
Address for correspondence
Farnoush Fotovat
E-mail: ffotovat96@gmail.com

Funding sources
None declared

Conflict of interest
None declared

Acknowledgements
This investigation was approved and financially supported by 
the Vice-Chancellor for Research and Technology of Hamadan 
University of Medical Sciences, Iran.

Received on February 1, 2019
Reviewed on May 30, 2019
Accepted on July 15, 2019

Published online on November 26, 2019

Abstract
Background. Dental implantation has become widespread for esthetic and functional rehabilitation follow-
ing single tooth loss as a preferred alternative to conventional tooth-supported restorations. The main advan-
tage of dental implant placement is that it does not require the preparation of the adjacent sound teeth.

Objectives. The aim of this cohort study was to assess the effect of dental implantation on the hard and 
soft tissues around the adjacent natural teeth.

Material and methods. In this historical cohort, 34 ‘connect-type’ TBR® implants (bone level), 4 mm 
in diameter, were submerged in the intact bone of 22 patients (7 males and 15 females). The intraoral and 
extraoral clinical examination as well as periapical radiography were carried out preoperatively or right after 
surgery (baseline), at 3 months postoperatively (the time of prosthetic delivery), and at 3 and 6 months  
after prosthetic delivery. The data was analyzed using the Friedman test (due to the non-normal distribution  
of the data). In case of presence of a significant difference, pairwise comparisons were performed using the 
post-hoc Wilcoxon test with the Bonferroni correction. All statistical analyses were performed with a 95% 
confidence interval (CI) using the SPSS for Windows, v. 16.0 software. The p‑value <0.05 was considered 
statistically significant.

Results. The distance from the cementoenamel junction (CEJ) of the adjacent teeth to the bone crest signifi-
cantly increased at different postoperative time points compared to baseline (p < 0.001). The changes in the 
papillae of the adjacent teeth were also significant at different postoperative time points (p = 0.04). The pocket 
depth of the adjacent teeth increased, although the value at 3 months postoperatively was not significantly 
different from the baseline value (p = 0.842). The distance from the implant shoulder to the bone crest of the 
adjacent teeth significantly increased at different postoperative time points compared to baseline (p < 0.001).

Conclusions. Our results indicate that implant surgery significantly affects the soft and hard tissues 
around the adjacent natural teeth.
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Introduction 
Dental treatment is applied with the aim of  restoring 

oral and dental function, comfort, esthetics, speech, and 
tissue health.1 The use of dental implants is increasing be-
cause of  the growth of  the elderly population and tooth 
loss due to aging, the failure of conventional fixed partial 
dentures, the poor performance of  removable dentures, 
the psychological consequences of  tooth loss, and the 
predictable long-term results of implant-supported resto-
rations.1,2 Thus, dental implantation has become a com-
mon alternative to tooth-supported restorations to regain 
esthetics and function after single tooth loss. The main 
advantage of dental implant placement is that it does not 
require the preparation of the adjacent sound teeth.3

Oral rehabilitation by dental implant placement in the 
esthetic zone is among the most complex treatment pro-
cedures, with the aim of creating optimal esthetics. With 
regard to the soft tissue contour, it is imperative to achieve 
a uniform gingival margin with no significant change in 
gingival height.4 The presence of an adequate papilla and 
a convex contour over the alveolar crest are also impor-
tant. The incision line, the flap design and the suturing 
technique are important surgical factors influencing the 
final results. The results should be predictable and stable. 
They depend on the interaction of  several variables, in-
cluding biological factors (the anatomy of the region and  
the host response), surgical factors (the three-dimensional  
(3D) implant position), implant-related factors (the im-
plant surface and design), and prosthetic factors.5,6 The 
interdental area is composed of the contact area, the in-
terproximal embrasure and the interproximal dentogin-
gival complex. This area is the primary site for the de-
velopment of periodontitis and carious lesions, since it is 
prone to microbial plaque accumulation. The loss of the 
interproximal papilla can cause functional problems in 
the anterior maxilla, and lead to serious phonetic and es-
thetic problems.6,7

