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Assessment of the soft tissue volumetric changes 

following acellular dermal matrix grafts with cone 

beam computerized tomography

Seda Ozturan, PhD, DDS1/Haluk Oztunc, PhD, DDS2/Burcu Keles Evlice, PhD3

Objective: The aim of this study was to use cone beam com-
puterized tomography (CBCT), which consistently allowed the 
determination of the dimensions of the soft tissue, to evaluate 
acellular dermal matrix grafts (ADMG) used to increase gingival 
soft tissue thickness (GSTT). Method and Materials: In total, 
90 gingival defects were included in the study. Surgical pro-
cedures were performed to augment the gingival tissue with 
ADMG. While GSTT measurements were assessed at baseline 
and 6, 12, and 18 months post-surgery, ADMG measurements 
were performed with CBCT at 6, 12, and 18 months post-sur-

gery. Results: All parameters showed statistically significant 
differences between time intervals. In the ADMG-treated sites, 
the baseline GSTT was 1.00 ± 0.37 mm and the final thickness 
was 1.66 ± 0.34 mm. The 6-month measurement of ADMG was 
0.79 ± 0.08 mm, and the final measurement was 
0.11 ± 0.09 mm. Conclusion: High-quality images of the GSTT 
and ADMG can be consistently obtained with CBCT. The pres-
ent findings indicate that soft tissue augmentation can be 
achieved in gingival defects with the use of ADMG. 
(Quintessence Int 2015;46:171–178; doi: 10.3290/j.qi.a32826)
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increase soft tissue volume. With respect to teeth, a 
certain amount of keratinized tissue has been consid-
ered necessary to maintain periodontal health and to 
prevent gingival recession.3,4

Historically, the methods to augment keratinized 
tissue included: an apically positioned flap (APF), an 
APF in combination with autogenous tissue, and an 
APF in combination with allogenic tissue.5-7 Autoge-
nous soft tissue grafting procedures have also been 
proposed to surgically correct localized alveolar 
defects, as preprosthetic site development, and as 
ridge preservation procedures.8-11 As for the augmenta-
tion of keratinized tissue, traditionally the free gingival 
graft (FGG) and the subepithelial connective tissue 
graft (SCTG) have been described to increase soft tissue 
volume.8

The ultimate goal of periodontal therapy is not only to 
remove the etiologic factors, but also to reconstruct the 
lost periodontal tissues as a result of periodontal dis-
ease.1,2 Soft tissue augmentation with autogenous 
grafts is a widely used procedure in a variety of disci-
plines in dentistry. It is indicated in partially and fully 
edentulous patients to augment areas with a lack of or 
a reduced width of keratinized tissue, as well as to 
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The disadvantages of using autogenous tissue are 
mainly due to the harvesting procedure, which leads to 
a prolonged healing time at the donor site and there-
fore to an increased patient morbidity.12,13 Patients 
often complain about pain and numbness for several 
weeks after the surgery.14,15 On the other hand, ana-
tomical and individual limitations exist. In order to 
overcome these issues with autogenous tissue, alterna-
tive allogenic origin materials have been developed.

Late in the 1980s, allogenic dermal substitutes like 
the acellular dermal matrix graft (ADMG; Alloderm®, 
LifeCell Corporation), originally developed for covering 
full-thickness burn wounds,16 were used to increase 
keratinized tissue, for a root coverage procedure, to 
deepen the vestibular fornix, and to augment localized 
alveolar defects.17-20 Previous studies have shown that 
ADMG increases marginal tissue thickness histologi-
cally21 and clinically.22,23 It has been suggested that a 
thin gingival phenotype and delicate marginal tissues 
could be a factor in increasing the risk for gingival 
recession. These suggestions by Muller and Eger24,25 led 
to the idea that an increase in gingival thickness result-
ing from a soft tissue graft may prevent further reces-
sion in patients with a thin periodontal phenotype. For 
this reason it is important to gain soft tissue volume 
besides increasing width of keratinized tissue.

The aim of the present study was to assess the 
effectiveness of the ADMG on the soft tissue augmenta-
tion for 18 months’ follow-up with CBCT.26 The focused 
question was whether ADMG is sufficient for augmen-
tation and stability of the soft tissue in terms of increas-
ing the width of keratinized tissue and gain in soft tis-
sue volume. No comparative studies were found using 
allogenic grafts instead of autogenous tissue for volu-
metric augmentation, and none of the studies designed 
to measure gingival tissue width had previously used 
CBCT. The evidence for volumetric soft tissue augmen-
tation techniques is therefore low.

