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ABSTRACT

Introduction: This report on clinical cases presents the evaluation of periodontal parameters that 
should be assessed in patients with impacted maxillary canines as predictors of post-operative 
results. Objective: To evaluate the surgical follow-up after two years, analyzing the tomograph-
ic and clinical periodontal parameters of the impacted maxillary canines that underwent an 
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orthodontic traction procedure after exposure by using apical and lateral reposition flaps from 
existing keratinized tissue. Case presentation: Clinical parameters were evaluated: plaque index, 
gingival index, pocket depth, keratinized tissue width, and Cairo esthetic score. Tomographic pa-
rameters were also evaluated: bone height, bone support, and bone thickness. After two years of 
post-operative follow-up, clinical parameters showed the absence of plaque in the gingival area, 
absence of inflammation, bleeding, color change, and absence of periodontal pockets. The width 
of keratinized tissue obtained was 4.3 mm and it always kept up with the tooth’s movement. Its 
aesthetics and quality are comparable to the adjacent tooth. Cone-beam computed tomography 
showed that the bone height was greater in the labial region and lesser in the palatal region and 
the percentage of bone support was related to the height of the alveolar crests. The thickness of 
the labial bone plate was smaller compared to the thickness of the palatal bone plate. Conclusion: 
The apical-positioned flap and the lateral-positioned flap have been demonstrated as periodontal 
plastic surgery techniques to maintain an appropriate width of keratinized tissue around natural 
teeth. In the literature, there are not sufficient reports showing the joint evaluation of clinical 
and tomographic periodontal parameters, so they must continue to be reported to create an 
evaluation protocol before canine exposure surgery in the future.

Keywords: impacted canines, apical and lateral positioned flap, periodontal health

INTRODUCTION

An impacted tooth is defined as a tooth that has not erupted in its functional position and its 
follicular sac does not maintain a connection with the oral cavity within its normal growth 
period1,2. Maxillary canines occupy the second place in impaction, after the third molars1. Ac-
cording to Grisar et al, 42.5% of cases present labial impaction2. Its etiology is multifactorial 
and includes dental discrepancy, ectopic position of the tooth germ, absence of space and ori-
entation, presence of hard or soft tissue pathologies, and genetic factors2,3. In addition, 90% of 
cases of impacted teeth are covered only by soft tissue3.

Labial impactions are usually difficult to manage without causing periodontal complica-
tions. It is estimated that the surgical technique used to expose the canine is critical in the 
final periodontal result because it can affect the amount of gingiva adhered to the crown of the 
tooth once it has reached its functional position3. The modification of the Ericson and Kurol 
analysis proposed by Lindauer et al. in 1992, allows for determining the position of the im-
pacted canines in the maxilla, taking the lateral incisor as a reference4. Sector I is located distal 
to the tangent that touches the distal surface of the lateral incisor, sector II includes the area 
from the tangent on the distal surface to the midline bisector of the lateral incisor, sector III 
extends from the midline bisector to the tangent that crosses the mesial surface of the lateral 
incisor and sector IV includes all areas mesial to sector III4.

Before the surgery, clinical periodontal parameters such as plaque index (PI) and gingival 
index (GI), pocket depth (PD), keratinized tissue width (KT), Cairo’s root coverage esthetic score 
(RES), as well as tomographic parameters such as bone height (BH), bone support (BS) and bone 
thickness (BT), should be evaluated to determine the surgical technique to treat impacted or 
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included teeth, as it involves the use of periodontal plastic surgery techniques such as gin-
givectomy, labial repositioning flap, apical repositioning flap, and lateral repositioning flap1.  
The purposes of surgical treatment are to obtain direct access to the clinical crown and suffi-
cient bone and mucogingival release for orthodontic button placement3,5,6.

Orthodontic treatment of impacted maxillary canines is usually a challenge because several 
factors must be taken into account such as proper selection of the surgical technique where 
the labio-palatal position, vertical position of the tooth regarding the mucogingival line, me-
siodistal position of the canine crown and amount of keratinized tissue are considered; the 
orthodontic traction modality to achieve satisfactory esthetic and periodontal health results; 
sufficient space in the dental arch to allow proper alignment of the canine, accurate anchorage 
preparation, careful biomechanical planning and a magnitude of force used within a physiolog-
ical range (which should not exceed 0.6 N)7.

