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Abstract: Objective: The appearance of the gingival tissue around the teeth is essential in the aesthetics of the 
anterior maxillary region of the oral cavity. Abnormalities in symmetry and contour can significantly compromise the 
appearance of the natural or restored dentition, so the outcome is highly relevant to treatment choice. This study 
evaluated the efficacy of crown lengthening for restoration of maxillary anterior tooth defects. Methods: A total of 
80 patients (87 affected teeth) diagnosed with maxillary anterior tooth loss in Ganzhou People’s Hospital between 
May 2020 and August 2021 were retrospectively enrolled and divided into an experimental group or a reference 
group according to different treatment methods, with 40 cases in each group. The reference group received a post 
and core procedure, while the experimental group received crown lengthening plus a post and core procedure. 
Outcome measures included clinical efficacy, gingival periodontal-related indices, and dental aesthetics indices. 
Results: Crown lengthening plus post and core procedure was associated with a significantly higher clinical efficacy 
(95.65%) versus post and core procedure alone (78.05%) (P<0.05). Postoperatively, the levels of probing depth 
(PD), plaque index (PLI), bleeding index (BI), and gingival index (GI) were lower in patients of the experimental group 
than those in the reference group (all P<0.05). Crown lengthening plus post and core procedure resulted in more 
Kay class I and II patients and fewer Kay class III and IV versus the post and core procedure alone (P<0.05). The 
position of gingival margin (PGM) and gingival recession (GR) of patients in the experimental group were higher than 
those in the reference group after operation (P<0.05). Logistic regression analysis showed that the morphology 
of broken ends, plaque control, hygiene habits, and smoking were influencing factors for maxillary anterior tooth 
defects (all P<0.05). Patients were more satisfied (97.50%) in the experimental group than those in the reference 
group (80.00%) (P<0.05). Conclusion: Crown lengthening improves the periodontal condition of patients with maxil-
lary anterior tooth loss, reduces gingival sulcus bleeding, and improves dental aesthetics and patient satisfaction. 
Further clinical studies are required prior to clinical promotion.
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Introduction

The anterior maxillary region is an important 
area for oral aesthetics, and tooth loss in this 
region results in serious aesthetic implications 
[1]. Traumatic fractures and severe dental car-
ies are prone to the loss of maxillary anterior 
teeth and the formation of vestigial roots and 
crowns that violate the distance from the bot-
tom of the gingival sulcus to the alveolar ridge, 
affecting the patient’s masticatory function 
and appearance [2]. With the increasing aes-
thetic requirements of the patients in the oral 
cavity, maxillary anterior tooth defects require 
appropriate interventions to restore the dis-
tance from the base of the gingival sulcus to 

the alveolar ridge [3, 4]. The ideal anterior tooth 
appearance necessitates healthy and non-
inflammatory periodontal tissues. Periodontal 
tissue must be properly prepared prior to restor-
ative treatment to ensure good morphology, 
function, aesthetics, and patient comfort of the 
masticator [5]. As a standard treatment, the 
post and core procedure is performed after a 
root canal to salvage existing teeth that have 
lost a significant amount of the internal struc-
ture [6].

Crown lengthening [7] is a periodontal surgical 
procedure that restores biological width by 
bone resection and reduction of the alveolar 
height in patients with maxillary anterior tooth 
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defects. It can expose the root surface of stubs 
whose sections are subgingival or increase the 
length of clinical crowns, reducing the irritation 
of periodontal tissues and improving the resto-
ration of the affected tooth [8, 9]. The distance 
from the bottom of the gingival sulcus to the 
top of the alveolar ridge is normally constant, 
including the bonded epithelium and the con-
nective tissue attached to the root surface at 
the top of the alveolar ridge crown. The biologi-
cal width of the various components of peri-
odontal tissue (biological width) is an average 
size of 1.07 mm for connective tissue, 0.97 mm 
for epithelial attachment, and 0.69 mm for sul-
cus depth [10]. It is essential to remain within 
the biological width during crown lengthening, 
or the gingiva will be inflamed, hyperplastic, or 
edematous after the restoration, resulting in a 
recession of the alveolar ridge [11, 12]. It was 
found that the presence of caries or restora-
tions close to the alveolar ridge may lead to 
inflammation and bone loss due to violation of 
the biological width, suggesting that the resto-
ration margin is at least 3 mm from the coronal 
surface of the alveolar ridge, for which crown 
lengthening is available [13].