METHOD AND MATERIALS

Fifteen patients (all women) with 90 defected teeth, 
ages ranging from 24 to 42 years (mean age of 36 

years), were selected for this study. The study protocol 
was reviewed and approved by the institutional review 
board (IRB number 2010-4-1) and informed written 
consent was obtained from all the patients. The sample 
of this prospective study was selected from patients 
who referred to the Department of Periodontology, 
Faculty of Dentistry, Cukurova University, between 
December 2010 and February 2011. The entry criteria 
were:
• noncompromised systemic health and no contra-

indications for periodontal surgery
• no previous periodontal surgical treatment on the 

involved sites
• nonsmokers
• Miller Class I or II ≥ 2 mm mandibular gingival reces-

sion with thin gingival phenotype areas located on 
anterior mandibular teeth

• patients who needed CBCT scanning other than this 
surgery (implant therapy, impacted canines, man-
dibular or molar cystic, etc.).

The exclusion criteria were:
• to have undergone surgery for soft tissue removal, 

or presence of pathology in the area analyzed
• teeth with severe morphologic alterations seen in 

the CT scan.

A total of 90 defect areas were treated with ADMG, 
using an identical coronally advanced flap (CAF) pro-
cedure. The CBCT scans were taken before the surgery, 
6, 12, and 18 months after the surgery, and before all 
the measurements. CBCT calibration was performed by 
the same radiologist (BKE). All the risks and benefits 
involved in the procedures were explained to the 
patients before they signed an informed consent form.

Interventions

Presurgical therapy included detailed oral hygiene 
instruction, scaling, low-abrasive polishing, and occlu-
sal adjustment when required. The participants were 
instructed to brush their teeth with a nontraumatizing 
brushing technique. Patients were treated with the 
ADMG (Alloderm, LifeCell) instead of a subepithelial 
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graft. Allograft was used with the identical CAF tech-
nique. The hypothesis was that the ADMG would pro-
vide enough soft tissue augmentation for defected 
areas, and that it could be detected over time with 
CBCT in the treated area.

Surgical procedures

All the surgical procedures were performed by a single 
experienced operator (SO). The flaps were designed to 
accommodate the ADMG subepithelially. After local 
anesthesia, root debridement and polishing of the 
exposed root surface was performed. No root condi-
tioning was used. Two oblique, divergent beveled inci-
sions extending beyond the mucogingival junction 
were made at the mesial and distal line angles of the 
most mesial and the most distal of teeth with gingival 
recessions. These incisions, together with the intrasul-
cular incisions along the mesial and distal recession 
margins, designed the external surgical papillae. Hori-
zontal submarginal incisions, made interproximally at 
the level of the cementoenamel junction (CEJ), created 
the interdental surgical papillae. Then the intrasulcular 
incisions, which extended horizontally to the most dis-
tal and the most mesial of the involved teeth, were 
made, leaving the gingival margin of the unaffected 
adjacent teeth untouched. All surgical papillae were 
dissected, split-thickness, up to the probable sulcular 
area, keeping the blade almost parallel to the root. The 
soft tissue apical to the root exposure (including the 
residual keratinized tissue) was elevated to full thick-
ness by inserting a small periosteum elevator into the 
sulcus and proceeding in the apical direction to expose 
3 to 4 mm of bone apical to the bone dehiscence. This 
was done to include the periosteum and the maximum 
soft-tissue thickness in the central portion of the flap 
covering the avascular root exposure. A gentle root 
debridement was performed by sharp curettes (Hu-
Friedy) on the exposed root surfaces. The most apical 
portion of the flap was split-thickness to allow coronal 
repositioning of the flap without tension. To permit the 
coronal advancement of the flap, all muscle insertions 
present in the thickness of the flap were eliminated, by 
keeping the blade parallel to the external mucosal sur-

face. Coronal mobilization of the flap was considered 
adequate when the marginal portion of the flap was 
able to passively reach a level coronal to the CEJ of all 
teeth with the recession defects. The flap should be 
stable in its final coronal position even without the 
sutures.

The ADMGs were aseptically rehydrated in sterile 
saline according to the manufacturer’s instructions and 
were trimmed to cover the exposed root surfaces of the 
involved teeth, and extended about 3 mm of the sur-
rounding bone. The ADMGs were positioned at the 
level of the CEJ, and the basement membrane side was 
placed facing the flap, while the connective tissue side 
was placed in contact with the bone and the root sur-
face. The allografts were sutured over the defects with 
sling sutures, using 5-0 nonresorbable sutures. Once 
the previously reflected partial-thickness flaps coronally 
advanced, the flap partially overlaid the soft tissues 
mesial and distal to the receiving bed. These areas and 
the facial soft tissue of the anatomical interdental papil-
lae were de-epithelialized to create connective tissue 
beds to which the surgical papillae and the peripheral 
portions of the flap were sutured. Interrupted sutures 
were also placed in the releasing incisions. No peri-
odontal dressing was applied.

