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INTRODUCTION 

The key to successful immediate implant 
placement (IIP) is evaluating the prospects of the 
surrounding soft tissues and the primary alveolar 
crest gingival thickness has a significant impact 

on the stability of the marginal bone around dental 
implants.  During the 1st year of function, crestal 
bone loss of up to 1.45mm will occur if the tissue 
thickness was ≤ 2.5mm, regardless of a supracrestal 
location of the implant–abutment interface (1).  
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ABSTRACT
Objective: To assess cone-beam computerized tomography (CBCT) accuracy in measuring the 

facial soft tissue thickness around immediate implants before and after connective tissue grafting.

Methods: 20 patients received immediate implants and connective tissue grafts in the esthetic 
zone. Facial soft tissue thickness was evaluated at 2mm, 4mm and 6mm from free gingival margin 
by bone sounding using endodontic file with silicone stopper and digital caliper and by CBCT after 
putting lip retractor.

Results: Paired t test showed a significant difference between base line and 6 months follow up 
readings in both methods.  No significant difference was reported between both methods. On the 
other hand, Pearson correlation coefficient showed an inverse correlation between both methods.

Conclusion: CBCT provided noninvasive, accurate and reliable data for measuring the facial 
soft tissue thickness and can be used for the analysis and planning of immediate implants placement 
in the esthetic zone.

Clinical significance: Using CBCT in soft tissue assessment at the time of implant/bone 
evaluation can aid in saving the clinician and patient time and prevents the painful invasive bone 
sounding process.
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Since labial/buccal gingival recession is frequent 
following immediate tooth replacement (2,3), implant 
placement with simultaneous soft tissue grafting 
may possibly minimize the facial gingival recession. 
Autogenic soft tissue grafts are used broadly to boost 
tissue volume and width of keratinized gingiva, 
in addition to enhancing the aesthetic outcomes 
(4). In addition, studies have reported that mucosal 
recession was less significant when associated with 
a thick mucosa, compared to a thin mucosa (5).

The use of the connective tissue graft (CTG) was 
suggested to partly preserve hard tissues and thick-
ens the peri-implant mucosa leading to improvement 
of the esthetic outcomes (6). Moreover, applying 
CTG has been anticipated to compensate for ridge 
resorption following tooth extraction and IIP (7) and 
therefore improving the esthetic outcomes (8-10).

Bucco-palatal soft tissue thickness is considered 
a key aspect of the gingival biotype, and a vital 
factor in determining the long term stability of 
the soft tissue that can significantly affect the final 
esthetic outcome of the implant therapy (11).

Knowing the soft tissue thickness is imperative 
especially in cases of thin tissue biotype that is 
considered as a major hazard for progressive mid-
buccal recession in IIP (12,13), Therefore multiple 
methods for soft tissue thickness measurements 
have been suggested and classified into invasive 
and noninvasive (14). The invasive methods comprise 
histological sections(15) and direct bone sounding 
(DBS) via an endodontic reamer, a periodontal 
probe, or an injection needle following local 
anesthesia(16-19). Noninvasive methods such as 
ultrasound devices(20-22) and cone-beam computed 
tomography (CBCT)(23-25) have been developed for 
measuring soft tissue thickness.

Though CBCT was primarily used for imaging 
hard maxillofacial tissues, in the past years it was 
utilized to examine facial soft tissues and was proved 
to be a noninvasive and a precise technique for soft 
maxillofacial tissue imaging (26-29). However, the 
major drawback of CBCT soft tissue measurements 
is the presence of neighboring soft tissues that 

interfere with gingival tissue imaging. Aiming to 
overcome this disadvantage, wooden spatulas or 
acrylic lip retractors may be used to retract lip and 
cheek tissues to allow and improve the visibility of 
gingival soft tissues during CBCT imaging (30-33).

Despite that multiple studies were conducted to 
evaluate and measure the oral soft tissue thickness 
using CBCT (28,29, 34-38), only few studies assessed 
the accuracy of CBCT in measuring the soft tissue 
thickness (26,39) and none of them was applied on 
IIP cases with soft tissue grafting in the esthetic 
zone. Hence, this retrospective study was aimed 
to estimate and assess the accuracy of CBCT 
compared to direct bone sounding in measuring the 
facial soft tissue thickness pre and post IIP and CTG 
placement. 

MATERIAL AND METHODS

This retrospective research was performed on 
20 patients who had received immediate implants 
in the faculty of oral and dental medicine, Future 
University in Egypt, between June 2015 and 
December 2019.

The inclusion criteria were immediately 
inserted implants in the maxillary esthetic zone 
that were placed in EDS-1 extraction sockets, 
flapless procedure, patients who didn’t experience 
periodontal disease or gingival recession two teeth 
to right and left of the implant, and a pre and 6 
months post-treatment CBCT of the maxilla.