The level of papillae around the single-tooth implants in 
the anterior maxilla is mainly affected by the level of the 
interproximal bone crest around the adjacent teeth. On 
the other hand, the level of the facial gingival margin is af-
fected by a number of factors, including the peri-implant 
gingival biotype, the facial bone level, implant fixture an-
gulation, and the level of  the interproximal bone crest.7 
Moreover, evidence shows that the level of the bone crest 
affects the soft tissue height.8 Several classifications have 
been suggested to assess and quantify the loss or regene-
ration of  the interdental or interimplant papilla. Jemt’s 
classification is a commonly used index for the assessment 
of mesial and distal papillae.9 According to this classifica-
tion, a  score of  0 indicates the absence of  a  papilla and 
the soft tissue contour around the implant restoration. 
A score of 1 indicates the presence of less than half of the 
papillary height and a concave soft tissue contour between 
the single-tooth implant crown and the adjacent teeth.  

A  score of  2 represents the presence of  half or more 
of the papillary height; however, the papilla is not located 
above the interdental contact area at any point. A score  
of 3 indicates that the papilla fills the entire interproximal 
space and is in good harmony with the adjacent papillae; 
an ideal soft tissue contour is also present. A score of 4 in-
dicates the presence of a hyperplastic papilla which covers 
a large portion of the single-tooth implant restoration or 
the adjacent teeth; the soft tissue contour is more or less 
irregular.9

It is believed that soft and hard tissue changes around 
implant-supported fixed partial dentures occur in the first 
6  months after 1-stage implant placement, and the pat-
tern of  tissue alterations is different between the tooth 
and the implant on the one hand and between 2 adjacent 
implants on the other.10 The magnitude of proximal bone 
loss between 2 adjacent implants is on average 0.6 mm at 
6 months, whereas this value is less than 0.1 mm between 
the implant and the adjacent tooth. Evidence shows that 
further changes are not often observed in the period from 
6 months to 3 years.

The aim of this study was to assess the effect of dental 
implantation on the hard and soft tissues around the ad-
jacent natural teeth.

Materials and methods
The study design was approved by the Research and 

Ethics Committee of Hamadan University of Medical Sci-
ences, Iran (IR.UMSHA.REC.1395.324). In this historical 
cohort, 34 implants were placed in 22 patients (7 males 
and 15 females) who had an edentulous region adjacent to 
the natural teeth. Written informed consent was obtained 
from the patients who were willing to participate in the 
study. Data forms were filled out by the patients and the 
clinical examination was carried out. The diagnostic ra-
diographic examination included periapical radiography 
and cone-beam computed tomography (CBCT). The pa-
tients were followed up for 9 months following implant 
placement.

The exclusion criteria comprised the presence of  all 
teeth, a restoration covering the cementoenamel junction 
(CEJ) of the teeth adjacent to the edentulous area, smok-
ing, alcohol consumption, substance abuse, immuno-
compromised patients, patients with active periodontitis, 
those requiring guided bone regeneration, uncontrolled 
active systemic diseases, diabetes mellitus, hypertension, 
uncontrolled cardiac disease, radiotherapy, chemothe-
rapy, the intake of immunosuppressive medications, and 
long-term steroid therapy.

