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Purpose: To assess the esthetic and functional outcome, as well as the volume maintenance, of
autogenous block grafts placed in anterior sextants of thin periodontal biotype subjects over a
long-term period. Materials and Methods: Fifteen consecutive patients were followed up yearly
for an average of 40 months after autogenous block grafting. Preoperative and postoperative
cone beam computed tomographic scans were analyzed to evaluate bone volume maintenance
around the implants placed in the grafted sites. Clinical parameters (mucosal recession and implant
transparency through the soft tissue) were assessed at prosthesis delivery and follow-up to evaluate
the esthetic outcome. Digital photographs were used to confirm clinical outcomes. Results: The
average augmentation per site was 2.2 times the initial buccolingual (BL) width, and 97% of the
augmented width was maintained after 3.3 years. The difference between preaugmentation and
postaugmentation BL width, 3.3 versus 7.4 mm, was statistically significant (P <.0001; Cl 95%: 3.4
to 4.9 mm). There was a lack of implant transparency or mucosal recession around the implants
in all 15 patients after an average of 40 months. Conclusions: Autogenous block grafting seems
to be a predictable treatment modality to reconstruct alveolar ridge defects in the long term. A
thin periodontal biotype did not seem to affect the volume of transplanted bone for the population
studied. Int J Oral Maxillofac Implants 2011;26:325-332

Key words: alveolar ridge augmentation, bone graft, bone regeneration, bone transplant,
endosseous implants, volumetric computed tomography

1PhD Candidate, Department of Immunology, Microbiology
and Parasitology, School of Medicine and Odontology,
University of Basque Country, Leioa, Spain; Consultant
Periodontist, Veterans Administration Hospital, Greater Los
Angeles Healthcare System, Los Angeles, California; Private
Practice, Altadena, California.

2Assistant Professor, Advanced Periodontics, University

of Southern California, School of Dentistry, Los Angeles,
California; Private Practice, Pasadena, California.

3Assistant Professor, Advanced Periodontics, University

of Southern California School of Dentistry, Los Angeles,
California.

4Professor and Director, Odontology Clinic, Catholic University
Sacro Cuore, Rome, Italy.

5Deceased, former Professor of Microbiology, Department
of Immunology, Microbiology and Parasitology, School of
Medicine and Odontology, University of Basque Country,
Leioa, Spain.

Correspondence to: Dr Fernando Verdugo, 2028 North Lake
Avenue, Altadena, CA 91001. Fax: +626-797-0523.
Email: fverdugo@perio.org

he long-term stability of onlay bone grafts in

patients with a thin periodontal biotype is not
sufficiently documented. Little is known about the
potential long-term influence of periodontal biotype
on the maintenance of the volume of block grafts.

Ochsenbein and Ross were the first to describe the
normal periodontium as being scalloped and cone-
shaped for the anterior interdental architecture versus
thicker and spherically shaped for posterior areas.! Fur-
thermore, the buccal bony housing was described as
commonly thin, versus thick for the palatal bone. Thin
buccal tissue was more commonly associated with
root fenestrations and dehiscences. In flap surgery,
the blood supply was more advantageous on the pala-
tal aspect because of the thicker alveolar process and
greater ma rrow spaces, leading to less bone resorption
than on the buccal aspect.? Tibbetts et al described
the “normal relationship of marginal alveolar bone to
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gingiva,” pointing out that different periodontiums
within normal limits will invariably present with vary-
ing configurations of gingival and bone thicknesses.?

Seibert and Lindhe* first used the term periodontal
biotype to describe the thickness of the gingiva in the
buccolingual (BL) dimension as being either thick or
thin. A number of studies have suggested that teeth
with a thin biotype are at higher risk for tissue reces-
sion.>® There is also evidence suggesting that, fol-
lowing tooth extraction, significant ridge alterations
occur.”8 Subjects with a thin biotype could be espe-
cially prone to substantial ridge volume loss, resulting
in a challenge for the placement of implants and the es-
thetic outcome.Empirical data suggests that thin tissue
is less resistant to trauma, has a compromised vascular
network, and renders surgical outcomes less predict-
able.2%-1*n contrast, a thick biotype may promote bet-
ter blood supply to the underlying osseous structures,
affecting the early stages of wound healing.>'>' Flap
management may also influence the degree of primary
and collateral blood supply to the underlying onlay
graft, and ischemia could result from a lack of adequate
new angiogenesis if the flap is too thin.'7:18