Crown lengthening facilitates the repositioning 
of the alveolar ridge at a sufficient apical dis-
tance to allow space for the reattachment of 
connective tissue. Combined with a post and 
core procedure, crown lengthening is consid-
ered to achieve higher clinical efficacy and bet-
ter aesthetic efficacy. However, current clinical 
studies question the necessity of crown length-
ening, arguing that the body will rebuild the 
invaded biological width over time. To this end, 
this study was conducted to evaluate the effi-
cacy of crown lengthening for the restoration of 
maxillary anterior tooth defects.

ment methods. 40 patients with 41 affected 
teeth in the reference group received the post 
and core procedure, and the other 40 patients 
with 46 affected teeth in the experimental 
group received crown lengthening on the basis 
of the reference group. The flowchart of the 
patients’ enrollment is shown in Figure 1.

Inclusion and exclusion criteria

Inclusion criteria: 1) Subjects with maxillary 
anterior tooth loss due to various reasons, con-
forming to the relevant diagnostic criteria of 
Combined Periodontology, regardless of gen-
der. 2) Subjects with tolerance to surgery and 
no relevant treatment contraindications. 3) 
Subjects with sufficient root length of the 
affected tooth. 4) Subjects with good oral 
hygiene before surgery.

Exclusion criteria: 1) Subjects with severe oral 
infection or other serious diseases. 2) Subjects 
with loose teeth. 3) Subjects with abnormal 
coagulation function and hematological system 
diseases.

Treatment method

Reference group: The reference group received 
a standard dental restoration procedure, the 
post and core procedure. The typical procedure 
was as follows. The root canal was dried, and a 
root canal with 1/2 the length of the root canal 
was prepared. Paraffin oil was applied to the 
inner wall of the root canal, and then the post 
and core and a suitable wax pattern were fa- 
bricated and secured. During fabrication and 
insertion of the restoration, special attention 
should be paid to the accuracy and tightness of 
the margins to reduce local plaque buildup and 
protect gingival health.

Figure 1. The flowchart of the patients enrollment.

Materials and methods

Participants

A total of 80 patients (87 
affected teeth in total) diag-
nosed with maxillary anterior 
tooth loss in Ganzhou Peo- 
ple’s Hospital between May 
2020 and August 2021 were 
retrospectively enrolled and 
divided into an experimental 
group or a reference group 
according to different treat-
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Experimental group: The experimental group 
received crown lengthening plus post and core 
procedure. Local infiltration anesthesia was 
performed on the side of the affected tooth 
using 4% Articaine. An internal oblique incision 
was made at the tooth defect, a full-thickness 
palatal mucosal periosteal flap was incised, 
and a separator was used to turn over the thick 
flap and fully expose the alveolar periosteum 
and the broken root of the tooth. The adhesions 
around the fractured root were scraped away 
and thoroughly rinsed, followed by hemostasis. 
The alveolar ridge was completely trimmed with 
a high-speed ball drill to allow a distance of 3 
mm from the cross-section of the root. The 
cross-section of the root was trimmed and 
excess gingival tissue was removed with an 
electric knife to maintain the proper shape, and 
then adequately rinsed and sutured. The com-
plete surgical wound was filled with a periodon-
tal plugging agent and oral antibiotics were 
used to prevent infection. 

8 weeks postoperatively, patients received the 
post and core procedure, which was identical to 
that used in the reference group. The crown 
margin was located on the tooth tissue approxi-
mately 2 mm below the edge of the post and 
core.

Outcome measures

Primary outcome: In this study, clinical efficacy 
was set as the primary outcome. The clinical 
efficacy of all patients was evaluated at 5 
months postoperatively. Markedly effective: 
The patient had healthy gums, comfortable 
chewing, tight and well-positioned gum and 
crown margins, and stable restorations. 
Effective: The patient had mild gingival inflam-
mation, mild chewing discomfort, slightly poor 
gingival margins and crowns, with grade I  
teeth loosening but not affecting appearance. 
Ineffective: The patient had obvious discomfort 
when chewing, the gingiva and crown did not  
fit together, gingivitis and periodontitis were 
obvious, with grade II tooth loosening. Efficiency 
= (markedly effective + effective)/total number 
of cases ×100%.

