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Abstract

Aim: The aim of this controlled randomized clinical trial was to evaluate the efficacy of a xeno-

geneic collagen matrix (CM) to augment the keratinized tissue around implants supporting

prosthetic restorations at 6 months when compared with the standard treatment, the connective

tissue autograft, CTG).

Materials and methods: This randomized longitudinal parallel controlled clinical trial studied 24

patients with at least one location with minimal keratinized tissue (�1 mm).

Main outcome measure: The 6-month width of keratinized tissue. As secondary outcomes the

esthetic outlook, the maintenance of peri-implant mucosal health and the patient morbidity were

assessed pre-operatively and 1, 3, and 6 months post-operatively.

Results: At 6 months, Group CTG attained a mean width of keratinized tissue of 2.75 (1.5) mm,

while the corresponding figure in Group CM was 2.8 (0.4) mm, the inter-group differences not

being statistically significant. The surgical procedure in both groups did not alter significantly the

mucosal health in the affected abutments. There was a similar esthetic result and significant

increase in the vestibular depth in both groups as a result of the surgery. In the CM group it

changed from 2.2 (3.3) to 5.1 (2.5) mm at 6 months. The patients treated with the CM referred less

pain, needed less pain medication, and the surgical time was shorter, although these differences

were not statistically significant when compared with the CTG group.

Conclusions: These results prove that this new CM was as effective and predictable as the CTG

for attaining a band of keratinized tissue.

The question of whether or not a sufficient

amount of keratinized tissue around natural

teeth is necessary for long-term periodontal

health is still controversial, although there is

sufficient evidence to state that in the

absence of inflammation, there is no mini-

mum amount of keratinized gingiva to main-

tain periodontal attachment levels (Lang &

Löe 1972; Dorfman et al. 1982; Wennström

& Lindhe 1983; Kennedy et al. 1985). The

presence of keratinized tissue is probably

relevant, however, in specific clinical situa-

tions, such as around teeth, being abutments

of fixed prosthetic restorations with subgingi-

vally placed margins. In a 10-year prospective

case series study (Valderhaug & Birkeland

1976) these sites lacking keratinized tissue

demonstrated a significantly higher rate of

gingival inflammation, attachment loss, and

gingival recession. Similarly, in patients with

fixed partial prosthesis with natural teeth as

abutments with minimal amount of kerati-

nized tissue (�1 mm), the use of connective

tissue grafts (CTGs) resulted in a significant

gingival augmentation, which favored plaque

control, reduced gingival inflammation, and

attachment loss, when compared with equiv-

alent non-grafted sites (Orsini et al. 2004).

The possible influence of the width and

thickness of the keratinized mucosa (KM)

around implant-supported restorations, both

on implant survival and on the stability of

peri-implant tissues is also still controversial.

A recent systematic review (Grusovin et al.

2008) reported that there is insufficient or

even a lack of evidence regarding the possible

influence of the width of keratinized tissue

on the survival rate of dental implants, but

in spite of this lack of clear evidence, three

recent clinical studies have shown a positive
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correlation between lack or minimal

amounts of KM and mucosal recession. In a

3-year retrospective study in 339 implants

Chung et al. (2006) reported that the absence

of adequate KM, especially in posterior

implants, was associated with higher plaque

accumulation and gingival inflammation,

but not with more peri-implant bone loss.

Similarly in a retrospective evaluation of

250 implants after 5–10 years in function,

there was a significant negative correlation

between Gingival Index (GI) and recession

with the amount of KM (Artzi et al. 2006). A

retrospective study that was specifically

aimed to study the influence of the KM

thickness and width around dental implants

on both clinical and immunological parame-

ters evaluated 53 implants after 1 year in

function. The results showed that a narrow

band of KM (�1 mm) was associated with

significantly higher mucosal recession. Simi-

larly, a thin mucosa (�1 mm) was also asso-

ciated with significant recession (Zigdon &

Machtei 2008). The importance of the KM

around dental implants has been further

emphasized by the results from an experi-

mental study in monkeys reporting that

ligated implants without KM accumulated

more dental plaque and had significantly

more recession and attachment loss than

implants with KM (Warrer et al. 1995).

To overcome this problem, different

authors have proposed diverse surgical tech-

niques and materials to augment the soft tis-

sues around teeth and dental implants. The

surgical approach most frequently used is the

apically repositioned flap plus the application

of an autogenous graft (APF-AG) harvested

from the palatal mucosa. The efficacy of

these techniques has been recently evaluated

in a systematic review (Thoma et al. 2009).

From a total of 12 studies, the use of APF-

AG resulted in a statistically significant

weighted mean difference of 4.49 mm com-

pared with no treatment. Allograft materials,

such as the acellular dermal matrix graft

(ADMG, Alloderm®; Life Cell Corporation,

The Woodlands, TX, USA) or the human

fibroblast-derived dermal substitute (HF-DDS,

Dermagrafts®; Advanced Tissue Sciences Inc.,

La Jolla, CA, USA) have also been utilized

as an alternative to APF-AG, although the

results reported in terms of increase in with of

keratinized tissue were significantly inferior

(Wei et al. 2002; McGuire et al. 2008).

