Effect of Intact Periosteum on Alveolar Ridge Contour
Stability after Horizontal Guided Bone Regeneration in
the Posterior Region: a Retrospective and Radiographical
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Objective: To radiographically evaluate the effect of intact periosteum in guided bone regener-
ation (GBR) for the treatment of peri-implant ridge defects in posterior region.

Methods: Twenty-eight patients who satisfied the criteria were included in this study. Buccal
dehiscence defects were regenerated using demineralised bovine bone mineral (DBBM). Subjects
were divided into two groups: the control group (conventional GBR, buccal trapezoidal flap and
DBBM with collagen membrane coverage, n = 14) and the test group (modified GBR, buccal
pouch and DBBM with collagen membrane coverage, n = 14). CBCT images obtained immedi-
ately after and 3 to 7 months following GBR were used to assess buccal bone thickness (BBT) at
alevel of 0, 2, 4 and 6 mm below the implant platform.

Results: Immediately after surgery, BBT at 0 mm and 2 mm below the implant platform
presented a significant difference between the two groups (P < 0.05) with significantly thicker
buccal bone in the control group in terms of BBT-0 (3.83 + 1.01 mm) and BBT-2 (4.88 + 1.15
mm) than in the test group (2.33 + 0.66 mm and 3.60 + 1.10 mm, P = 0.000 and P = 0.008,
respectively). After 3 to 7 months of healing, the BBT at all levels showed no significant differ-
ence between the two groups (P > 0.05), but more bone graft resorption (BBR) in the control
group in terms of BBR-0 (2.45 + 1.14 mm), BBR-2 (2.09 + 0.94 mm) and BBR-0% (65.37% +
26.62%) than the test group (BBR-0 1.07 + 0.51 mm, P = 0.001; BBR-2, 1.22 + 0.63 mm, P =
0.008; BBR-0% 45.70% + 15.52%, P = 0.024).

Conclusion: In the short term, all treatment modalities achieved similar coronal BBT and the

intact periosteumn had a positive effect on keeping ridge dimensions even.
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Guided bone regeneration (GBR) using particulate bone
graft with a collagen membrane is commonly employed
to resolve peri-implant ridge defects'3; however, the sta-
bility of alveolar ridge contour after GBR surgery is unpre-
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dictable, as up to 68.9% of the augmented alveolar ridge
dimension may collapse horizontally.*” The potential
mechanisms were apical displacement of bone graft>%°
and its accelerated resorption!%!! for an unstable mech-
anical environment in the augmented implant sites gen-
erated due to pressure from the perioral muscles.

The periosteum is a specialised, vascularised con-
nective tissue anchored to the surface of bone and has
two distinct layers: the outer fibrous layer containing
fibroblasts, nerves, vessels and Sharpey fibres, and
the inner cambium layer containing the osteopro-
genitors!'?1>. Due to the lower elasticity of its fibrous
layer, a buccal trapezoidal mucoperiosteal flap with
a periosteal incision at the mesial, distal and apical
sites is needed to achieve primary tension-free wound
closure in GBR surgery'®17. Consequently, the buccal
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trapezoidal flap cannot withstand the pressure from
the perioral muscles, forcing the bone graft materials
to be displaced apically during healing®%°. In addition,
the mesio, distal and apical tension-releasing incisions
not only increase the postoperative reaction and nerve
injury complications!®, but also reduce the blood sup-
ply from the buccal soft tissue flap to the bone graft
material underneath.

The application of a buccal trapezoidal mucoperi-
osteal flap has been challenged recently by the subperi-
osteal tunnelling technique!®-?? and the intrabony defect
reconstruction associated with peri-implantitis?3-2,
through which successful bone regeneration has been
achieved with a punch flap!%2%23-25 Successful bone
regeneration may be attributed to the intact periosteal
fibrous layer in the tunnelling technique and the intra-
bony defect within peri-implantitis to confine the bone
graft within the pocket or defect.