Secondary outcome: In this study, the second-
ary outcome included plaque index (PLI), gingi-
val index (GI), dental aesthetics, gingival index, 
tooth exposure and satisfaction. The influenc-
ing factors of efficacy were analysed.

PLI assessment: The tooth surface was gently 
scraped with a probe and scored according to 
the amount and thickness of plaque. 0 points: 
no plaque on the gingival margin; 1 point: gingi-
val margin tooth surface; 2 points: little plaque; 
3 points: a lot of soft scale in the gingival sulcus 
or gingival margin and adjacent surfaces. GI 
assessment: 0 points: normal gingiva; 1 point: 
inflammation, mild discoloration, mild edema 
and no bleeding on probing; 2 points: moderate 
inflammation, edema, redness and bleeding on 
probing; 3 points: marked inflammation, red-
ness and swelling of the gingiva, with ulceration 
and a tendency to spontaneous bleeding.

Dental aesthetics assessment: The Kay Dental 
Aesthetic Classification was used to evaluate 
the dental aesthetics of patients before and 
after treatment, which was classified into Class 
I-IV. Class I: complete tooth structure; Class II: 
slight changes in tooth structure; Class III: 2 or 
more changes in tooth structure; Class IV: 
malocclusion.

Gingival index: The gingival index (GI) of all 
patients before operation and 2, 6 and 3 
months after operation was recorded, with a 
score of 0 points for normal gingiva, 1 point  
for gingival inflammation, slight discoloration, 
slight edema, and no bleeding on probing, 2 
points for moderate inflammation, edema, red 
and exploratory bleeding of gingiva, and 3 
points for obvious inflammation at gingiva, 
which was prone to spontaneous bleeding.

Tooth exposure: The tooth defect exposure of 
all patients before and 2, 6, and 3 months after 
surgery was recorded, including the position of 
gingival margin (PGM) and gingival recession 
(GR).

Patient satisfaction: A self-created patient sat-
isfaction questionnaire of Ganzhou People’s 
Hospital was used, with a score of 100 points, 
divided into 4 levels, i.e., highly satisfied (80-
100), satisfied (60-79), less satisfied (30-59), 
and dissatisfied (0-29). The higher the score, 
the higher the patient satisfaction.

Influencing factors of efficacy: Clinical data of 
patients were collected, including postopera-
tive residual, depth of broken ends, height of 
bone removal, depth of crown margin, shape of 
broken end, plaque control, health habits and 
smoking status, and then multivariate Logistic 
regression analysis was performed to analyze 
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the risk factors affecting the repair effect of 
maxillary anterior tooth defects.

Statistical analysis

GraphPad Prism 8 was used for image process-
ing, and SPSS 26.0 software was used to sta-
tistically analyze the data. The measured data 
were expressed as (mean ± standard deviation) 
and tested by a t-test. The counted data were 
expressed as rate (%) and analyzed by chi-
square test. P<0.05 indicated that a difference 
was significant.

Results

Patient characteristics

In the experimental group, there were 40 pa- 
tients (46 affected teeth), including 22 males 
and 18 females, aged 18-70 (40.56 ± 13.56) 
years, with a BMI of 18-24 (21.56 ± 1.14) kg/
m2 and duration of disease of 1-180 (73.72 ± 
11.23) d. There were 11 cases of dental caries 
and 29 cases of trauma in terms of the cause 
of the defects. In the reference group, there 
were 40 patients (41 affected teeth), including 
25 males and 15 females, aged 18-70 (39.88 
± 13.12) years, with a BMI of 18-24 (21.71 ± 
1.08) kg/m2 and duration of disease of 1-180 
(72.98 ± 11.33) d. There were 13 cases of den-
tal caries and 27 cases of trauma in terms of 

There was no significant difference in the levels 
of gingival periodontal-related indices between 
the two groups of patients before surgery (P> 
0.05). After surgery, patients in the experimen-
tal group had a PD of 1.35 ± 0.18, PLI of 0.64 ± 
0.08, BI of 1.05 ± 0.21, and the patients in the 
reference group had a PD of 2.13 ± 0.30, PLI of 
1.51 ± 0.13, BI of 1.64 ± 0.33. Significantly 
lower PD, PLI, and BI levels were observed in 
the patients in the experimental group com-
pared to the reference group (P<0.05) (Figure 
2).