Recently, a two-layer, xenogeneic collagen

matrix (CM) has been investigated for the

treatment of dehiscence defects around teeth

(McGuire & Scheyer 2010) and for augmenting

keratinized tissue around teeth and implants

supporting fixed prosthetic restorations (Sanz

et al. 2009). Results from this randomized

clinical trial demonstrated similar increase in

the amount of keratinized tissue when the

xenogenic soft tissue substitute was compared

with autogenous CTGs (Sanz et al. 2009).

There are, however, no clinical trials yet pub-

lished, studying the use of this CM graft mate-

rial to specifically enhance KM around

implant-supported restorations. The aim of

this parallel randomized clinical trial is to

evaluate the efficacy of this xenogeneic CM to

augment the band of KM around implants

supporting prosthetic restorations at 6 months,

when compared to the standard treatment, the

free connective tissue auto-graft. Secondarily

the esthetic outcome and the patient’s post-

operatory morbidity will also be assessed.

Material and methods

Patients

Patients wearing implant-supported prosthe-

sis were selected from the maintenance

programs of the Periodontal Postgraduate

Clinic at the Faculty of Odontology in the

University Complutense of Madrid and the

Branemark Osseintegration Center in Madrid.

After a screening examination consisting on

full mouth examination with registration

of probing pocket depths, bleeding scores

(FMBS), and plaque scores (FMPS), 24 patients

were enrolled for this study on the basis of

fulfillment of these inclusion criteria:

• Being older than 18 years and being sys-

temically healthy.

• Presenting at least one location with min-

imal or no keratinized tissue (�1 mm).

The selected location must be an abut-

ment of an implant-supported restoration.

• The patient should demonstrate a good

plaque control (FMPS < 20%) and being

able to comply with all procedures related

to the study.

Patients were excluded if they were heavy

smokers (more than 10 cigarettes/day), suffer-

ing any systemic disease that would nega-

tively influence wound healing or known

allergy to collagen.

Informed consent was obtained from all

selected subjects. The Clinical Research

Committee from the San Carlos Clinical

Hospital in Madrid had previously approved

this consent form and the study protocol.

Sample size

The sample size was calculated using

a = 0.05 and the power (1 � b) = 80%. For

the variability (r = SD), the value of 0.9 mm

(Sanz et al. 2009) was used considering the

increase in width of the KM as the main out-

come variable. The minimum clinically sig-

nificant value (d) considered was 2 mm. On

the basis of these data, the number of

patients required to be enrolled to conduct

this study was calculated as 20 patients.

However, considering the possibility of

having a certain amount of dropout patients

(20%), the total number of requested patients

was 24.

Experimental design

This study was designed as a randomized

longitudinal parallel controlled clinical trial

comparing the use of a xenogeneic CM

(Mucograft®; Geistlich Pharma AG, Wolhu-

sen, Switzerland) with the free CTG to

augment the width of KM. The study protocol

and clinical trial was authorized by the Span-

ish Ministry of Health and approved by the

Ethical Committee of San Carlos Clinical

Hospital in Madrid.

Experimental product information

The CM (Mucograft®) is a class III medical

device according to the Medical Device

Directive 93/42 (EEC definitions: 1.1: long-

term implant; 1.2: implantable; 8: resorbable

and 17: porcine origin). Its structure consists

of two functional layers: a cell occlusive

layer consisting of collagen fibers in a

compact arrangement and a thick porous

layer. This porous layer provides a space that

favors the formation of a blood clot and the

ingrowth of tissue from adjacent sites

(Fig. 1c). This xenogenic graft has been

cleared by the EU and US Food and Drug

Administration for regenerative therapy

involving teeth and implants.

Interventions

Investigator training

One examiner (V.G.) different from the surgi-

cal operators (R.L. and M.O.) was required to

attend a training and calibration session

aimed at: (i) instruction and calibration in

the measurement techniques to be used; (ii)

instruction in the compilation of the data

collection sheets and (iii) preliminary data

recording session.

Treatment phase I: instruction of oral hygiene
procedures

After having entered into the study, all

patients received the following procedures by

the same operator (V.G.) 4 weeks prior to the

baseline visit:
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• Supportive periodontal treatment consist-

ing of oral hygiene instructions, a profes-

sional prophylaxis and if needed, scaling

and root planning.

• A new toothbrush was given to each

patient to assure proper oral hygiene

according to the given instructions.

Outcome measurements

At the baseline visit, immediately before

the surgical procedure, all subjects had the

following clinical parameters being recorded

(Figs 1a and 2a):

• The width of the KM at the implant abut-

ment buccal site measured in mm from

the mucosal margin to the mucogingival

junction.