Exclusion criteria included patients on 
medications that could cause gingival hyperplasia, 
patients with bleeding disorders or on anticoagulant 
therapy, history of head and neck radiation therapy, 
patients with parafunctional habits such as bruxism 
or clenching, in addition to smokers and alcoholics. 
This study was permitted by the Ethical Committee 
of Faculty of Oral and dental medicine, Future 
University in Egypt (FUE.REC (16)/4-2023).

Surgical procedures:

•	 After administration of local anesthesia, the 
teeth were extracted atraumatically using 
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periotomes and forceps. Careful curettage and 
alveolar cleaning were followed to remove any 
trace of infected or granulated tissue together 
with remains of the periodontal ligament. The 
sockets were then irrigated with saline for 30 
seconds and the integrity of the socket walls 
was verified by a periodontal probe.

•	 The CTG was obtained by using the single-
incision palatal harvest technique (40) where; 
Following administration of local anesthesia, 
A single incision was made to the bone in a 
horizontal direction nearly 2 to 3 mm apical 
to the palatal gingival margin of the maxillary 
teeth. The incision length was set based on the 
extents of the required graft. A partial-thickness 
separation was then completed within the single 
incision, leaving an adequate thickness of 
intact palatal flap to diminish the chance of the 
overlying tissue sloughing. The dissection was 
made apically as far as required to acquire the 
desired extents then cautiously elevated from 
the palate using a small Molt or Buser elevator. 
Primary closure was attained by means of 5.0 
chromic gut suture.

•	 Healing abutments were screwed following 
implant placement, and a full-thickness envelope 
flap was created between the gingiva and the 
facial bone plate. The connective tissue grafts 
were introduced into the prepared envelope and 
secured with5.0 chromic gut suture.

Post –Surgical Instructions

Patients were instructed to use antibiotics 
(Augmentin 1 gram, b.i.d for 5 days) and analgesics 
(Ibuprofen) tablets to avoid the possibility of 
postsurgical pain and infection. Participants were 
advised to rinse with 0.1% chlorohexidine gluconate 
solution (b.i.d) and to avoid brushing the area of 
the surgery and to keep on soft diet for 2 weeks 
following the surgery.  

Prosthetic phase :

Following a healing period of   3 months, a 
screw-retained transfer coping was connected to 
the implant and impressions were taken.The final 
restorations were then checked for shade matching, 
marginal fitness and occlusion then cemented using 
calcium hydroxide cement.

Clinical evaluation:

Direct bone sounding (DBS) used for measuring 
the facial soft tissue thickness (STT) using an 
endodontic file with stopper, which was placed 
horizontally, perpendicular to the long axis of the 
tooth to be extracted, at 2, 4 and 6 mm from the free 
gingival margin (FGM). After 6 months the same 
procedure was done to measure the facial STT at the 
same measurement points perpendicular to the long 
axis of the inserted dental implant. A digital caliper 
with fine pointed jaws was utilized to measure the 
distance from the endodontic file tip to the stopper 
(Figure 1).

Fig. (1) (a) measuring soft tissue thickness via bone sounding using endodontic file with silicone stopper. (b) Digital caliper was 
used to accurately read the measurements.
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CBCT imaging and analysis:

CBCT images of the 20 participants were 
attained via VATECH PAX I 3D green CBCT unit 
(Vatech, south korea). Exposure was achieved at 90 
kVp, 8 mA, and a 0.3 mm voxel size using 80×80 
mm limited FOV for 18 s as recommended by the 
manufacturer. Lip retractor (Angle Wider, Swedish 
Dental Supplies AB, AKARP, Sweden) was used 
for soft tissue imaging. For each surgical site the 
gingival thickness was measured perpendicular 
to the alveolar process at 2 mm, 4mm and 6 mm 
from the FGM, following 6 months of IIP, facial 
STT measurements were accomplished at the same 

three different points from the free mucosal margin 
(FMM) (Figure 2). 

Statistical analyses:

Statistical analyses were achieved using 
Statistical Package for Social Sciences (IBM SPSS 
Statistics version 26). Numerical variables were 
stated by mean, standard deviation (SD) and range, 
via the independent t-test, paired t-test, and Pearson 
correlation (r).  Significant difference of P value 
<0.05 was expressed as (*) while highly significant 
difference of P-value <0.001 was expressed as (**).