Dental aesthetics

There was no significant difference in the aes-
thetic class of teeth between the two groups of 
patients before surgery (P>0.05). After surgery, 
there were 15 cases of class I, 22 cases of 
class II, 3 cases of class III and 0 cases of class 
IV in the experimental group and 9 cases of 
class I, 12 cases of class II, 14 cases of class III 
and 5 cases of class IV in the reference group. 
Crown lengthening plus post and core proce-
dure resulted in more Kay class I and II patients 
and fewer Kay class III and IV versus the post 
and core procedure alone (P<0.05) (Table 3).

Gingival index

There was no significant difference in gingival 
index between the two groups before operation 

Table 1. Patient characteristics
Experimental Reference t/χ2 P

n 40 40
Affected teeth 46 41
Gender (Male/Female) 22/18 25/15 0.462 0.496

Age (
_
x  ± s, years) 40.56 ± 13.56 39.88 ± 13.12 0.228 0.820

BMI (kg/m2) 21.56 ± 1.14 21.71 ± 1.08 0.604 0.548
Disease duration (d) 73.72 ± 11.23 72.98 ± 11.33 0.293 0.770
Cause of defect 0.238 0.626
    Dental caries 11 13
    Trauma 29 27
BMI, body mass index.

Table 2. Clinical efficacy (%)
Affected 

teeth Excellent Good Difference Excellent 
rate

Experimental 46 21 23 2 95.65
Reference 41 13 19 9 78.05
χ2 6.082
P 0.014

the cause of the defects. The 
patient characteristics between 
the two groups were comparable 
(all P>0.05) (Table 1).

Clinical efficacy

Patients in the experimental 
group had 21 teeth with mark-
edly effective efficacy, 23 teeth 
with effective efficacy and 2 
teeth with ineffective efficacy, 
while patients in the reference 
group had 13 teeth with mark-
edly effective efficacy, 19 teeth 
with effective efficacy and 9 
teeth with ineffective efficacy. 
Crown lengthening plus post and 
core procedure was associated 
with a higher treatment efficacy 
versus post and core procedure 
alone (P<0.05) (Table 2).

Gingival periodontal-related 
indices
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(P>0.05). The GI of the patients in the experi-
mental group was (1.64 ± 0.51) at 2 weeks 

There was no significant difference in tooth 
exposure index between the two groups before 
operation (all P>0.05). At 2 weeks, 6 weeks, 3 
months after operation in the experimental 
group, the PGM was (0.99 ± 0.22), (1.23 ± 
0.13) and (1.44 ± 0.32), the GR was (0.72 ± 
0.25), (1.05 ± 0.31), and (1.19 ± 0.34), respec-
tively. At 2 weeks, 6 weeks, and 3 months after 
operation in the reference group, the PGM  
was (0.81 ± 0.25), (0.99 ± 0.18), and (1.08 ± 
0.32), and the GR was (0.64 ± 0.22), (0.87 ± 
0.28), and (1.01 ± 0.41). The PGM and GR lev-
els of patients in the experimental group were 
higher than those in the reference group after 
surgery (all P<0.05) (Figure 4).

Influencing factors of efficacy 

The results of multivariate Logistic regression 
analysis showed that there were no significant 
differences in postoperative residual, depth of 
broken end, height of bone removal, or depth of 
crown margin between the two groups (all 
P>0.05), while there were significant differenc-

Figure 2. Comparison of PD levels (A), PLI levels (B) and BI levels (C) between patients in experimental group and 
reference group. Note: * indicates P<0.05 in the comparison between the two groups.