In this study, 34 ‘connect-type’ TBR® implants (bone 
level) (TBR Dental Group, Toulouse, France), 4  mm in 
diameter, were used. The implants were completely sub-
merged in the intact bone. After ensuring the presence 
of the sufficient width of the keratinized gingiva, a crestal 
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incision was made with a  surgical scalpel size  15 (KLS 
Martin GmbH + Co. KG, Freiburg im Breisgau, Germa-
ny). A full-thickness flap was elevated so that the papilla 
of  the adjacent tooth could also be reflected. No crestal 
ostectomy was performed on the patients, and the prepa-
ration of the implant site for fixture installation was car-
ried out according to the manufacturer’s instructions. 
We used figure-8 sutures (silk 4-0; Supa Medical Devices 
Co., Tehran, Iran). One week after surgery, the sutures 
were removed. The patients received 500 mg amoxicil-
lin (Farabi Pharmaceutical Company, Isfahan, Iran) thrice 
daily (TID), 600 mg ibuprofen (Zahravi Pharmaceutical 
Co., Tehran, Iran) TID and 0.2% chlorhexidine mouth-
wash (Behsa Pharma Co., Arak, Iran) twice daily (BID) for 
1 week postoperatively.11 The prosthetic restoration was 
delivered 3  months postoperatively. The digital periapi-
cal radiographs of the implant and of the adjacent teeth 
were obtained in all patients before surgery or right af-
ter surgery (baseline), and also at 3 months (at the time 
of prosthetic delivery), 6 months and 9 months postoper-
atively (Fig. 1). All radiographs were obtained by the same 
X-ray unit in order to standardize the exposure settings 
and projections. Variables in this study included the pre-
sence of papillae around the natural teeth adjacent to the 
implant according to Jemt’s classification, and the pocket 
depth at the proximal, buccal and palatal/lingual surface 
of  the adjacent teeth measured with a  Williams probe 
(Hu-Friedy Mfg. Co., LLC, Chicago, USA). The maximum 

value was recorded in millimeters, and eventually the dis-
tance from the implant shoulder to the bone crest as well 
as the distance from the bone crest to the CEJ of the adja-
cent teeth were measured using a digital caliper.

The data was analyzed using SPSS for Windows, v. 16 
(SPSS Inc., Chicago, USA). Since the data was not nor-
mally distributed, the Friedman test was used to compare 
the changes in the respective variables. In case of a sig-
nificant difference, pairwise comparisons were carried 
out using the post-hoc Wilcoxon test. The generalized es-
timating equation model was used to analyze Jemt’s clas-
sification at different time points. The Bonferroni adjust-
ment was also applied. All of the analyses were performed 
with a confidence interval (CI) of 95%. The p-values <0.05 
were considered statistically significant.

Results
Of the patients, 31.82% were males and 68.18% were 

females. The mean age of  the patients was 39.23  years. 
The frequency distribution of  implants in terms of  po-
sition was as follows: 58.8% in the maxilla; 41.2% in the 
mandible; 32.35% in the anterior region; and 67.65% in the 
posterior region of the jaws.

As shown in Table 1, the distance from the CEJ of the 
adjacent teeth to the bone crest at different time points 
significantly increased compared to baseline (p < 0.001). 
The pairwise comparisons of  the distance from CEJ to 
the bone crest at different time points revealed that the 
increase in this distance was statistically significant at 
6  months postoperatively compared to 3  months and 
at 9  months postoperatively compared to 3  months 
(p < 0.001). However, the increase at 9 months postopera-
tively compared to 6 months was not statistically signifi-
cant (p = 0.583) (Table 2).

As shown in Tables 1 and 2, the changes in the pocket 
depth of  the adjacent teeth showed an ascending trend 
starting at 3  months postoperatively (p  <  0.001). The 
pocket depth at 3  months postoperatively decreased 
compared to baseline, but the change was not significant 
(p = 0.842). The distance from the implant shoulder to the 
bone crest around the implant significantly increased at 
different time points postoperatively compared to base-
line (p < 0.001). The pairwise comparisons of this parame-
ter at different time points revealed a significantly ascend-
ing trend (p < 0.001) (Tables 1,2).Fig. 1. Standard periapical radiographs at different time points  

(baseline, and 3, 6 and 9 months postoperatively)

Table 1. Mean changes in the level of the cementoenamel junction (CEJ), pocket depth and shoulder-to-crest distance at different postoperative time points 
compared to the baseline values (the Friedman test)