A sufficient quantity and quality of bone are pre-
requisites for successful implant rehabilitation. Main-
tenance of ridge volume in the anterior sextant is vital
for the esthetic success of implant-supported resto-
rations.'® Patients with atrophied ridges may require
hard and soft tissue grafting prior to implant place-
ment. Autogenous block grafting from intraoral sites
is a predicable technique for successful reconstruc-
tion of ridge defects."

Quasi-experiments are studies that aim to evalu-
ate associations between an intervention (here, bone
grafting) and an outcome (ridge augmentation) with-
out randomization. Similar to randomized trials, quasi-
experiments aim to demonstrate causality between an
intervention and an outcome.?>?! The present quasi-
experimental study aimed to evaluate the functional
and esthetic outcome of dental implants placed in the
anterior region after block grafting in patients with a
thin periodontal biotype. The hypothesis of the present
study was that the volume maintenance of block grafts
in thin biotype patients may be compromised.

MATERIALS AND METHODS

Fifteen private practice patients with a thin periodontal
biotype who were undergoing ridge augmentation in
the anterior region prior to implant placement were in-
cluded in the present study. Enrollment took place be-
tween July 2003 and October 2009. All patients had an
unremarkable medical history. This study was conduct-
ed in accordance with the Helsinki Declaration of 1975,
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as revised in 2000, and all subjects provided informed
consent prior to therapy. Ethical approval was obtained
from the University of Basque Country Ethics Commit-
tee. The sample size (n = 15) was not predetermined for
the present study. Historical data are usually used to
estimate variances and other parameters in the power
function, and there are insufficient historical data in
this regard to establish an adequate sample size.?°

Patients were included in the study on the basis of
having insufficient BL ridge width (< 4 mm) forimplant
placement, as assessed on a preoperative computed
tomography (CT) scan. Patients with uncontrolled
diabetes, a heavy smoking habit (more than half a
pack per day), long-term corticosteroid therapy, a
history of intravenous bisphosphonate use, uncon-
trolled hypertension, or other medical conditions
contraindicating implant therapy were excluded.

Clinical examination revealed generalized gin-
gival recessions with probing depths ranging from
2 to 3 mm. All 15 patients were diagnosed as hav-
ing a thin biotype based on the criteria proposed by
Oschenbein et al'2 thin, cone-shaped, highly scal-
loped architecture and existing gingival recessions
in the anterior sextant. The presence of buccal bony
dehiscences and/or fenestrations was confirmed dur-
ing surgery in all 15 patients. Donor sites were the
mandibular symphysis and ramus. Recipient areas
comprised eight single-tooth replacement sites and
seven multiple-tooth sites (Table 1; Figs 1a and 1b).
All augmentation procedures were performed by the
same experienced periodontist (FV).

The same treatment protocol was followed for all
patients. Four months after ridge augmentation, im-
plants were placed using a two-stage approach. The
implants were uncovered and healing abutments
were placed 3 to 6 months after placement. Fixed pro-
visional restorations were placed 4 weeks thereafter.
Definitive screw-retained restorations were delivered
1 to 3 months after provisionalization.

Cone beam CT scans (NewTom, QR srl) were obtained
at an average of 40 months (Table 1) postaugmentation
to document bone levels and healing of the grafts.