• Periodontal clinical outcome measure-

ments at the implant location and adja-

cent teeth (GI, Plaque Index [PI], probing

pocket depth [PPD], clinical attachment

levels [CAL]).

• The depth of the vestibule at the implant

location measured in mm from the muco-

sal margin to the reflection of the vesti-

bule when the cheeks were retracted with

a mirror.

• Clinical photographs of the surgical area

to register soft tissue color characteristics.

All clinical parameters were recorded with

a North Carolina University probe by the

same-blinded examiner to the treatment

(V.G.).

Treatment phase II: surgical interventions

After the data collection the patients under-

went the assigned surgeries by two experi-

enced periodontists (R.L. and M.O.). The

surgical intervention began with the adminis-

tration of the appropriate local anesthesia

and consisted of the following steps:

• An intrasulcular incision was made and a

mucosal partial thickness flap was raised.

The recipient site was prepared by sharp

dissection to create a periosteal bed free

of any muscle attachment.

• The resulting flap was excised or sutured

at the base of the newly created vesti-

bule with 5-0 non-resorbable t-mattress

braided nylon sutures (Figs 1b and 2b).

• The treatment allocation to the experi-

mental and control groups was assigned

by means of sealed envelopes containing

a code derived from a randomized list, to

receive either:

○ Free CTG – control group (Fig. 2c).

○ CM – test group (Fig. 1c).

• In the control group, once the size of the

graft was predetermined using a tin foil

stent prepared over the recipient site,

a free CTG was harvested from the

palate, following the classical procedure

described by (Langer & Langer 1985). The

CTG thickness varied depending on the

patient’s palate availability, ranging

between 1 and 3 mm. The obtained CTG

was then sutured in the recipient bed

with 5-0 non-resorbable braided nylon

interrupted single sutures.

• In the experimental group, the CM was

trimmed to closely adjust to the recipient

site and then sutured in place with 5-0

non-resorbable braided nylon interrupted

single sutures.

The surgery time was recorded in both

groups to the closest minute from the start of

the first incision to the accomplishment of

the last suture.

Post-treatment instructions

As post-operative instructions, patients were

instructed to rinse twice daily with a chlorh-

exidine mouth rinse (0.12%) during 2 weeks.

Anti-inflammatory medication (Ibuprofen

400 mg) was provided to the patients in blis-

ter packs each containing 12 units and

patients were given instructions to take this

medication in case of pain or swelling. The

patients were prompted to record the dosage

used in a customized form and return non-

used blister packs at the next follow-up visit.

Sutures were removed after 10 days, when

clinical photographs were taken to document

the healing process (Figs 1d and 2d). At this

first post-operative visit, patients recorded

their pain experience by pointing in a visual

analog scale from 0 to 10 (being 0 no pain

and 10 severe pain) and by filling a pain ques-

tionnaire.

Patient evaluation of the operative procedure

The next follow-up visits took place at 1, 3,

and 6 months after the surgery. In these

visits, clinical photographs were taken and

the following clinical outcome measure-

ments were recorded by the same operator

(V.G.): width of the KM, PPD, CAL, GI, and

PI (Figs 1e and 2e).

At the 1-month evaluation patients also

recorded their pain evaluation as in the

10-day visit.

Outcome measurements

The primary endpoint of the study was to

attain an adequate width of the KM. This

outcome was evaluated pre-operatively (base-

(a)

(b)

(c)

(d)

(e)

Fig. 1. (a) Pre-surgical image from an experimental site.

Note the minimal amount of keratinized tissue around

an implant-supported restoration. (b) Split-thickness

flap elevated to prepare the surgical bed for the Muco-

graft® in the experimental sites. Note the preservation

of the minimal band of remaining keratinized tissue. (c)

Experimental soft tissue substitute, a three-dimensional

collagen tissue matrix (Mucograft®). (d) Healing of the

collagen matrix at 10 days post-surgery. (e) Presence of

a band of keratinized gingival/mucosa (3 mm) at

6 months in the experimental site treated with the

collagen matrix.
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line) and at 1, 3, and 6 month after the treat-

ment, by measuring the distance from the

free mucosal margin to the mucogingival

junction, using a North Carolina University

probe, Figs 1e and 2e).

The secondary endpoints were the esthetic

outcome, the maintenance of peri-implant

health in the selected implant sites and the

patient morbidity after the surgical proce-

dure.

For assessing the peri-implant health status

the following parameters were measured:

• GI, according to Loe and Silness.

• PI, according to Silness and Loe.

• PPD, measured in mm using a periodon-

tal probe.

• CAL, measured in mm using a periodon-

tal probe.

These peri-implant parameters were evalu-

ated pre-operatively (baseline) and at 1, 3, and

6 months after the treatment.

The esthetic outcome was assessed from

the standardized clinical photos taken of the

augmented sites at each visit, by judging

the color blending of the grafted site with the

adjacent soft tissues through a qualitative

questionnaire carried out by an independent

examiner. No digital objective methods were

used for this color evaluation.