Table 3. Kay dental aesthetics (%)
Experimental 

(n=40)
Reference 

(n=40) χ2 P

Preoperatively I 4 (10.00) 5 (12.50) 0.317 0.957
II 15 (37.50) 14 (35.00)
III 17 (42.50) 18 (45.00)
IV 4 (10.00) 3 (7.50)

Postoperatively I 15 (37.50) 9 (22.50) 16.56 <0.001
II 22 (55.00) 12 (30.00)
III 3 (7.50) 14 (35.00)
IV 0 (0.00) 5 (12.50)

Figure 3. Comparison of GI level at different time 
points between patients in experimental group and 
reference group. Note: * indicates P<0.05 in the 
comparison between the two groups.

after surgery, (1.13 ± 0.21) at 6 weeks 
after surgery, and (0.91 ± 0.12) at 3 
months after surgery. The GI in the refer-
ence group was (2.01 ± 0.44) at 2 weeks 
after surgery, (1.80 ± 0.35) at 6 weeks 
after surgery, and (1.52 ± 0.18) at 3 
months after surgery. The GI level of the 
patients in the experimental group after 
surgery was lower than that of the 
patients in the reference group (P<0.05) 
(Figure 3).

Tooth exposure
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es in the shape of broken end, plaque control, 
hygiene habits and smoking status (all P<0.05) 
(Figure 5 and Table 4).

Patient satisfaction

In the experimental group, 23 patients were 
highly satisfied, 26 patients were satisfied, 1 
patient was less satisfied, and 0 patients were 
dissatisfied, while 11 patients in the reference 
group were highly satisfied, 21 patients were 
satisfied, 5 patients were less satisfied, and 3 
patients were dissatisfied. Patients were more 
satisfied (97.50%) in the experimental group 
than in the reference group (80.00%) (P<0.05) 
(Table 5).

compromising the restorative and masticatory 
function of the tooth [15, 16]. Crown lengthen-
ing follows the biological width principle to 
reduce the height of the alveolar ridge and gin-
gival margin for restoration in patients with 
anterior tooth loss, with the coronal margin 
positioned without violating the biological wid- 
th. It is mainly used to expose the subgingival 
end of traumatically cracked teeth or stub 
roots, or to ameliorate the aesthetic appear-
ance of short crowns and gingival smiles. 
Clinical research has shown that the use of 
crown lengthening to expose the subgingival 
margin of the residual root better satisfies the 
requirements of restoration, gingival stability, 
and health [17].

Figure 4. Comparison of PGM levels (A) and GR levels (B) between patients in experimental group and reference 
group. Note: * indicates P<0.05 in the comparison between the two groups. Position of gingival margin (PGM) and 
gingival recession (GR).

Figure 5. Forest map of factors influencing curative effect.

Discussion

The maxillary anterior is an 
important aesthetic area of 
the oral cavity and has a sig-
nificant impact on the pa- 
tient’s appearance, mental 
health, and social life [14]. 
Maxillary anterior tooth loss  
is the destruction of tooth 
defects due to broken crowns, 
debris, and other diseases, 
with broken roots extending 
below the gingiva, seriously 
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The results of the present study showed that 
crown lengthening resulted in significantly high-
er treatment efficiency and lower PD, PLI, BI, 
and GI levels in patients versus the post and 
core procedure. PGM, and GR levels were high-
er than those in the reference group on aver-
age. PD is the distance from the gingival margin 
to the bottom of the pocket, reflecting the posi-
tion and shape of the periodontal pocket on the 
tooth surface. PLI reflects the thickness of 
plaque and is used to monitor oral hygiene con-
dition. BI reflects the bleeding condition. GI can 
monitor the condition of the gums, checking 
the color of the gums and reflecting bleeding. 
Intraoperative bone resection is the key to 
crown lengthening. Preoperative precise mea-
surement of alveolar bone height and accurate 
calculation of the root-to-crown ratio of the 
affected tooth are more conducive to providing 
residual bone to support the affected tooth, 
thereby effectively avoiding dental restoration 
loosening. Related studies found that the post 
and core procedure in conjunction with crown 
lengthening significantly improved the condi-
tion of periodontal tissues in affected teeth 
and that during the restoration of dental 
defects, the use of crown lengthening com-
bined with post and core procedure in patients 
with subgingival residual roots and crowns sig-
nificantly improved the status of periodontal 
tissues and enhanced the treatment outcome 
[18], which was in line with the results in the 
present study. This is because the post and 
core procedure requires the use of allogeneic 
substances that inevitably affect periodontal 
tissues during the restoration process, leading 
to changes in the microecology of periodontal 