These two clinical cases aimed to evaluate the two-year postsurgical follow-up by analyzing 
the clinical and tomographic periodontal parameters of impacted maxillary canines subjected 
to orthodontic traction after exposure using apical and lateral repositioning flaps from existing 
keratinized tissue.

PRESENTATION OF CLINICAL CASES

CASE 1

A 13-year-old female patient attended the Periodontics and Implantology Clinic of the Divi-
sion of Postgraduate Studies and Research of the Universidad Nacional Autónoma de México 
(DEPeI-UNAM), referred by the Department of Orthodontics with a diagnosis of impacted 
maxillary canine, tooth #13, sector III4 for surgical exposure.

Periodontally, her diagnosis was mild, generalized gingivitis induced by dental biofilm. After 
performing periodontal phase I, the tissue was in gingival health. Apical repositioning flap sur-
gery was performed because, within the clinical periodontal parameters, a keratinized tissue 
width of 3mm was recorded in tooth 13. The tomography showed the impacted tooth #13, 
with the absence of cortical tissue in the labial region and at the level of the cementoenamel 
junction of tooth #11. These findings allowed us to determine the position of tooth 13 in sector 
III according to Lindauer’s diagnosis 4 and helped us in the selection of the surgical technique. 

An apical repositioning flap was chosen to preserve as much keratinized tissue as possible8, 

and because of the apical position of the canine regarding the mucogingival line. In the surgical 
procedure, a partial thickness flap was designed, two-thirds of the coronal crown was exposed 
and the orthodontic button (Borgatta®) was attached as close as possible to the incisal edge 
using the 3M adhesive system®. The flap was then repositioned apically and sutured to the 
periosteum with single stitches and 6-0 polyglycolic acid suture so that it covered 2 to 3 mm of 
the crown (Figure 1. A-D). 

Traction of tooth #13 was activated at the time of orthodontic button placement with a 
second-generation Ormco closed elastic chain®, in the direction of tooth #14 to guide eruption 
(Figure 1. C-D). Traction was performed intermittently from tooth exposure until the ninth 
month of orthodontic follow-up where tooth positioning was achieved with light and continu-
ous forces at one-year post-surgery.
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CASE 2

Female patient, 13 years old, attended the Periodontics and Implantology clinic of the DEPeI 
UNAM, referred by the Department of Orthodontics with a diagnosis of impacted maxillary 
canine teeth #13 and #23, sector IV4, for surgical exposure by apical repositioning flap for both 
teeth and a second flap surgery with lateral repositioning for tooth #13. Future extractions of 
teeth #11 and 21 were planned due to severe root resorption. 

Periodontally, mild, generalized dental biofilm-induced gingivitis was diagnosed. After per-
forming periodontal phase I the tissue was in gingival health. At the time of surgery, the width 
of keratinized tissue in teeth #13 and 23 was 3mm. The tomography allowed us to determine 
the position of teeth #13 and 23 in sector IV according to Lindauer’s diagnosis4 and it was 
observed that tooth #13 was in an apical position to tooth #23 and covered by labial cortical 
bone. These findings helped us to determine the surgical technique and we chose to perform 
an apical repositioning flap in both canines to preserve as much keratinized tissue as possible8, 
because of the apical position of the canines regarding the mucogingival line.

The surgical procedure was performed using the apical repositioning flap technique previ-
ously described in case 1, both for tooth 13 and tooth 23; with the only difference being that in 
tooth #13 cortical bone was removed before the removal of the connective tissue follicle (Figure 
2. A-B). The traction of tooth #23 was activated at two weeks post-surgery from a closed metal 
ligature (TD) fixed from the orthodontic button (Borgatta®), attached by 3M adhesive system®, 
in the direction of tooth #21 to guide the eruption. Traction was performed intermittently for 
six months.

Figure 1. Periodontal plastic surgery technique for the exposure of tooth #13.  
Case 1. A. Design of a partial thickness flap to be repositioned apically. B. Exposure 

of tooth #13. C. Placement of the orthodontic button. D. Apical repositioning 
of the flap using simple stitches and 6-0 polyglycolic acid suture.
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Six months after surgery, it was observed that the keratinized tissue adjacent to the orthodon-
tic button of tooth #13 was covering it and would not facilitate the placement of the bracket for 
future tooth traction, so it was decided to perform a second surgery with a lateral repositioning 
flap, after removing the orthodontic button (Figure 3. A-D).