To take advantage of the properties of the perios-
teum to perform GBR in a minimally invasive manner,
this study proposes a modified GBR procedure: after
making an incision at the bone crest, a mucoperiosteal
flap is elevated buccally to form a pouch between the
buccal bone plate and the elevated periosteum. The
particulate bone graft with collagen membrane is
grafted into the pocket after implant placement. The
mucoperiosteal flap is sutured with a transmucosal
healing abutment. The purpose of the present study
was to retrospectively and radiographically investigate
the role of the intact periosteum on the stability of al-
veolar ridge contour after GBR; that is, whether there
were differences in ridge contour between the conven-
tional GBR procedure (control group) and the modified
GBR procedure (test group).

Materials and methods

Patient selection

All patients were informed of the treatment protocol
and signed an informed consent form. The study was
conducted in accordance with the 1975 Declaration
of Helsinki as revised in 2013. The study protocol was
approved by the Institutional Review Board of Peking
University School and Hospital of Stomatology, Beijing,
China (approval no. PKUSSIRB-202385015), and the
Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines were followed.

A total of 61 consecutive patients who underwent
GBR during implant placement at the Department of
Oral and Maxillofacial Surgery of Peking University
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School and Hospital of Stomatology in Beijing, China
from January 2019 to April 2023 were included in this
retrospective study. The inclusion criteria were as fol-
lows:

+ aged 19 years or older;

+ a single missing maxillary or mandibular posterior
tooth with intact mesial and distal adjacent teeth;

+ a buccal dehiscence defect at the time of implant
placement;

« three sets of CBCT data available (T0, preoperative;
T1, immediately after dental implantation and GBR
surgery; and T2, 3 to 7 months after surgery).

The exclusion criteria were as follows:

« more than one missing tooth at the surgical site;

« combined horizontal and vertical peri-implant defect
at the buccal site;

+ palatal or lingual peri-implant bone defect;

« CBCT data with severe artifacts or not available;

+ ongoing use of immunosuppressants, corticosteroids
or bisphosphonates;

« smoking more than 10 cigarettes per day.

GBR procedures

All surgical procedures in this study were performed by
one oral surgeon (Duan DH). In the control group, GBR
was performed using a conventional trapezoidal flap
with vertical and periosteal releasing incisions. After
local infiltration anaesthesia, a mid-crestal incision
was made at the edentulous site, and vertical releasing
incisions were placed at the line angles of the imme-
diately adjacent mesial and distal teeth. Full-thickness
buccal and oral flaps were raised. According to the
manufacturer’s instructions, a 10-mm-long tissue-level
implant (Standard Plus, Straumann, Basel, Switzerland)
was placed in a prosthetically driven position with a
cover screw placed. A collagen membrane (Bio-Gide,
Geistlich, Wolhusen, Switzerland) was trimmed, placed
buccal to the ridge and fixed apically with a minimum of
two titanium tacks. Deproteinised bovine bone mineral
(DBBM) (Bio-Oss, Geistlich) was placed over the buccal
dehiscence defect up to the smooth-rough implant inter-
face. The membrane was stretched tightly over the graft
and fixed with titanium pins. Periosteal releasing inci-
sions were made along the buccal flap to achieve passive
primary wound closure along with resorbable sutures
(Jiahe Medical Materials, Changsha, China) (Fig 1).

In the test group, a buccal pouch design without
periosteal or vertical releasing incisions was used.
After administering local infiltration anaesthesia, a
mid-crestal incision was made at the edentulous site,
and a minimally invasive full-thickness buccal flap was
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Fig 1 Surgical protocol for the control group. (a) Occlusal view of the mandibular left first molar implant site. (b) Thin buccal bone
plate after implant osteotomy site preparation. (c) Buccal dehiscence defect after implant placement. (d) Bone graft covered by
collagen membrane. (e) Buccal trapezoidal flap with periosteal releasing incision. (f) Primary wound closure with resorptive suture.