Postsurgical protocol

The patients were prescribed ibuprofen as needed and 
instructed to use 0.12% chlorhexidine rinse twice daily 
for 1 week. No adverse events occurred. The sutures 
were removed 10 days after surgery. Plaque control in 
the surgically treated area was maintained by chlor-
hexidine rinsing for an additional 2 weeks. After this 
period, patients were reinstructed in mechanical clean-
ing of the treated tooth and used a post-surgical soft 
toothbrush (GUM Post-Surgical Toothbrush, Sunstar) 
and a roll technique for 1 month. A chlorhexidine rinse 
was used twice a day during this period. Thereafter, 
patients used a soft toothbrush and chlorhexidine once 
a day. All patients were recalled for prophylaxis 2 and 4 
weeks after suture removal and once every 3 months 
until the final examination (18 months).
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CBCT scan technique

The CBCT scans were performed with the Iluma (Imtec) 
scanner and the images were acquired by means of the 
IlumaVision Elite software (Imtec) and processed by a 
computer. At the time of the CBCT scans, the patients 
remained seated and had their chins and heads stabi-
lized. A plastic lip retractor was placed in the patient’s 
mouth so that the cheeks did not touch the facial aspects 
of the teeth, allowing the facial gingiva to be visualized 
(Fig 1). Acquisition was performed in the mandible (volu-
metric dimensions 14 × 21 cm) for 20 seconds with the 
Iluma tomography acquisition protocol: voxel size, 
0.3 mm; grayscale, 16 bits; focal spot, 0.3 mm; image 
detector, amorphous silicon flat panel; image acquisition, 
single 360-degree rotation. The images were generated 
and the files of each patient were saved and analyzed.

All analyses were performed by the same radiolo-
gist (BKE) as follows: one mandibular canine to the 
other (three teeth on the right side and three teeth on 
the left side) were subjected to measurements. These 
measurements were performed at 2 mm apical of the 
midline (points are created by the CBCT device with 
guideline junctions; Fig 2) of the each tooth’s gingival 
margin. Therefore, two measurements were performed 
for each tooth (gingival and ADMG width; Fig 3).

Repeated analysis of variance (ANOVA) was per-
formed to verify whether there was any statistical dif-
ference in the thickness of soft tissue and graft material, 
while Multivariate Tests, Pairwise Comparisons was 
used to compare measurements performed at different 
time-points on the images of 15 patients. Bonferroni 
was used for adjustment of multiple comparisons. The 

Fig 1 Patient positioned for the CBCT scan wearing the plastic 
lip retractor (soft tissue CBCT) in an inverted position to avoid 
hitting the chin stabilizer.

Figs 2a and 2b CBCT scans showing the precise measurements 
obtained with the IlumaVision Elite software at the positions 
indicated on Fig 1, and the guidelines for the standardization of 
measurements created by CBCT (reference point of alveolar crest).

Figs 3a to 3d CBCT images of GSTT measurements (a) before and (b) 18 months after surgery. CBCT images of ADMG measurements 
at (c) 6 months and (d) 18 months after grafting.
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17.0 mm
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mean difference was significant at the P < .05 level. 
Wilcoxon’s signed-rank test was used to compare mea-
surements performed at two different time-points on 
the images of CBCT.

Intra-examiner reproducibility

The examiner evaluated eight CBCT scan measure-
ments, not involved in the study, on two occasions 24 
hours apart. Calibration was accepted if 90% of the 
recordings could be reproduced with a difference of 
≤ 0.5 mm.27

RESULTS

All the patients completed the study. No dropouts 
occurred and no adverse events were reported during 
the follow-up period. In total, 15 patients with Miller 
Class I, II gingival recession areas with thin phenotype 
(n = 90 sites analyzed) were treated with ADMG, using 
identical CAF procedure. The recessions were located 
between the two mandibular canines (some of the 
bony defects were identified only after flap elevation) 
and none were excluded from the study. Therefore, all 
patients completed the 18 months of follow-up. Fig-
ure 2 shows the CBCT image of the tooth taken with 
soft tissue retraction. By retracting the soft tissues of 
the lip, cheeks, and tongue away from the gingiva in 

both facial and palatal aspects, there is an evident dark 
space and the gingival margin can be easily identified.