Seven months after the second surgery, the canines reached occlusion and the corre-
sponding alveolar area of teeth #11 and 21, which were extracted because they had a hopeless 
prognosis due to complete root resorption and severe mobility.

Figure 2. Periodontal plastic surgery techniques for exposure of teeth #13 and 23. A. Design of 
a partial thickness flap to be repositioned apically over both teeth. B. Placement of orthodontic 

buttons and apical repositioning of the flaps from simple stitches and 6-0 polyglycolic acid suture.

Figure 3. Periodontal plastic surgery technique for exposure of tooth #13, 6 months 
after the previous surgery. A. Presence of keratinized tissue lateral to tooth #13. 
B. Design of a partial-thickness flap to be repositioned laterally. C. Exposure of 
tooth #13 and placement of the orthodontic button. D. Lateral repositioning 

of the flap using simple stitches and 6-0 polyglycolic acid suture.
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At two years post-surgery, once the teeth reached occlusion and their position in the corre-
sponding alveolar area, the clinical parameters were assessed in sequential order: PI, GI, PB, KT, 
RES, and same order with the tomographic parameters BH, BS, and BT (Figure 4 A-B).

FOLLOW-UP

CASE 1

Tooth #13: In the clinical parameters, PI=0 showed the absence of plaque in the gingival area; 
GI=0, showed gingiva with the absence of inflammation, hemorrhage, and alteration of color 
change, PD<4mm, with the absence of periodontal pockets (Table 1), KT of 5mm (Figure 5 A-C).

Table 2 shows the RES, where the score for the gingival margin level was 6, i.e., absence 
of gingival recession; for the marginal tissue contour the result was 1, showing a scalloped 
marginal contour; the variable of texture with a score of 0 showed the presence of a scar; for 
color, the score was 1, showing adequate integration with the adjacent soft tissues; for its part, 
the MGL was shown to be aligned with the adjacent teeth, obtaining a score of 1. A total score 
of 9 was obtained.

In the tomographic parameters the BH in the vestibular region was higher (3.96 mm) rel-
ative to the BH in the palatal region (1.42 mm); the percentage of labial BS was lower (71%) 

Figure 4. Tomographic analysis. Schematic drawing to calculate the labial and palatal bone  
height (BH) and bone support (BS) of the exposed canines at two years post-surgery.  

The green lines identify the cementoenamel junction-alveolar crest (CEJ-AC) distance in both  
the labial and palatal regions, the pink line identifies the apex-cementoenamel junction (A-CEJ)  

distance, the blue line marks the apex-labial alveolar crest (A-LAC) distance, and the dashed  
white line identifies the apex-palatal alveolar crest (A-PAC) distance. The bone percentage was  

calculated by dividing the apex-alveolar crest distance by the apex-enamel cementoenamel  
junction distance. Schematic drawing for calculating the labial and palatal bone thickness (BT)  

of exposed canines at two years post-surgery. Taking as reference the distance between the root  
surface and the cortex, perpendicular to the long axis of the tooth, at 3 mm S1), 6 mm (S2),  

and 9 mm (S3) (blue, green, and purple lines respectively) from the cementoenamel junction.
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relative to the percentage of palatal BS (88%) (Table 1) (Figure 6 A). BT was lower at all three 
labial cortical sites (S1=0.53 mm) (S2=0.49 mm) (S3=0.58 mm) relative to BT at all three palatal 
cortical sites (S1=0.83 mm) (S2=1.87 mm) (S3=2.49 mm) (Table 1) (Figure 7A).

Table 1. Clinical and tomographic periodontal parameters obtained two years after surgery for cases 
1 and 2. The percentage of bone support was obtained by dividing the apex-to-alveolar crest distance 
by the apex-cementoenamel junction distance.