The patient morbidity was assessed by

measuring the amount of anti-inflammatory

medication used by the patient and through

the patient subjective evaluation assessed

using a visual analog scale (0–10). The inves-

tigator recorded the presence of complica-

tions, additional treatments, and medication

in connection to the surgical treatment,

using a specific form and a questionnaire

handed to the patients at the start of the

post-operative visits.

Statistical and methodological methods

The study was monitored by an external

agency in accordance with ISO 14155-1 and

the obtained source data were verified for

correctness and completeness before its

statistical analysis.

The statistical analysis was per protocol.

Descriptive statistics were generated for both

the primary and secondary outcome measure-

ments as means, SDs, 95% confidence inter-

vals (CI), and medians with the

corresponding lower and upper confidence

limits. The normality of the distribution

of these parameters was tested using the

Kolgomorov–Smirnov test with the Dallal–

Wilkinson–Lilliefors correction. The non-

parametric Mann–Whitney test was used to

compare the outcome variables at baseline

between control and test groups. For testing

the treatment effect (inter-group compari-

sons), the time effect (intra-group compari-

sons), and the interaction between treatment

and time we utilized the non-parametric

method of Brunner–Langer. The changes

between 6M and baseline were compared

between groups (CM vs. CTG) for the pri-

mary and secondary outcome variables using

the Wilcoxon’s non-parametric test. The dif-

ferences in pain at 10 days between both

treatment groups were compared with the

Mann–Whitney test. For all these compari-

sons we used a level of significance of 0.05.

Randomization and allocation concealment

In each subject, the selected site was

randomly assigned to receive one of the two

treatment regimens (CM or CTG). Treatment

assignment was noted in the registration and

treatment assignment form that was kept by

the study monitor. Allocation concealment

was performed using opaque sealed enve-

lopes, sequentially numbered. The study

monitor generated the allocation sequence

by means of a computer-generated random

permuted block (patient) and instructed a

different subject (C.M., secondary investiga-

tor) to assign a sealed envelope containing the

assigned treatment to each site. The randomi-

zation opaque envelope was opened immedi-

ately before the application of the graft

material, once the recipient was prepared.

Blinding (masking)

The examiner (V.G.) was maintained blinded

for the treatment.

Results

The study population consisted of 24

patients, 12 in the control group (CTG) and

12 in the experimental group (CM) recruited

between September (2008) and February

(2009). Fig. 3 depicts the flow chart of the

study patients. All patients fulfilled the

protocol, except two patients in the experi-

mental group who due to personal reasons,

increased significantly their smoking habit

surpassing the threshold level defined in

the protocol (�10 cigarettes/day) and hence,

they were exited from the study. No patient in

any of the groups suffered any significant com-

plication. In the control group (CTG), one

patient had a sports trauma and consequently,

he was prescribed high doses of ibuprofen.

This patient was excluded from the pain

analysis, but was followed until the end of

the study and the rest of the outcome

(a)

(b)

(c)

(d)

(e)

Fig. 2. (a) Pre-surgical image from a control site. Note

the minimal amount of keratinized tissue around an

implant-supported restoration. (b) Split-thickness flap

elevated to prepare the surgical bed for the connective

tissue auto-graft in the control sites. (c) Connective tis-

sue graft harvested from the palatal mucosa. (d) Healing

of the connective tissue graft at 10 days post-surgery. (e)

Presence of a band of keratinized gingival/mucosa

(3 mm) at 6 months in the control site treated with the

connective tissue graft.
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measurements were included in the statistical

analysis.

At baseline, both groups were well

balanced with regard to patient characteris-

tics and location of selected sites and there-

fore, no significant differences were shown in

any of the clinical parameters assessed

(Table 1). The selected population was

mainly female with a mean age of 63 years.

All the selected sites (except one) were man-

dibular sites, being evenly distributed

between anterior/posterior sites in the con-

trol group, whereas there were more posterior

sites (>70%) in the experimental group.

These differences, however, were not statisti-

cally significant.

The changes in the primary outcome vari-

able (increase in KT) for all the study patients

are shown in Table 2 (P-values are provided

within the table). The mean width of KT at

baseline in the control and experimental

group was 0.42 (0.51) and 0.50 (0.52) mm,

respectively. After the surgical procedure,

there was a statistically significant increase

in both groups (CTG and CM) at 30 days,

being 3.17 (1.5) and 3.0 (0.7) mm, respec-

tively. Differences between groups were not

statistically significant. At 6 months, Group

CTG attained a mean width of keratinized

tissue of 2.75 (1.5) mm, while the correspond-

ing figure in Group CM was 2.8 (0.4) mm,

being the inter-group differences not statisti-

cally significant. Between day 30 (1 month)

and day 180 (6 months), there was more

contraction in the control group (0.33),

although differences with CM (0.2) were not

significant. In the CM group the results

attained at 30 days were mostly maintained

at 180 days (Fig. 4). The group CM attained

significant gains in keratinized tissue

between baseline and 6 months (2.30 mm,

P = 0.002). The corresponding value for the

group CTG was 2.33 mm (P = 0.0005). Differ-

ences between groups were not significant

(P = 0.58) (Fig. 4).

