential
risk sites by augmenting the horizontal dimension of the alveolar bone, with both hard- and soft-tissue grafting agents, prior to the
initiation of orthodontic treatment.55

Selected Tooth Extractions as Part of Orthodontic Treatment

Whether tooth extraction influences root resorption is controversial. Higher root resorption rates have been found in patients
receiving treatment with tooth extractions than in those who did not have extractions.56.57 Also, the duration of orthodontic
treatment with fixed orthodontic appliances has been found to contribute to the degree of root resorption. Average treatment length
for patients without root resorption is 1.5 years, and for patients with severe root resorption 2.3 years.>8 Preliminary data from this
author's ongoing unpublished office-based studies suggest that more than 75% of patients who have received bicuspid tooth
extractions with associated orthodontic therapy demonstrate clinically significant GR at one or more tooth sites. Therefore, it is
assumed that the original orthodontic diagnosis, necessitating tooth extractions to gain space for tooth alignment, was predicated
on a significant tooth-size alveolar bone discrepancy, in which the tooth volume significantly exceeded the alveolar bone volume in
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the horizontal (axial) plane and probably in the sagittal plane, as well. The sagittal plane discrepancy is likely associated with a
deficient quantity of facial alveolar bone and thus increased risk for short- or long-term GR.

Conclusions

A RSBI of 1.5 mm to 2.0 mm in the natural dentition is seemingly required to maintain a stable mucogingival complex and minimize
GR. This author recognizes that the preceding concepts are based on clinical observation and that substantial further research and
interpretation is needed to support this hypothesis.

Reidel stated: "...from an applied as well as stability perspective orthodontic expansion in the mandibular arch, in a patient with thin
gingival tissue should be avoided, if possible." He further stated that, "...if frontal expansion is still performed in association with
orthodontic therapy, the buccolingual thickness of the hard and soft tissues should be evaluated.” If surgical intervention is
considered necessary to reduce the risk of soft-tissue recessions, the goal should be increasing the thickness of the covering
tissues (eg, grafts) and not the apico-coronal width of the gingival tissues.>6
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