Fig. (2) (a) Pre-surgical measurement of the facial gingival thickness at 2 mm from the FGM (1.30mm), (b) Pre-surgical 
measurement of the facial gingival thickness at 4 mm from the FGM (1.59mm), (c) Pre-surgical measurement of the facial 
gingival thickness at 6 mm from the FGM (0.89mm), (d) Post-surgical measurement of the facial STT at 2 mm from the 
FMM(1.68mm), (e) Post-surgical measurement of the facial STT at 4 mm from the FMM (1.49mm), (f) Post-surgical 
measurement of the facial STT at 6 mm from the FMM (1.83mm)
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RESULTS

Mean age was 36.5±10.94 (minimum 20 
and maximum 53) for female participants and 
41.9±10.4 (minimum 23 and maximum 56) for 
male participants. Descriptive statistics for facial 
STT measurements attained from different points 
using both methods were presented as “Mean 
±SD”. Pre surgical clinical measurements of 
gingival thickness ranged between 1.06 and 1.89 
mm, 0.81 and 2.83mm and 0.84 and 2.26mm for 
2mm, 4mm, 6mm readings respectively. CBCT 

pre surgical measurements ranged between 1.02 
and 2.21mm, 0.61 and 2.21mm and 0.77 and 2.76 
respectively for 2mm, 4mm and 6mm. On the other 
hand, post-surgical measurements at 2mm from 
FGM ranged between 1.61 and 2.27 mm for clinical 
measurements and 1.31 and 2.13 for CBCT, at 
4mm ranged between 0.73 and 4.32 mm for clinical 
measurements and 1.27 and 2.57 mm for CBCT, 
and at 6 mm the measurements ranged between 0.99 
and 2.43 mm for clinical measurements and 1.01 
and 2.98mm for CBCT (Table 1)(Figure 3).

Pearson correlation coefficient showed an 

inverse correlation between direct bone sounding 

and CBCT at 2mm and 6mm and a weak positive 

correlation between both methods at 4mm in the pre 

surgical readings while the post-surgical readings 

showed an inverse correlation in all measuring 

points (Table 2) (Figure 4,5).

TABLE (1) Descriptive statistics as mean and standard Deviation (S.D.) of facial STT measurements at 
different points for both methods

Measurements
Pre Post

P-value
Mean S. D Limits of agreements Mean S. D Limits of agreements

CBCT 2 mm 1.36 0.32 1.21 to 1.51 1.95 0.26 1.83 to 2.07 0.000**
DBS 2 mm 1.39 0.19 1.30 to 1.48 1.85 0.16 1.77 to 1.93 0.000**

P-value 0.714 0.146
CBCT 4 mm 1.14 0.51 0.89 to 1.37 1.73 0.42 1.53 to 1.93 0.000**
DBS 4 mm 1.26 0.45 1.05 to 1.47 1.61 0.91 1.18 to 2.03 0.030*

P-value 0.407 0.586
CBCT 6 mm 1.54 0.63 1.25 to 1.84 1.65 0.66 1.06 to 1.43 0.000**
DBS 6 mm 1.24 0.39 1.34 to 1.96 1.84 0.33 1.69 to 1.99 0.000**

P-value 0.082 0.245

(*) P-value < 0.05 is significant.			   (**) P-value< 0.001 is highly significant.

Fig. (3) Analysis of mean differences between both methods 
before and after IIP at the three different measuring 
points.
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Fig. (4): Graphical scatter representation of Pearson 
correlation coefficient between pre surgical 
measurements of CBCT and DBS (a); at 2mm, (b); 
at 4mm, (c); at 6mm.

 

Fig. (5): Graphical scatter representation of Pearson 
correlation coefficient between post-surgical 
measurements of CBCT and DBS (a); at 2mm, (b); 
at 4mm, (c); at 6mm.
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TABLE (2) Pearson correlation coefficient between 
CBCT and DBS at different points before 
and after IIP.

r (p-value)

Pr
e

(CBCT & DBS )2mm -0.545 (0.013*)

(CBCT & DBS) 4mm 0.488 (0.029*)

(CBCT & DBS) 6 mm -0.627 (0.003*)

Po
st

 

(CBCT & DBS )2mm -0.362 (0.117)

(CBCT & DBS) 4mm -1.94 (0.412)

(CBCT & DBS) 6 mm -0.793 (0.000**)

(*) P-value < 0.05 is significant.

(**) P-value< 0.001 is highly significant.

DISCUSSION

In dental implantology field, evaluating the 
bone & soft tissue quality and quantity had become 
essential to guarantee implant success and peri-
implant esthetics (30). Gingival phenotype is a key 
factor that significantly impacts the success of the 
aesthetic outcomes of dental implants,  specifically 
immediate implants in esthetic areas (41-43). It is 
affected by several factors such as dental arch, age, 
sex, and race (44).  Peri-implant marginal mucosal 
recession is still a concern and may have a negative 
effect on the final esthetics especially around 
implants placed immediately in the esthetic zone 
(45). In order to decrease the chances of mid-facial 
peri-implant recession soft tissue grafts were used 
and proved to increase the facial peri-implant STT 
and decrease the mid-facial recession (46).  Hence, 
CTG were used in the present study to improve the 
gingival thickness around the immediately placed 
implants in the esthetic zone.