The surgical procedure in both groups did

not alter significantly the periodontal param-

eters around the affected abutments

(implants). Table 3 shows the changes in the

GI, PPD, recession, and vestibular depth

(VD). In Group CTG, the GI changed from

0.5 (0.6) at baseline to 0.3 (0.7) at 6 m. The

corresponding figure in Group CM was 0.7

(0.9) and 0.2 (0.6), respectively. In both groups

the inflammation in the marginal mucosa

was reduced, although not significantly,

when compared with baseline. Differences

between groups were not significant. Simi-

larly, the PD in the affected implant sites

remained stable during the study in both

groups. In Group CTG, the PD changed from

2.08 (0.9) at baseline to 2.08 (1.1) at

6 months. The corresponding figure in Group

CM was 2.0 (0.7) and 1.6 (0.5), respectively.

The changes in the position of the mucosal

margin (recession) demonstrated a mean

increase of about 0.5 mm of mucosal reces-

sion in both groups, but these differences

were not statistically significant when com-

pared with baseline or between the groups. In

both groups the changes in VD resulted in a

significant increase as a result of the surgery

(P = 4.6661E-08) (Fig. 5). In Group CTG, the

VD changed from 4.17 (3.3) at baseline to

6.00 (2.9) at 6 months (P = 0.0078). The cor-

responding figures in Group CM were 2.20

(3.2) at baseline and 5.1 (2.5) at 6 months

(P = 0.0039). Differences between groups

were not significant.

The evaluation of the clinical photographs

provided similar results in esthetics and color

blending with the adjacent tissues in both

groups. The blind evaluators were not able to

distinguish between both procedures in terms

of color or esthetic outcome.

In spite of the lesser amount of pain and

anti-inflammatory medication needed for the

patients in the experimental group (CM)

Analysed at baseline (n = 12) 
♦ Excluded from analysis (protocol break 
due to smoking) (n = 2)

Lost to follow-up (both patients did not 
fulfill the smoking allowance defined in the 
protocol) (n = 2) 

Allocated to experimental (TCM) (n = 12) 
♦ Received allocated experimental (n = 12)

Lost to follow-up (give reasons) (n = 0) 

Allocated to control (CTG) (n = 12) 
♦ Received allocated control (n =12)

Analysed at baseline (n = 12) 
♦ Excluded from the pain analysis (due to a 
trauma and prescription of high dose 
ibuprofen) (n = 1)

Randomized (n = 24) 

Did not adhere

Fig. 3. Flow chart of the study patients.

Table 1. Comparison of demographic data between groups at baseline

Baseline

Group CTG Group CM P-value

Patients
Age: mean (SD) 63 (7.9) 62 (8.7) 0.827 (NS)
Gender: female/male 4/2 5/1 1 (NS)

Sites
Anterior/posterior 6/6 4/8 0.680 (NS)
Maxilla/mandible 0/12 1/11 1 (NS)

Clinical outcome measurements
Keratinized tissue (mm)

Mean (SD) 0.42 (0.51) 0.5 (0.52) 0.731 (NS)
Median (CI) 0 (0, 1) 0.5 (0, 1)

Gingival Index
Mean (SD) 0.5 (0.67) 0.73 (0.9) 0.769 (NS)
Median (CI) 0.5 (0, 2) 0 (0, 1)

Probing pocket depth (mm)
Mean (SD) 2.08 (0.99) 2 (0.73) 0.951 (NS)
Median (CI) 2 (1, 3) 2 (1, 3)

Recession (mm)
Mean (SD) 0.67 (1.07) 1.08 (1.44) 0.545 (NS)
Median (CI) 0 (0, 2) 0.5 (0, 2)

CTG, connective tissue graft; CM, collagen matrix. Clinical outcome measurements are expressed as
mean (SD) and as median (upper and lower limits of confidence interval [CI]).
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when compared with the control group

(CTG), these differences were not statisti-

cally significant. Fig. 6 shows that in both

groups, patients needed low dosages of ibu-

profen during the immediate post-operative

period, being <2000 mg in the CM group

(about five 400 mg tablets as average), vs.

<4000 mg in the CTG group (about eight

400 mg tablets as average). The amount of

pain referred by the patient was measured

through a visual analog scale, filled by each

patient at the post-operative visits at 10 and

30 days. At 10 days patients in both groups

reported very low pain (mean pain scores of

<3). At 30 days there was no patient in

the CM group that had any pain, while in

the CTG group there were still patients

reporting minor pain (mean pain scores of

<1).

The total surgery time spent in both surgi-

cal procedures was also different when both

groups were compared. The CTG surgeries

lasted a mean of 46.25 min, while the CM

surgeries lasted a mean of 32.50 min. These

differences were statistically significant

(P = 0.0096). Fig. 7 depicts these changes.