Case 1 Case 2

Variables Region Tooth #13 Tooth #13 Tooth #23

Plaque index 0 0 0

Gingival index 0 0 0

Pocket Depth Mesio-labial 3 2 2

Labial 1 1 1

Disto-labial 3 3 3

Mesio-lingual 3 2 2

Lingual 3 2 3

Disto-lingual 3 2 3

Width of keratinized tissue Labial 5 mm 5 mm 3 mm

Bone height (CEJ- alveolar crest) Labial 3.96 mm 4.80 mm 2.26 mm

Palatal 1.42 mm 1.33 mm 1.31 mm

Apex-Alveolar crest Labial 9.86 mm 5.01 mm 3.77 mm

Palatal 12.28 mm 8.89 mm 4.84 mm

Apex-cementoenamel junction 13.87 mm 10.16 mm 6.16 mm

Bone support Vestibular 71% 49% 61%

Palatine 88% 87% 78%

Labial bone thickness S1 0.53 mm 0.48 mm 0.42 mm

S2 0.49 mm 0.74 mm 0.60 mm

S3 0.58 mm 0.71 mm -

Palatal bone thickness S1 0.83 mm 2.49 mm 1.70 mm

S2 1.87 mm 4.00 mm 3.93 mm

S3 2.49 mm 2.67 mm -

Figure 5. Assessment of keratinized tissue obtained around tooth #13 after surgery.  
The tissue followed the tooth during its movements and is comparable to that of the adjacent 

teeth. A. 6 months post-surgery. B. One-year post-surgery. C. Two years after surgery.
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CASE 2

Teeth #13 and 23. In the clinical parameters, PI=0 presented an absence of plaque in the gin-
gival area, GI=0, showed gingiva with absence of inflammation, bleeding, and color change, 
PD<4mm with absence of periodontal pockets (Table 1), KT of 5mm and 3mm for teeth 13 and 
23 respectively (Figure 8 A-C). The RES showed a score of 6 for the level of the gingival margin 
in the two canines, i.e., absence of gingival recession; for marginal tissue contour the score was 
1 for both teeth, evidencing a scalloped marginal contour; the texture variable with a score of 0, 

Figure 7. Tomographic image showing the labial and palatal bone thickness (BT)  
measurements of the exposed canines two years after surgery. A. Tooth 

#13, case 1. B. Tooth #13, case 2. C. Tooth #23, case 2.

Figure 6. Tomographic image showing the measurements of the labial and palatal  
bone height (BH) and bone support (BS) of the exposed canines at two years  
post-surgery. A. Tooth #13, case 1. B. Tooth #13, case 2. C. Tooth #23, case 2.
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showed the presence of a scar around the two canines; For color, the score was 0 for tooth #13, 
showing a color variation with the adjacent teeth, and 1 for tooth #23, showing an adequate 
integration with the adjacent soft tissues; for its part, the MGL was aligned with the adjacent 
teeth, obtaining a score of 1 for both teeth. A total score of 8 was obtained for tooth #13, and 
9 for tooth #23 (Table 2).

Table 2. Cairo’s esthetic scores obtained two years after surgery for cases 1 and 2.

Case 1 Case 2

Variables Tooth #13 Tooth #13 Tooth #23

Gingival margin level 6 6 6

Marginal tissue contour 1 1 1

Texture 0 0 0

Color 1 0 1

MGL lineup 1 1 1

TOTAL 9 8 9

Table caption: Gingival margin level. 0=presence of gingival recession, 6=absence of gingival re-
cession. Marginal tissue contour. 0=irregular gingival margin (does not follow CEJ), 1=adequate 
marginal contour/scalloped gingival margin. Texture. 0=scar formation and/or keloid appearance; 
1=absence of scar or keloid formation. Color. 0=tissue color varies from the gingival color of ad-
jacent teeth; 1=normal color and integration with adjacent soft tissues. MGL alignment. 0=MGL 
misaligned with MGL of adjacent teeth; 1=MGL aligned with MGL of adjacent teeth.

In the tomographic parameters for tooth #13, BH in the labial region was higher (4.80 mm) 
relative to the palatal AO (1.33 mm); the percentage of labial BS was lower (49%) relative to 
the percentage of palatal BS (87%). For tooth #23, BH in the labial region was higher (2.26 mm) 
relative to the palatal BH (1.31 mm); the labial BS percentage was lower (61%) relative to the 
palatal BS percentage (78%) (Table 1) (Figure 6 B-C).

It was observed that the BT for the labial cortex of tooth #13 was lower at the three points 
(S1=0.48 mm) (S2=0.74 mm) (S3=0.71 mm) relative to the BT at the three points of the palatal 
cortex (S1=2.49 mm) (S2=4.00 mm) (S3=2.67 mm). For tooth #23 the BT of the labial cortex was 
lower at the two points (S1=0.42 mm) (S2=0.60 mm) relative to the BT at the two points of the 
palatal cortex (S1=1.70 mm) (S2=3.93 mm), the third point (S3) could not be evaluated due to 
the decreased height of the labial and palatal cortices (Table 1) (Figure 7 B-C).