Variables Baseline 3 months 6 months 9 months p-value

CEJ [mm] 3.05 ±0.77 3.15 ±0.73 3.32 ±0.74 3.32 ±0.73 <0.001

Pocket depth [mm] 3.83 ±0.90 3.81 ±0.91 4.31 ±0.81 4.69 ±0.76 <0.001

Shoulder-to-crest distance [mm] 0.24 ±0.13 0.47 ±0.14 0.64 ±0.18 0.74 ±0.19 <0.001

Data presented as mean ± standard deviation (SD).
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peri-implant bone margin and a high survival rate. How-
ever, in the case of implant-supported restorations in the 
anterior region, the success of the treatment depends on 
the esthetic results as well.12 The expectations of optimal 
esthetic results create a challenge for implant treatment 
in the anterior maxilla, especially in patients with scal-
loped margins. On the other hand, coronal reconstruc-
tion should be performed with regard to the crowns of the 
adjacent natural teeth.4 Evidence shows that the soft tis-
sue margin around the natural teeth is determined by 
the attachment of  the connective tissue to the root, the 
bone height, the alveolar bone support, and the soft tissue 
thickness. However, it seems that soft tissue appearance 
in the proximal regions around the single-tooth implants 
is influenced by the periodontal support of  the adjacent 
natural teeth.3 The esthetic outcome of implant treatment 
is not merely related to the crown shape; the topography 
and appearance of the surrounding soft tissues also affect 
the esthetic results.13 Chang et al. observed that the soft 
tissue margin at the proximal and facial aspects of the im-
plant was positioned much more apically than the gingival 
margin at similar sites in the adjacent teeth.3 Such differ-
ences may manifest themselves immediately after crown 
delivery due to the loss of the bone height following tooth 
extraction. However, soft tissue marginal recession may 
also occur following crown placement.14–16 Moreover, 
Jemt et al. showed that the gingival margins of the natural 
teeth around the single-tooth implants were at a higher 
risk of gingival recession in the long term compared to the 
untreated natural teeth.17

In the present study, we made efforts to standardize the 
status of  the patients. As mentioned earlier, the patients 
had no systemic diseases and were generally healthy, did 
not have active periodontitis, and did not require guided 
bone regeneration. They were non-smokers and had no 
parafunctional habits. Also, they had good oral hygiene, did 
not use any immunosuppressive medications, were not al-
coholics, and did not report substance abuse. Furthermore, 
they had at least 1 edentulous region with the adjacent 
natural teeth which did not have restorations covering CEJ. 
All  implants were placed by the same expert surgeon.18 
A total of 22 patients participated in the study and received 
34 ‘connect-type’ TBR implants (bone level), 4 mm in dia-
meter, which were totally submerged in the intact bone.

As shown in Table 3, the frequency of Jemt’s classifica-
tion score 0 in the adjacent teeth decreased postopera-
tively compared to baseline. The frequency of score 1 at 
3 months postoperatively was the same as at baseline, but 
it decreased at 6  months postoperatively and increased 
at 9  months postoperatively compared to baseline. The 
frequency of  score 2 in the adjacent teeth increased at 
3  months postoperatively (the time of  prosthetic deli-
very) compared to baseline, and then remained constant 
(Table 3). The change in the presence of papillae around 
the adjacent teeth was statistically significant at different 
postoperative time points (p = 0.04) (Table 4).

In general, according to Jemt’s classification for the adja-
cent teeth, the presence of papillae increased at 3 months 
postoperatively (the time of prosthetic delivery; 85.3%), at 
6 months postoperatively (79.4%) and at 9 months post-
operatively (88.2%) compared to baseline (76.5%).

Discussion
Commonly used implant success criteria mainly focus 

on the functional and technical aspects of dental implants, 
including successful osseointegration, achieving a  stable 

Table 4. Comparison of the frequency of Jemt’s classification scores at 
different time points

Time points p-value

Baseline–3 months–6 months–9 months 0.040**

Baseline–3 months 0.085*

Baseline–6 months 0.338*

Baseline–9 months 0.036*

3 months–6 months 0.634*

3 months–9 months 0.798*

6 months–9 months 0.173*

* α = 0.008; ** α = 0.05 (Bonferroni adjustment). 