Discussion

The present study was aimed to investigate

the efficacy of a xenogeneic CM to augment

the band of KM around implants supporting

prosthetic restorations at 6 months, when

compared with the free connective tissue

auto-graft. The results from this investigation

confirm the previous published results using

the same xenogeneic material (Sanz et al.

2009) where a similar increase in width of

keratinized tissue was attained when

compared with an autogenous CTG. In both

studies, the amount of new keratinized tissue

attained with the xenogeneic CM was simi-

lar, around 3 mm, and almost identical to

what was attained with the autogenous CTG.

These results can be considered modest, if

compared with the results obtained using the

same surgical technique by Orsini et al.

(2004) that reported a mean increase of 5 mm

1 year post-surgically. These differences can

be due to the different surgical sites used in

both studies. In this investigation all except

one were mandibular sites with shallow

vestibules. In these mandibular sites the pres-

ence of high muscle attachments usually

limit the amount of new keratinized tissue

gained after the grafting procedures. Another

possible cause limiting the amount of kerati-

nized tissue may be the amount of shrinkage

that occurred in this study to both the xeno-

geneic and the CTGs. When using the tradi-

tional surgical technique of the APF plus the

free gingival graft (FGG), Rateitschak, Egli &

Fringeli (1979) evaluated its efficacy in a

4-year longitudinal study. The transplanted

grafts demonstrated an average shrinkage of

25%, while the gingival margin remained

stable during the observation period. Orsini

et al. (2004) evaluated the 1-year results of a

similar surgical technique, but using the

CTG instead of the FGG. They reported 40%

shrinkage, also with stable gingival margins

after the 1-month evaluation. A recent sys-

tematic review (Thoma et al. 2009) has evalu-

ated the efficacy of the different soft tissue

augmentation techniques. When assessing

the techniques aimed for increasing the

width of keratinized tissue, 25 studies met

the inclusion criteria, but only ten, however,

were comparative studies evaluating the APF

plus autogenous grafting as the standard of

therapy. From these studies, four compared

this surgical intervention vs. root planing or

untreated controls; one vs. APF + vestibulopl-

asty and four vs. APF + allogeneic grafts. The

overall weighted mean differences were sta-

tistically significant in favor of APF + autoge-

Table 2. Comparison of mm of keratinized tissue within each group and between groups

Keratinized tissue

Group CTG Group CM

Patient no. 0 day 30 days 90 days 180 days 0 day 30 days 90 days 180 days

1 1 2 3 3 0 2 2 3
2 0 6 6 6 1
3 0 5 3 4 1 3 3 3
4 1 4 4 4 0 4 3 3
5 0 2 2 2 0 2 2 3
6 0 1 1 1 1 3 3 3
7 1 3 2 3 1 3 3 3
8 0 3 2 1 1 3 3 3
9 0 3 2 2 0
10 0 1 1 1 0 4 3 3
11 1 4 4 4 0 3 2 2
12 1 3 2 2 1 3 2 2
Mean 0.42 3.17 2.67 2.75 0.50 3.0 2.6 2.8
SD 0.51 1.53 1.44 1.55 0.52 0.67 0.52 0.42
95% CI 0.09, 0.74 2.2, 4.14 1.76, 3.58 1.77, 3.73 0.17, 0.83 2.34, 3.67 2.23, 2.97 2.50, 3.1
Median 0 3 2 2.5 0.5 3 3 3
95% CI 0, 1 2, 4 2, 4 1, 4 0, 1 2, 4 2, 3 2, 3
Statistics for Group 0.2151 Statistics for Time 80.6908 Statistics for Group 9 Time 0.089
P-value 0.643 P-value 0 P-value 0.938

CTG, connective tissue graft; CM, collagen matrix; CI, confidence interval. A Brunner–Langer model was applied to compare four time points (within-subject
factor) and two groups (between-subjects factor). Values changed significantly (95%) over time but no treatment effect and of no interaction between
treatment and time was found.

Fig. 4. Changes across time in the amount of kerati-

nized tissue. Comparison between the collagen matrix

(CM) and the connective tissue graft (CTG).
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nous grafting, despite the large heterogeneity

between the studies.

To overcome some of the shortcomings

associated with the use of autogenous tissue,

research activities have focused on the devel-

opment of alternative techniques and materi-

als. In the late 1980s, allogeneic devices were

introduced in mucogingival surgery predomi-

nantly as replacement for the classical FGGs.

Among these allogeneic devices, the ADMG

(Alloderm®; Life Cell Corporation) was used

most frequently. The ADMG was originally

developed for covering full-thickness burn

wounds (Wainwright 1995). Intra-oral applica-

tions included procedures to increase the

width of keratinized tissue, to cover reces-

sion defects, and to deepen the vestibular for-

nix (Aichelmann-Reidy et al. 2001; Wei et al.

2002; Harris 2003; Andrade et al. 2008).