Figure 8. Assessment of keratinized tissue obtained around teeth #13 and 23 after surgery. 
The tissue followed the tooth during its movements and is comparable to that of the adjacent 

teeth. A. 6 months post-surgery. B. One-year post-surgery. C. At two years post-surgery



54

Mier Ortiz MJ, et al. Clinical and Tomographic Periodontal Parameters Two Years after Surgical Exposure 
of Canines.

DISCUSSION

This case report coincides with the study by Cercadillo-Ibarguren et al.9 in which it was observed 
that GI, bleeding on probing (BP) and PD did not show significant differences in surgically 
exposed teeth, and teeth subjected to orthodontic traction. From these results, it could be 
concluded that the apically repositioned flap technique proved to be a predictable procedure 
that maintains periodontal health in the long term. The results of this case report showed that 
the average KT obtained around the exposed teeth was 4.3 mm, similar to that of the adjacent 
teeth. These results are similar to those reported by Lee et al.10 where the group of teeth ex-
posed by apically repositioned flaps showed pocket depth and keratinized tissue width values 
comparable to those of adjacent teeth. 

This clinical case report included the RES11 which, despite being oriented to evaluate es-
thetic results after root coverage surgical techniques, is very practical for the evaluation of the 
state of the soft tissues at six months post-surgery. In the case of texture, the exposed canines 
obtained a value of 0 because they showed the formation of a scar; this same situation was 
reported in the study by Cercadillo-Ibarguren et al.9 in which 86.7% of the teeth exposed by an 
apical repositioning flap showed signs of scarring and 46.7% showed the presence of a bilateral 
scar in the soft tissues of the intervened teeth. In the color variable, tooth #13 exposed in case 
2, obtained a score of 0 since a reddish color incompatible with gingivitis, varied to that of 
the adjacent tissues. The study by Cercadillo-Ibarguren et al.9 reported the same situation and 
attributed it to the fact that the alveolar mucosa accumulates from an apical position together 
with the sutured flap in its final position.

Regarding post-surgical bone assessment, the results showed that the group of surgically 
exposed teeth presented a higher BH in the labial region compared to the palatal region where 
the CEJ-AC distance was lower. Guo et al.12 in their systematic review and meta-analysis suggest 
that during orthodontic movements bone remodeling mainly involves bone resorption in the 
palatal region and limited bone apposition in the labial region. Castro et al.13 reported that 
maxillary canines reported a high risk of vertical alveolar bone loss during orthodontic move-
ments. A greater CEJ-AC distance was reported in the vestibular region of tooth #13 exposed 
in case 2 as compared to case 1. Kohavi et al.14 recommend the use of light forces during tilting 
and extrusion movements to avoid less bone loss during traction of impacted teeth. The BT of 
the exposed canines, assessed at 3 mm, 6 mm, and 9 mm from the CEJ, was lower in the labial 
cortex than in the palatal cortex at the same points. The systematic review by Mandelaris et 
al.15 reports a higher incidence of bone dehiscence in teeth subjected to orthodontic forces 
aimed at moving the dentition out of the socket.

The literature reports other possibilities regarding techniques for canine exposure, such as 
a closed surgical approach. However, this technique has disadvantages such as ankylosis, lack 
of direct control of movement, and the need for an additional surgical procedure if the ortho-
dontic button is debonded; in addition, mucogingival problems can be created by inadequate 
orthodontic mechanics causing the tooth to erupt through the mucosa8.

CONCLUSIONS

Both the apical repositioning flap used on teeth #13 in case one and #13 and #23 in case two 
–as well as the lateral repositioning flap used on tooth #13 in case two– have proven to be ef-
fective periodontal plastic surgery techniques for maintaining an adequate width of keratinized 
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tissue around natural teeth. These techniques contribute significantly to the preservation of 
periodontal health and successful interdisciplinary treatment.

It is important to note that there are limited reports in the literature that jointly evalu-
ate clinical and tomographic periodontal parameters. Therefore, clinical case reports should 
continue to be made, with the aim of developing in the future an evaluation protocol prior to 
canine exposure surgery. This will allow the establishment of criteria with more clinical evi-
dence for planning these surgical procedures.
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