Multiple methods were applied to assess 
the gingival thickness, though the invasive 
transgingival probing is still believed to be the 
gold standard to measure the gingival/soft tissue 
thickness(44). Transgingival probing is done via 
directly piercing the periodontal soft tissue till 

reaching the underlying root or alveolar bone using 
an endodontic file with silicon stopper and then 
measuring the distance between the tip and the 
stopper. In spite of the easiness of this technique, 
patient discomfort and the requirement of local 
anesthesia that may increase the soft tissue volume 
are the common adverse effects of this technique (47). 

On the other hand, CBCT has been broadly used 
in the maxillofacial and dental regions, and its use in 
periodontal soft tissue assessment have been stated 
in multiple published studies (48) (49) (50). Difficulty in 
distinguishing the fine soft tissue structures because 
of the overlapping between Lips and gingiva is 
considered a key significant disadvantage of using 
CBCT in oral soft tissue assessments. Hence, 
radiopaque materials (51-53), acrylic lip retractors (54,55) 
and mouth inflation (56) were applied to improve the 
oral cavity soft tissue resolution.

Considering the raising applications of CBCT in 
dental implant planning and aiming to expand its use 
to serve for bone and soft tissues assessment, this 
study was conducted. This would guarantee better 
use of CBCT images and allow sparing the patient 
from the discomfort of the direct bone sounding. 

In the present study, immediate implants were 
placed in the upper maxillary esthetic zone. All 
implant sites received facial connective tissue grafts 
at the time of implant placement and the thickness 
of the peri-implant soft tissues was evaluated before 
implant and CTG placement and 6 months following 
their placement at 3 points; 2mm, 4mm and 6 mm. 
Facial STT was assessed using two methods; direct 
bone sounding using endodontic file with stopper 
and CBCT.  

Clinical bone sounding readings of the facial 
STT showed significant increase from 1.39±0.19, 
1.26 ±0.45 and 1.24±0.39 at 2mm, 4mm and 6mm 
respectively to 1.85±0.16, 1.61±0.91 and 1.84 ±0.33 
at 2mm, 4mm and 6mm respectively. CBCT readings 
also showed significant increase from 1.36 ±0.32 to 
1.95 ±0.26 at 2mm, 1.14 ±0.51 to 1.73±0.42 at 4mm 
and 1.54±0.63 to 1.65 ±0.66 at 6mm. On the other 
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hand, no significant differences were noted when the 
two measuring methods were compared. 

The results of the present study was in 
accordance with Gupta et al., who used an acrylic 
stent to measure the palatal tissue thickness at three 
significant points clinically using a standardized 
UNC-15 probe and radiographically using CBCT 
on 20 patients and reported no significant difference 
between the two methods (39). Silva et al., assessed 
CBCT accuracy in measuring the gingival thickness 
in the anterior segment and reported a correlated 
results with the measurements obtained from 
clinical probing (30).  Moudi et al., used a baseplate 
wax representing the soft tissue on jaws of dry 
human skull and compared the different thicknesses 
using digital caliper and CBCT and reported that 
CBCT accuracy in measuring soft tissue thickness 
was 0.1 mm. (26).  A novel CBCT technique by Lu 
et al., required patients to actively close their lips 
and inflate their vestibules in order to separate the 
lips and cheeks from the gingiva during imaging 
and proved its accuracy compared to direct bone 
sounding (57).  On the other hand, a study on fresh 
cadavers reported a significant difference between 
CBCT and transgingival probing measurements 
for the palatal STT and a non-significant difference 
between the two methods for the facial STT (58).

In the present study, though there was no 
significant difference between both methods, there 
was an inverse correlation between direct bone 
sounding and CBCT readings. In contrast, Borges 
et al., reported a significant difference between 
transgingival probing and CBCT in gingival 
tissue measurements in gummy smile cases, and 
a positive correlation between both methods (52). 
Sönmez et al., delineated  no significant difference 
and a high correlation between CBCT and clinical 
measurements in assessing the gingival thickness 
in edentulous patients before, in addition they 
found that the distribution of differences between 
both methods showed a statistically significant 
difference unlike the distribution of differences 
between high resolution ultrasound (US) and 

clinical measurements that showed a statistically 
non-significant difference (55).  

As a known fact, the radiation caused by CBCT 
is considered a major disadvantage of this technique. 
Therefore, this technique could be primarily used 
where obligatory radiological evaluation is needed 
as in implant and hard tissue augmentation surgeries 
rather than plastic periodontal surgeries.

CONCLUSION

CBCT proved to be an accurate and a 
practical device for oral soft tissue thickness 
measurement with multiple advantages including 
less invasiveness, reduced radiation exposure, high 
resolution, affordability and speed of data collection 
and archiving. 
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