Several clinical studies have evaluated this

allograft for its capability to increase the

width of keratinized tissue around teeth and

dental implants (Wei et al. 2002; Park 2006;

Yan et al. 2006). Park (2006) in a prospective

case series evaluating ADM to increase the

width of KM around implants reported a

mean increase of 2.2 mm at 6 months, with

a significant contraction of the grafted area

(58%). Wei et al. (2002) compared the clinical

efficacy of ADM with CTG in achieving

increased keratinized tissue around implants.

Although there was a statistically significant

increase in both groups, this gain in kerati-

nized tissue was significantly higher in the

CTG when compared with ADM (5.5 mm vs.

2.5 mm) and also the contraction associated

with this allograft was substantial (71%).

More recently tissue-engineered products

based on the use of cell substitutes, tissue-

inducing substances (biologic mediators), and

scaffolds of natural or synthetic origin have

been developed and tested for this indication

as substitutes for autogenous grafting. The

HF-DDS (Dermagrafts; Advanced Tissue

Sciences Inc.) and a human skin equivalent

(BCT, Apligrafs; Organogenesis, Canton, MA,

USA) have been investigated in comparison

with FGGs to increase the width of kerati-

nized tissue (McGuire et al. 2008; Nevins

2010; Nevins et al. 2010). The amount

of new keratinized tissue obtained with the

HF-DDS was significantly inferior to what

was obtained with the FGG (2.4 mm vs.

4.5 mm, respectively). With the human skin

equivalent no clinical results have been yet

reported.

Collagen devices from xenogenic origin

have been extensively used in clinical

dentistry, mostly as collagen barrier mem-

branes in guided bone regeneration and

guided tissue regeneration procedures (Ham-

merle & Jung 2003) and for the management

of extraction sockets (Jung et al. 2004). In

this investigation, the native collagen struc-

ture of the collagen device has been modified

Table 3. Descriptive statistics of secondary variables

Gingival Index Probing depth (mm) Recession (mm) Vestibular depth (mm)

CTG CM CTG CM CTG CM CTG CM

0 day
Mean (SD) 0.5 (0.67) 0.73 (0.9) 2.08 (0.99) 2 (0.73) 0.67 (1.07) 1.08 (1.44) 4.17 (3.27) 2.20 (3.19)
Median (CI) 0 (0, 1) 0.5 (0, 2) 2 (1, 3) 2 (1, 3) 0 (0, 2) 1 (0, 3) 6 (1, 7) 1 (0, 5)

30 days
Mean (SD) 0.17 (0.39) 0.5 (0.71) 2.17 (1.03) 1.7 (0.67) 1.08 (1.38) 1.4 (0.97) 5.67 (2.27) 4.1 (2.56)
Median (CI) 0 (0, 0) 0 (0, 0) 2 (1, 3) 2 (1, 2) 0 (0, 3) 1.5 (0, 2) 6 (3, 7) 4 (3, 6)

90 days
Mean (SD) 0.25 (0.62) 0.3 (0.67) 2.42 (1.24) 1.7 (0.95) 1.17 (1.27) 1.4 (1.08) 6 (2.89) 4.6 (2.95)
Median (CI) 0 (0, 0) 0 (0, 0.25) 2.5 (1, 4) 1.5 (1, 2) 1 (0, 2) 1.5 (0, 3) 6 (3, 9) 4 (3, 7)

180 days
Mean (SD) 0.33 (0.65) 0.2 (0.63) 2.08 (1.08) 1.6 (0.52) 1.17 (1.27) 1.5 (1.08) 6 (2.89) 5.1 (2.47)
Median (CI) 0 (0, 0.75) 0 (0, 0) 2 (1, 3) 2 (1, 2) 1 (0, 2) 1.5 (0, 3) 6 (3, 9) 4.5 (3, 7)

180 � 0 days
Mean (SD) �0.17 (0.94) �0.6 (1.08) 0.00 (1.13) �0.4 (1.07) 0.5 (1) 0.40 (1.51) 1.83 (1.59) 2.9 (2.23)
Median (CI) 0 (�1, 0) 0 (�2, 0) 0 (�1, 1) 0 (�2, 1) 0 (0, 1) 0 (0, 1) 2 (0, 3) 2.5 (1, 6)

Intra-group P-value 0.59 0.13 1.00 0.34 0.25 0.63 0.0078 0.0039
CTG vs. CM P-value 0.22 0.45 0.87 0.28

Statistically significant P-values (P<0.05) are in bold. Paired differences “180 days minus baseline” were calculated within each group (intra-group P-value)
and compared between groups (CTG vs. CM P-value). CTG, connective tissue graft; CM, collagen matrix.

Fig. 5. Changes across time in the vestibular depth

(VD). Comparison between the collagen matrix (CM)

and the connective tissue graft (CTG).

Fig. 6. Comparison between the collagen matrix (CM)

and the connective tissue graft (CTG) withregard to the

amount of anti-inflammatory medication taken (Ibupro-

fen®).