Considering that the experiment had a 99% power, 
the sample of 90 defects was considered to be suffi-
cient to detect differences of 0.1 mm in soft tissue vol-
ume between the sides. In order to demonstrate the 
measurements, the image in Fig 2 (with soft tissue 
retraction) was selected for the following measure-
ment: thickness of the gingiva before and after surgical 
placement of Alloderm (1.5 mm apical of the gingival 
margin), and thickness of the Alloderm (radiolucent) 
that could be determined by soft tissue CBCT. Table 1 
shows the mean thickness with standard deviation (SD) 
of the mandibular buccal soft tissue (right and left 
sides) in different teeth, at 1.5 mm apical of the gingival 
margin, between time intervals. In all teeth, the buccal 
mucosa was thicker when compared with the baseline 
measurements. Measurements performed at 1.5 mm 
from the gingival margin were similar in all teeth at 
baseline.

At baseline, mean GSTT was 1.00 ± 0.37 mm, and 
the final thickness (18 months) was 1.66 ± 0.34 mm 
(Table 1). GSTT was 2.43 ± 0.39 at 6 months, and 
1.98 ± 0.36 mm at 12 months’ follow-up. The analysis of 
the mean differences of the GSTT between baseline 
and 6, 12, and 18 months showed significant differ-
ences (Table 2).

Table 2 Measurements of GSTT (mean ± SD; mm) at different time intervals (n = 90)

Parameter Time GSTT P value*

0 months

6 months 1.42 ± 0.06 .0001

12 months 0.98 ± 0.05 .0001

18 months 0.65 ± 0.04 .0001

*Mean difference is significant at P < .05. Adjustment for multiple comparisons: Bonferroni.

Table 1 Thickness (mean ± standard deviation; mm)* of ADMG (n = 90) and GSTT (n = 90)

Parameter Baseline 6 months 12 months 18 months

ADMG NA 0.79 ± 0.08 0.42 ± 0.10 0.11 ± 0.09

GSTT 1.00 ± 0.37 2.43 ± 0.39 1.98 ± 0.36 1.66 ± 0.34

*Repeated ANOVA
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The mean 6-month ADMG measured was 
0.79 ± 0.08 mm, and the final measurement was 
0.11 ± 0.09 mm (Table 1). ADMG was detected from 6 
months because of the CBCT scanning intervals. Statis-
tically significant differences of ADMG were observed 
between 6 months and 12 and 18 months (Table 3). 
ADMG was observed in 100% of the sites at the 6- to 
12-month follow-up and in 58% at the 18-month fol-
low-up. 

Pairwise comparisons showed statistically signifi-
cant differences in terms of baseline compared with the 
time intervals for GSTT, and statistically significant 
decreases between ADMG thickness with the time 
intervals. After 6 months, the mean GSTT was superior 
to that obtained at baseline, and at 12 and 18 months 
postoperatively. There was a statistically significant 
reduction in ADMG between 6 months and 12 and 18 
months, and an increase in GSTT between baseline and 
the 18-month postoperative visit (Table 1). Table 1 
summarizes the mean GSTT at baseline, 6, 12, and 18 
months and ADMG at 6, 12, 18 months. Measurements 
of the thickness of the GST and ADMG were performed 
at two different time-points on the images of patients 
and there was no statistical difference between these 
measurements (Wilcoxon test).

DISCUSSION

The proposal of the present study was not to demon-
strate the percentage of root coverage of a previously 
diseased root surface or soft tissue recession defect, but 
to evaluate the presence of ADMG and its long-term 
effects on soft tissue volume with CBCT, when placed 
adjacent to root surface and covered by a CAF. This 
study was performed to discern if the graft was effec-

tive for any volume augmentation and for how long it 
was detectable when placed adjacent to root surface 
by CBCT. 

Recently designed CBCT technology has become a 
relevant tool for oral and maxillofacial diagnostic osse-
ous imaging, providing professionals access to excel-
lent image quality and greater diagnostic accuracy and 
sensitivity.28,29 In addition, CBCT allows images to be 
acquired using a low dose of radiation, and shorter 
patient examination time, which makes its routine use 
feasible for oral and maxillofacial procedures.30,31 It has 
been demonstrated that CBCT is useful for evaluations 
in the oral and maxillofacial regions,32,33 although fur-
ther studies are necessary for the evaluation of soft tis-
sue rather than hard tissue lesions. Several studies have 
reported that the interpretation allowed by different CT 
imaging modalities supplies more information than for 
axial images, aiding more reliable diagnosis and effec-
tive therapy. In the present study this reliable tech-
nique was used for soft tissue imagining. 