Tomographic and Intrasurgical Measurements
In an attempt to standardize repeated measurements,
the BL width at the recipient site was measured 7 mm
apical to the osseous crest (preoperative) and 5 mm
apical to the implant-crown interface (postaugmenta-
tion). The preoperative and postoperative BL widths
were then compared (Table 1). All measurements
were done by the same calibrated examiner (KS).
Because each cross-sectional cut on the CT scan was
1 mm apart, the midline was used as the reference
point and the same cross-sectional cut was used for
preaugmentation and postaugmentation calculations,
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Table 1 Descriptive Analysis

Age Recipient Donor

Patient (y) Gender site(s) site

1 30 M Lateral incisors Chin

2 42 M R central Chin

3 40 F L lateral Ramus

4 32 M R central Ramus

5 46 M R central Chin

6 57 F Lateral incisors Ramus

7 27 F L lateral and canine  Ramus
8 69 M R central Chin

9 37 F L central Chin
10 36 F L canine Ramus
11 35 F Lateral incisors Ramus
12 68 F R central, L lateral Ramus
13 52 F L lateral Chin
14 25 F Lateral incisors Chin
15 53 F Lateral incisors Ramus
Average 43

Follow-up Recipient Block Recipient Implant
(mo) baseline* thickness postop (%)* size (mm)
35 3 6 9.0 (100) 4% 13
56 4 4.5 8.1 (95) 4 x 15
37 2.5 3.5 5.7 (95) 4% 13
47 3 3.5 6.0 (92) 4x11.5
35 1.5 6.5 8.0(100) 3,25 x 13
38 8.3 3 6.3 (97) 4 x 13
35 3.3 3 6.0 (95) 3.25 X 13
41 &.l3 6.5 9.6 (96) 4 x11.5
45 3 4 7.0 (100) 4x11.5
g3 4 &3 7.2 (96) 4 x 13
32 3.6 3.5 7.0 (99) 4 x13
26 4 3 6.9 (99) 4 x13
72 3 6 9.0 (100) 4x13
28 8.5 5 8.0 (94) 4 %13
42 3.8 3.4 7.0 (97) 4 X 13
40 8.3 4.3 7.4 (97)

All sites were in the maxilla, except for patient 5.

*Baseline and postoperative BL thickness at recipient site (mm). Recipient postoperative % = volume maintained after follow-up.

Figs 1a and 1b Preoperative anterior views of two thin-biotype patients (left: patient 5, right: patient 12).

with a margin of error of 0.5 mm. At the beginning of
the study, the examining clinician underwent a period
of training to achieve a reproducibility of 98% for all lin-
ear measurements to within 0.5 mm.

In addition, the thickness of the symphysis and
ramus block grafts harvested was recorded intrasur-
gically (Table 1) using calipers immediately before
fixation of the grafts.

Surgical Technique
The onlay grafting technique has been described else-
where??23 and is shown in Figs 2 and 3. Briefly, flap

management was performed as follows. Sulcular inci-
sions were done for the anterior sextant teeth (canine
to canine in either arch) and connected with two verti-
cal incisions. A full-thickness mucoperiosteal flap was
raised and continued past the mucogingival junction
(Fig 2). Recipient sites were prepared with intramarrow
penetrations (buccal cortical perforations) only on pa-
tient 5. A one- or two-piece block graft was harvested
from the mandibular symphysis or ramus and fixated to
the recipient site with one or two miniscrews (Ace Sur-
gical) (Figs 3a to 3d). Osseous particles were collected
with a bone scraper (Biomet 3i) to fill in any voids (Figs
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Fig 2 Recipient site in patient 5 before augmentation. A flap is
extended from canine to canine.

Fig 3a A symphyseal block is fixat- Fig 3b Bone particles are used to fill in any voids Fig 3c A noticeable discrepancy

ed with two miniscrews in patient 5. after block fixation. is present between the augmented
site and the alveolar housing of ad-
jacent teeth.

S '. -,E"'." P - 1

Fig 3d Intraoperative view of patient 12. Ramus blocks have Fig 3e Graft sites 4 months later in patient 12.
been fixated, and particulate bone fills the voids.
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3b to 3d). Flaps were released with sharp dissection to
allow tension-free closure. Interrupted sutures were
used to close the flap. After 4 months of healing (Fig
3e), the fixation screws were removed and endosse-
ous implants placed (Figs 4a and 4b). Fixed provisional
restorations were placed 3 to 6 months after implant
placement. Definitive screw-retained restorations were
delivered 4 months later (Figs 5a and 5b).