Fig. 7. Differences in surgical time. Comparison

between the collagen matrix (CM) and the connective

tissue graft (CTG).
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to change the barrier properties of a collagen

membrane to a porous CM with the purpose

of serving as a scaffold for soft tissue integra-

tion. Its intended mechanism of action is by

acting as a scaffold that allows the ingrowth

and repopulation of fibroblasts, blood vessels,

and epithelium from surrounding tissues,

eventually being transformed into keratinized

tissue. This behavior has been confirmed in

experimental studies comparing two proto-

type CMs, one leading to the final commer-

cial product (Mucograft®; Geistlich Pharma

AG) used in this investigation. The histologi-

cal evaluation at 6 months after implantation

showed a safe integration of the experimental

CMs into the surrounding tissue without any

signs of inflammation and the attainment of

a significant increase in thickness and width

of the keratinized tissue (Jung et al. 2011). A

similar xenogeneic collagen material,

although with a different composition was

also tested with the goal of promoting soft

tissue augmentation when placed submerged

under the flap in chronic ridge defects in

dogs. The results showed a statistically sig-

nificant gain when compared with the sham-

operated control and similar volumetric gains

when compared with the subepithelial

connective tissue (Thoma et al. 2010).

Also this soft tissue substitute xenogeneic

material has been recently tested clinically

in humans. In a controlled prospective clini-

cal trial evaluating this CM for augmenting

the band of keratinized tissue around pros-

thetic abutments, it rendered similar results

when compared with the gold standard (sub-

epithelial CTGs) (Sanz et al. 2009). Its use in

large mucosal defects has also reported good

clinical outcomes (Herford et al. 2010).

In this study the application of the CM

provided at 30 days an augmentation in kera-

tinized tissue of 3.0 (0.7) mm, which is com-

parable with the similar gains attained with

the control treatment, the free CTG (3.08

(1.5)). It is noticeable, however, that the

application of the CM demonstrated more

consistent results as shown by the differ-

ences in the standard deviation obtained (0.7

vs. 1.5). These results were almost identical

to the previous clinical trial carried out by our

research group using the same study material,

also for the same clinical indication, although

combining sites with teeth and implants as

prosthetic abutments (Sanz et al. 2009). In

this study the results were a gain in kerati-

nized tissue of 2.8 (1.0) mm, almost identical

to the 2.9 (0.7) mm obtained in this investiga-

tion. Also similar to the previous study, the

patients treated with the CM reported lesser

pain and need of post-operative anti-inflam-

matory medication when compared with the

control group (CTG), although in this investi-

gation these differences were not statistically

significant. The differences between both

studies are not due to the experimental group

since in the patients treated with the CM the

amount of pain was very low (visual analogue

scale pain scores lower than 2) and the

amount of needed medication was also minor

(<2000 mg), The lack of statistical difference

is due to the lesser pain and need of medica-

tion reported in the group treated with the

autograft, which may be due to the patient

profile, since in this investigation many

patients were edentulous, which may account

for the reduced pain in the donor site.

When these CMs have been used in the

treatment of localized gingival recessions

(McGuire & Scheyer 2010), they have also

rendered good results (�88% root coverage),

although slightly inferior to the use of autog-

enous CTGs (99%). In the present study, we

have corroborated these previous results dem-

onstrating a consistent creation of a stable

band of keratinized tissue and deepened ves-

tibule in sites with minimal or absent KM

around dental implants. These results apply

specifically to implants placed in the mandi-

ble, since the vast majority of patients trea-

ted in this investigation had mandibular

implants. The width of this new KM and the

depth of the vestibule was of similar dimen-

sions as the gold standard treatment (the

CTG from the palate) (2.8 mm vs. 2.75 mm,

respectively), although the use of the CM

provided more predictable results (standard

deviations at 6 m of 0.42 mm vs. 1.54 mm,

respectively).

The integration of both graft materials and

the esthetic results were excellent in both

groups, without any soft tissue complica-

tions. The surgical time employed was

shorter in the CM group, when compared

with the CTG (32.5 min vs. 46.2 min, respec-

tively), although these differences were not

statistically significant.

In spite of the scarcity of information

concerning the importance of the KM around

dental implants and its effect on the peri-

implant tissue health, clinical studies have

confirmed that the lack of KM around

implants correlated with plaque accumula-

tion and soft tissue inflammation (Chung

et al. 2006). Moreover, recent studies have

shown a positive correlation between lack or

presence of minimal amounts of KM and

mucosa recession (Artzi et al. 2006; Chung

et al. 2006; Zigdon & Machtei 2008),

although a direct relationship with bone loss

around implants or reduced implant survival

rates has not been demonstrated (Grusovin

et al. 2008).

In conclusion, the results of this study

prove that the use of this xenogeneic CM,

when used as a soft tissue substitute aiming

to increase the width of KM around dental

implants in the mandible was as effective

and predictable as the connective tissue

auto-graft.
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