The present study revealed statistically significant 
soft tissue thickness gain with the ADMG. ADMG is pro-
cessed from cadaver skin and the epidermis and cellu-
lar material are removed. Histologic observations of 
ADMG placed to increase the width of keratinized tis-
sue showed tissue that substantially differed from any 
oral mucosa.34 The connective tissue portion of the 
ADMG contained dense collagen fibers with scattered 
elastic fibers. The epithelial layer covering the connec-
tive tissue showed heterogenous expression of kerati-
nization and a flat epithelium–connective tissue inter-
face. The epithelium was mostly para- or 
orthokeratinized toward the gingiva and nonkera-
tinized to the alveolar mucosa. The authors suggested 
that due to the nonvital matrix of the ADMG, the epi-

Table 3 Thickness of ADMG (mm) at different time intervals (n = 90)

Parameter Time ADMG P value*

6 months
12 months 0.38 – 0.01* .0001

18 months 0.70 – 0.01* .0001

*Mean difference is significant at P < .05. Adjustment for multiple comparisons: Bonferroni.
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thelium–connective tissue of the surrounding recipient 
site directed the epithelium differentiation of the 
ADMG.34 These findings may predominantly explain the 
observation of ADMG during the 18 months without 
dissolution in the tissue.

Only a few studies exist concerning augmentation 
of soft tissue volume. Of these, only one was designed 
as a comparative cohort study.9 The greatest amount of 
soft tissue volume was observed for the SCTG group 
with significant differences from the control groups 
(FGG, untreated sites). No comparative studies were 
found using allogenic grafts instead of autogenous tis-
sue for volumetric augmentation. The evidence for 
volumetric soft tissue augmentation techniques is 
therefore low. 

In the most of these studies, volumetric changes of 
soft tissue defects were evaluated instead of gingival 
tissue volume changes. Since the usage of ADMG is still 
in question, the present study aimed to evaluate the 
dimensional changes of gingival soft tissue volume 
after CAF and ADMG procedures. Increasing the gingi-
val soft tissue volume would prevent future gingival 
recession in patients with a thin periodontal pheno-
type.24,35

Several reasons may be responsible for the low 
number of volumetric soft tissue augmentation tech-
niques published in this field. First, the currently inves-
tigated grafts are very thin due to the manufacturing 
process. Any volume augmentation would likely 
require larger amounts of tissue or a folding procedure 
to gain greater volume. Second, and most important, is 
that there is currently no standardized reliable tech-
nique available for the measurement of soft tissue vol-
ume. However, in the present study, using soft tissue 
CBCT the soft tissue volumetric changes could be mea-
sured. 

In one study, a time-consuming procedure based 
on cast measurements was applied. For the measure-
ments using the so-called Moiré method, extensive 
appliances are required.9 These aspects influence and 
limit the clinical applicability. In another study, mea-
surements were performed using a periodontal probe. 
These measurements may not reflect the changes of 

the entire augmented volume19 and may not be as sen-
sitive as CBCT. Recently, a new method has been 
described to measure soft tissue volume.36 In operative 
dentistry, for example, an optical system is available 
that allows capture of information about the shape of 
tooth preparations and the adjacent soft tissue con-
tours.37 With this system a three-dimensional image is 
obtained after scanning the intraoral anatomy with a 
camera.38 In a methodologic in vitro study, several data 
sets of three-dimensional objects were captured and 
volumetric differences were measured.36 The same 
method has been used to measure dimensional 
changes of the ridge contour in a preclinical study,39 
and to document volumetric soft tissue changes of the 
interdental papilla.40

In the present study, significant increase in gingival 
tissue volume with ADMG was observed with CBCT in 
treatment of gingival defects with a thin phenotype. 
This system showed excellent accuracy and high repro-
ducibility for measuring volume differences between 
specimens after augmentation procedures and this 
method is also noninvasive, and appropriate in pre-
clinical and clinical studies; it might be applicable for 
the desired measurements of soft tissue volume differ-
ences.

CONCLUSIONS

ADMG seems to be an easily handled material that, in 
humans, eliminates additional donor surgical site 
needs. The CBCT analysis performed at regular intervals 
demonstrated that wound healing of the grafts pro-
ceeded without complication and with complete inte-
gration of the ADMG by the host’s gingival tissue. The 
clinical results were uniformly good, and no undesir-
able effects were observed. The present findings also 
indicated that soft tissue augmentation can be 
achieved in gingival defects with the use of ADMG, and 
that inclusion of the graft can provide greater thickness 
of the gingival tissue for prevention of recurrence and 
future recession.
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