Clinical Assessment

The patients were examined annually, both clinically
and radiographically. The incisal edge of the implant
crown was used as a reference point to measure muco-
sal recession at the buccal aspect of each augmented
site. Measurements were made at the time of crown
delivery and at the final follow-up appointment. More-
over, implant transparency, ie, any visibility of the im-
plant or abutment through the soft tissue, was assessed
clinically and confirmed using digital photography.2*

Figs 4a (Left) and 4b (Above) Implants were placed immedi-
ately after the miniscrews were removed.

Fig 5a (Left) Definitive screw-retained restorations on patient
5 at 42 months.

Fig 5b (Above) Definitive fixed partial denture restoration on
patient 12 at 26 months.

Statistical Analysis

Descriptive data were expressed as means + stan-
dard deviations. A commercially available software
program (SPSS, version 14, IBM) was used to compare
average BL thickness and to create box plots. The
Student t test was used for paired observations to
analyze values of BL width at baseline and after aug-
mentation. Statistical significance was set at P < .05.

RESULTS

Fifteen subjects (5 men and 10 women) with an average
age of 43.3 + 14 years (range, 25 to 69 years) entered this
study. Periapical radiographs (Fig 6) and a control CT
scan were taken at an average of 40 + 11.6 months
(range, 26 to 72 months) after ridge augmentation to
evaluate the long-term outcome (Fig 7). The average
block thickness was 4.3 + 1.3 mm (range, 3.0 to 6.5 mm).
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Fig 6 Patient 5. Final periapi-
cal radiograph of the implant
in the mandibular right central
incisor site at 35 months.

10 4

BL ridge width (mm)

Baseline width Postaugmentation

Fig 8 Box plot depicting the significant difference in BL width
(P < .0001) preoperative and postoperative.

As shown by CT scans, the average recipient BL width
was 3.3 £ 0.7 mm (range, 1.5 to 4.0 mm) at baseline and
7.4+ 1.2 mm after an average of 3.3 years postaugmen-
tation (Table 1; Fig 7). The difference between preoper-
ative and postoperative BL width was statistically
significant (P < .0001; 95% confidence interval: 3.4 to
4.9 mm) (Fig 8). The average augmentation per site was
2.2 times the initial BL width, and an average of 97% of
the augmented width was maintained after 40 months.
Clinical preoperative and postoperative measurements
showed absence of buccal mucosal recession at the re-
cipient sites in all 15 individuals (P > .05). Digital photo-
graphs taken at yearly intervals confirmed the absence
of mucosal recession and implant transparency in all
15 subjects. The functional and esthetic condition of all
patients has been stable for the period of time followed.
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Fig 7 Preoperative cross-sectional CT image of patient 5 (left).
Postaugmentation cross-sectional CT image of patient 5 at 35
months showing augmented recipient site and donor site bone
repair (right).

DISCUSSION

The present study demonstrated the long-term vol-
ume maintenance of block grafts in 15 augmentation
patients with thin periodontium. The clinical exami-
nations revealed absence of implant transparency
through soft tissues and no mucosal recessions at an
average of 40 months (Figs 5a and 5b). Moreover, the
tomographic evaluation 3.3 years after block grafting
validates the hypothesis that thin periodontal biotype
may have limited or no influence on the healing and
stability of transplanted bone.'® Endosseous implants
were placed 4 months after augmentation and, for the
duration of the study, the grafted sites maintained sig-
nificantly higher bone volume than the alveolar frame
of the adjacent teeth. Implants were loaded at an av-
erage of 9 to 10 months after grafting, and this may
have enhanced bone maintenance and osseointegra-
tion, as shown in an animal study by Berglundh et al.?®

One way to assess osseous volume gain after graft-
ing is surgical re-entry. However, this invasive tech-
nique, which offers no benefit to the patient, raises
serious ethical questions. The method employed in
the present study, CT, has been used as a noninvasive,
precise procedure, thus allowing for quantitative eval-
uation of osseous volumetric changes in endochon-
dral and intramembranous transplants.'®21-23,2>-30
Buchman et al?” used micro-CT for the evaluation of
membranous bone in an animal model. The technique
was highly accurate in measuring changes in bone
stereology, bone volume, and microarchitecture.
Other authors have suggested that the accuracy and
reproducibility of caliper or cephalometric measure-
ments may be questionable due to bone irregularities
and human error.?’-2° The clinical applications of CT
scans are multiple, and the technique can aid in diag-
nosis and treatment planning prior to implant place-
ment, as well as assessment of regenerative therapy
outcomes 3031
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Some authors have expressed concern that a thin
periodontal biotype may compromise collateral blood
supply and impair wound healing, and have suggest-
ed that thick flaps might promote better circulation
to the underlying osseous structures, assisting in the
initial stages of healing.’>'8 Indeed, rapid vascular-
ization of the block graft is paramount for successful
neo-osteogenesis.3? Cortical transplants seem to be
penetrated by blood vessels in as little as 6 days and
completely revascularized in 1 to 2 months.3334