Table 2. Pairwise comparisons of the mean differences for the variables studied at different time points

Time
CEJ Pocket depth Shoulder-to-crest distance

mean difference ±SE p-value mean difference ±SE p-value mean difference ±SE p-value

3 months–baseline 0.103 ±0.33 <0.006 −0.021 ±0.890 <0.842 0.228 ±0.024 <0.001

6 months–baseline 0.273 ±0.36 <0.001 0.479 ±0.107 <0.001 0.397 ±0.035 <0.001

9 months–baseline 0.276 ±0.43 <0.001 0.853 ±0.109 <0.001 0.499 ±0.036 <0.001

6 months–3 months 0.171 ±0.34 <0.001 0.500 ±0.088 <0.001 0.169 ±0.028 <0.001

9 months–3 months 0.174 ±0.35 <0.001 0.874 ±0.103 <0.001 0.270 ±0.027 <0.001

9 months–6 months 0.003 ±0.35 <0.583 0.374 ±0.104 <0.002 0.101 ±0.025 <0.001

CEJ – cementoenamel junction; SE – standard error; Bonferroni adjustment α = 0.008.

Table 3. Frequency of Jemt’s classification scores at baseline, and at 3, 6 
and 9 months postoperatively

Jemt’s index Baseline 3 months 6 months 9 months

0 8 (23.5) 5 (14.7) 7 (20.6) 4 (11.8)

1 24 (70.6) 24 (70.6) 22 (64.7) 25 (73.5)

2 2 (5.9) 5 (14.7) 5 (14.7) 5 (14.7)

Data presented as number (percentage). 



Dent Med Probl. 2019;56(4):331–336 335

The distance from the CEJ of  the tooth mesial to the 
implant to the bone crest increased by 0.103  mm at 
3 months postoperatively, by 0.273 mm at 6 months post-
operatively and by 0.276 mm at 9 months postoperatively 
compared to baseline. The distance from CEJ to the bone 
crest had an ascending trend up to 6 months postopera-
tively, which was probably due to the effects of flap eleva-
tion and the retraction of the periosteum.1 Our findings in 
this respect are consistent with those of Meijndert et al.,  
who observed that the bone loss of the teeth around the 
implants was small but statistically significant for up to 
1 month after treatment.19 Block et al., however, evalu-
ated 76 patients and divided them into 2 groups.18 The 
patients in group 1 had lost 1 maxillary tooth (premolar, 
canine, lateral incisor, or central incisor) and underwent 
immediate socket preservation by bone grafting followed 
by implant placement, and received a temporary restora-
tion for 4 months. Group 2 underwent immediate implant 
placement and received a temporary restoration. The pa-
tients were examined at baseline, and at 6, 12, 18, and 
24 months. The researchers concluded that the bone level 
around the teeth adjacent to the implant did not change 
over time and found no significant differences in the bone 
level between the 2 groups.18 Immediate implant place-
ment had no significant effect on the level of bone around 
the adjacent teeth and delayed implant placement had 
similar effects to immediate implant placement.20 The dif-
ference between our study and that of Block et al. may be 
due to the different treatment protocols employed and the 
scheduled follow-ups. As shown in previous studies, the 
maximum changes occur in the first 6 months following 
treatment (1st phase).8 In other words, osseointegration 
and the adaptation of the marginal soft tissue occur sepa-
rately in 2-stage implant placement, whereas these steps 
occur simultaneously in the first 3–6  months following 
1-stage implant placement.21 The current results revealed 
that the frequency of score 0 decreased in the teeth adja-
cent to the implants over time compared to baseline. The 
frequency of  score 1 remained constant until 3  months 
after surgery, but decreased at 6 months and increased at 
9 months postoperatively compared to baseline. The fre-
quency of score 2 in the teeth adjacent to the implants in-
creased at 3 months compared to baseline and remained 
constant thereafter. Our results are in agreement with 
the findings of  previous studies. Chang et al. evaluated  
20 patients and observed a statistically significant increase 
in the papillary index in both the mesial and distal areas 
over time.3 Scores 0–1 were obtained at the time of plac-
ing a crown in 12 out of 26 areas (46%), whereas in the fol-
low-up examination, only 2 areas (8%) were scored 0–1.  
Moreover, only 1 interdental area was completely filled 
by the papilla at the time of crown placement (score 3), 
whereas this value increased to 11 regions (42%) during the 
follow-up sessions. Cosyn and De Rouck found a signifi-
cant difference in the mesial papillary height between the 
implant and its adjacent natural teeth.22 Shorter papillae  