tissues, causing gingival bleeding, gingivitis, 
periodontal pocket probing, and ultimately peri-
odontal restoration. Crown lengthening allows 
for effective intraoperative removal of the alve-
olar bone so that the alveolar ridge is parallel to 
the alveolar bone, or the alveolar bone is slight-
ly below the root defect surface, promoting 
mutual migration of the alveolar bone and alve-
olar bone to the residual surface of the root 
defect and exposing the subgingival margin. 
The residual root margin can obtain sufficient 
clinical crown length and normal biological 
width to facilitate the restoration to further 
obtain sufficient clamping force and create 
conditions for the fixation of the restoration 
while aiding soft tissue healing and reducing 
inflammation, which contributes more to the 
restoration of periodontal tissue and the ad- 
justment of periodontal index levels [19].

Furthermore, crown lengthening resulted in 
more Kay class I and II patients and fewer Kay 
class III and IV versus the post and core pro- 
cedure, and patients were more satisfied 
(97.50%) with crown lengthening than with the 
post and core procedure (80.00%), suggesting 
that crown lengthening produces excellent 
overall treatment results and a high level of sat-
isfaction for patients with maxillary anterior 
tooth defects. To achieve optimal treatment 
outcomes in the oral region, it is essential to 
allow wound healing to be completed after 
crown lengthening surgery, and any interrup-
tion in the wound healing may lead to adverse 
outcomes [20, 21]. Thus, the present study per-
formed the post and core procedure at 8 weeks 
postoperatively to allow for complete healing of 

Table 4. Logistic regression analysis of factors influencing curative effect
Factor β SE Wald OR 95% CI P
Broken end morphology 1.318 0.278 22.677 3.741 2.151 6.489 0.011
plaque control 2.285 0.428 17.123 4.653 2.668 8.456 0.021
hygiene habits 1.485 0.348 40.651 3.165 2.354 6.478 0.019
smoking 0.958 0.268 19.832 2.141 1.189 3.894 0.025

Table 5. Patient satisfaction (%)
Patient satisfaction n Highly satisfied Satisfied Dissatisfied Satisfaction rate
Experimental 40 23 26 1 97.5%
Reference 40 11 21 8 80%
χ2 6.132
P 0.013
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the wound before the final crown preparation 
and insertion, and the results demonstrated a 
favorable treatment efficiency.

In addition, logistic regression analysis was 
conducted on the factors affecting the thera-
peutic effect, and the results showed that there 
were no statistically significant differences in 
postoperative residual, depth of broken end, 
height of bone removal and depth of crown 
edge between the two groups (P>0.05), while 
there were statistically significant differences 
in the shape of broken end, plaque control, 
hygiene habits and smoking status (P<0.05). 
Analysis showed that patients with a step-
shaped broken end had more tooth tissue 
removal, and it was difficult to obtain good cor-
onal displacement through root surface mo- 
dification, which would easily affect the repair 
effect of patients. Patients with poor plaque 
control suffer from a higher degree of oral 
inflammation and poor oral health, which com-
promises the surgical efficacy and repair effect. 
Patients with bad oral hygiene habits have poor 
oral health cognition, leading to poor oral 
hygiene, which predisposes to a higher risk of 
oral bacterial breeding, aggravates the condi-
tion of patients, and compromises the repair 
effect. Smoking can significantly increase the 
contents of albumin, aspartate aminotransfer-
ase, and lactoferrin in the saliva of patients, 
which can easily affect the immune response 
of patients, foster the breeding of bacteria in 
the oral cavity of patients, affect the surgical 
effect, and lead to poor repair effects in 
patients.

It is worth mentioning that all surgical opera-
tions and examinations in this study were per-
formed by the same two senior clinicians, but 
this may lead to risks of bias. In addition, due to 
the limitations of this study such as the small 
sample size, the results of this study should be 
further evaluated in future investigations.

Conclusion

Crown lengthening improves the periodontal 
condition of patients with maxillary anterior 
tooth loss, reduces gingival sulcus bleeding, 
and improves dental aesthetics and pa- 
tient satisfaction. Further clinical studies are 
required prior to clinical promotion.
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