It would seem reasonable to expect a greater loss
of bone volume in patients who present a highly scal-
loped architecture, bone dehiscence, or fenestrations
compared to patients with a thick, flat architecture.
Also, one could speculate that a patient’s genotype
would induce more pronounced changes, in terms of
volume loss, in thin-biotype patients, to compensate
for the osseous architecture of the adjacent teeth.
Thus, the biotype of adjacent teeth could dictate the
degree of volume loss at the transplanted site. How-
ever, in this study of thin-biotype patients, CT scans
(obtained at average of 40 months postaugmenta-
tion) demonstrated that approximately 97% of the
augmented BL width was maintained (Fig 7b). Hence,
a thin periodontal biotype did not seem to have an
effect on the volume integrity of the augmented sites,
suggesting that the underlying recipient periosteal
and marrow blood supply may be sufficient for the
healing of the transplanted bone.

Contradictory results have been reported on the ef-
fect of barrier membrane coverage of block grafts.3>36
One study concluded that onlay bone graft volume
is maintained better when the graft is covered with
a resorbable membrane.3® However, the results of the
present study question the advantage of barrier mem-
branes on onlay grafts. Recent research has suggested
that periosteal preservation is as effective as a barrier
membrane in protecting combined particulate/block
grafts in advanced human critical-size defects.3”-38

With autogenous bone grafting, morbidity at the
donor site is a concern. The mandibular symphysis is
an excellent source for harvesting block grafts and
provides good access.?'?? However, postoperative
complications, such as altered sensation or paresthe-
sia, have been reported. In a long-term retrospective
examination of 60 patients who underwent symphy-
sis harvesting, Weibull et al?® reported 7.6% impaired
soft tissue tactility and sensitivity and 1% apical pa-
thology. Cephalometric evaluation of the donor site
in a subgroup of 45 patients showed good remineral-
ization in 42 patients (93.3%). Complications follow-
ing ramus harvesting are less common and include
paresthesia of the facial mucosa related to buccal
nerve injury.*° Three patients from the present study
reported altered sensation of the buccal gingiva up to

the fourth month. This altered sensation, categorized
as hypoesthesia,*’ was transient and resolved by the
fifth month. No apical pathology around the mandib-
ular teeth was detected at 40 months.

The normal cascade of physiologic healing events
in response to injury might have favored donor site
bone repair. This process was proposed by Frost*? as a
regional accelerated phenomenon of increased bone
turnover in response to noxious stimuli.

Whereas a large, randomized sample size would
have given this research higher statistical power to es-
tablish causality, the nature of the present study did not
afford such a luxury. As proposed by Harris et al,?° when
itis known that only a small sample size will be available
to test the efficacy of an intervention, randomization
may not be a viable option and a quasi-experimental
design?' can be used. Randomization is beneficial be-
cause it tends to evenly distribute both known and
unknown confounding variables. However, researchers
often choose not to randomize an intervention for such
reasons as ethical considerations, difficulty of random-
izing subjects, or a small available sample size.?'

Further investigation is warranted to evaluate os-
seous repair after harvesting?' and whether bone
substitutes are indeed necessary to foster bone re-
generation at the donor site.

CONCLUSIONS

Within the limitations of the present study, autog-
enous osseous transplants can predictably restore
function and esthetics of anterior ridge defects and
appear to maintain long-term stable bone volume
around endosseous implants, regardless of a thin
periodontium. A thin periodontal biotype did not
significantly affect the volume integrity of adjacent
transplanted grafts in the present patient population.
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