(0.4  mm on average) were observed at the implant site  
and the distal papillae were on average 1 mm shorter at 
the implant site compared to the adjacent teeth.22 The re-
sults of those studies are in agreement with ours in terms 
of  increases in the papillary index. However, the studies 
differ regarding the shorter height of the papillae distal to 
the implants compared to the mesial papillae. This con-
troversy can be attributed to the difference in the sites 
studied, the teeth replaced with dental implants and the 
type of surgical procedure. As in our study, Palmer et al. 
and Lee et al. found no significant difference in the preva-
lence of complete papillae in the mesial and distal areas, 
which may be due to the anatomical differences in the 
embrasure space.21,23 Moreover, the distal contact point 
is usually located more apically than the mesial contact 
point, by 1.5 mm on average; this anatomical difference 
can affect the shape of papillae.21

Our findings revealed that the pocket depth of the teeth 
mesial to the dental implants did not change for 3 months 
postoperatively, but later showed a  significant increase, 
which may be due to the tissue reaction to the prosthetic 
restoration, the patient’s oral hygiene status or similar is-
sues.24 Avivi-Arber and Zarb evaluated 41  patients who 
were followed up for 1–8 years.25 Examinations performed 
1 year after implant loading revealed that the mean annual 
bone loss was 0.03 mm in the mesial region and 0.11 mm 
in the distal region for all implants.25 That study also 
showed an ascending trend in bone loss postoperatively; 
however, the magnitude of bone loss was smaller than the 
value reported in our study. This difference may be due 
to the type of surgical procedure (which was 2-step in the 
study by Avivi-Arber and Zarb), the time of assessment, 
the location of  the implant, and the implant design.25 
Kourkouta et al. indicated that crestal bone loss increased 
following implant loading, but in our study, this value was 
smaller.24 The comparison of their results with ours is dif-
ficult, since the treatment sites and the assessment time 
points were different in the 2 studies. Moreover, bone loss 
between the implant and the tooth (due to the presence 
of the natural tooth) was smaller than that between 2 ad-
jacent implants.24 On the other hand, our results were dif-
ferent from those of Grunder, who evaluated 10 patients 
that received single-tooth implants in the anterior maxilla 
and did not have periodontal disease.26 Their results indi-
cated that no areas around the natural teeth adjacent to 
the implants had a probing depth >4 mm before or within 
1 year after treatment. Comparing their results with ours, 
there are differences in the methodology and the implant 
sites. In the present study, the distance from the implant 
shoulder to the first bone-implant contact at the mesial 
and distal surfaces was measured on radiographs using 
a digital caliper. The results showed that the distance from 
the implant shoulder to the bone crest around the implant 
significantly increased at different time points postopera-
tively compared to baseline. Similarly, some studies have 
demonstrated that when the implant shoulder is placed 
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subcrestally, greater bone loss occurs around the implant 
neck compared to the situation where the implant is 
placed at the level of the alveolar crest.27

We should mention that the small size of  the study 
group is a limitation of our study. The results should be 
re-evaluated in a study with a larger sample size.

Conclusions
The results of our study indicate that implant surgery 

significantly affects the soft and hard tissues around the 
adjacent natural teeth.
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