Fig2 Surgical protocol for the test group. (a) Occlusal view of the mandibular left first molar implant site. (b) Buccal bone defect
after implant osteotomy site preparation. (c) Buccal dehiscence defect after implant placement. (d) Collagen membrane inserted
into the buccal pouch. (e) Bone graft covered with collagen membrane and restricted within the buccal pouch. (f) Non-primary wound

closure with resorbable suture.

elevated mesially, distally and apically to form a pouch
with an approximate dimension of 12 mm (apicocoro-
nal) by 15 mm (mesiodistal). Following the manufac-
turer’s instructions, a 10-mm-long tissue-level implant
was placed in a prosthetically driven position (Standard
Plus), and a 3-mm-tall healing abutment was placed.
The buccal dehiscence defect was grafted over with
DBBM up to the smooth-rough implant interface. A col-
lagen membrane (Bio-Gide) was inserted between the
flap and the graft. The site was sutured (Vicryl Rapide,
Ethicon, Somerville, MA, USA), leaving the healing
abutment exposed (Fig 2).

Following surgery, patients were prescribed an anti-
biotic (500 mg amoxicillin, p.o, b.i.d) and an analgesic
(600 mg ibuprofen p.o, t.i.d) for 7 days. They were
instructed to rinse twice daily for 30 seconds with 0.12%
chlorhexidine gluconate. Sutures were removed 7 to 14
days after surgery. Patients were recalled on a monthly
basis after implantation to monitor healing. In the con-
trol group, re-entry surgery was performed after 3 to 7
months, and taller healing abutments were placed as
needed. All patients were referred to their prosthetic
dental practitioner for restoration 3 to 7 months after
surgery.

Radiographic evaluation

CBCT scans were taken of all sites using a CBCT machine
(3DX Accuitomo, Morita, Kyoto, Japan) with a field of
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view (FOV) with a diameter of 10 cm and height of 5.6
cm, acceleration voltage of 90 kV, beam currency of
8.0 mA and voxel size of 0.2 mm at three different time
points: preoperatively (T0), immediately after implant
placement/GBR (T1) and 3 to 7 months after implant
placement/GBR (T2) (Fig 3). The data were exported as
DICOM files and a CBCT measurement protocol was
established. To determine the preoperative alveolar
ridge contour with respect to the implant position, the
T1 DICOM data set was transferred to Mimics software
(version 15.0, Materialise, Leuven, Belgium). After seg-
mentation, the 3D models of the arch and implant were
exported as stereolithography (STL) files and superim-
posed with the T0O DICOM data to calculate the implant-
relative buccal contour at TO. A reference plane was set
at the smooth-rough implant interface (Fig 4).

The following variables were measured on the buc-
co-oral cross-section perpendicular to the central axis
of the implant?6:27:

+ Buccal bone thickness (BBT-0 to BBT-6), which was
the bone thickness buccal to the implant surface at 0,
2, 4 and 6 mm coronal to the reference plane), meas-
ured at TO, T1 and T2. Negative values were used for
alveolar positions palatal or lingual to the buccal im-
plant surface at TO.

+ Buccal bone level (BBL), which was the vertical dis-
tance from the reference plane to the alveolar crest at
the mid-buccal implant surface, measured at T0, T1
and T2. The virtually derived implant was used for the
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Fig 3 Alveolar ridge contour on the bucco-oral section at TO
(aand d), T1 (b and e) and T2 (c and f) in the control group
(ato c) and test group (d to f).

T0 measurement. Negative values were used for hard
tissue levels coronal to the reference plane.

+ Buccal bone resorption (BBR-0 to BBR-6), which was
the change in BBT from T1 to T2 at 0, 2, 4 and 6 mm
coronal to the reference plane.

« BBL change (BBLC), which was the change in BBL
from T1 to T2.

An experienced and calibrated assessor (Duan DH) per-

formed the CBCT measurements, which were repeated

twice and then averaged. Calibration was performed
using 20 implant sites. The coefficients of intra-examin-

er repeatability for BBT and BBL were at least 0.90.

Statistical evaluation

Data from a previous study?® were used to calculate
the necessary sample size. In that study, the final hori-
zontal bone thickness at 6 months was 1.66 mm in the
membrane group and 1.02 mm in the non-membrane
group?®. Using a free online calculator (http://powerand-
samplesize.com/Calculators/Compare-2-Means/2-Sam-
ple-Equality) with a significance level of 0.05, standard
deviation of 0.59 and a power of 80%, the number of
patients per group required in this study was deter-
mined to be 14, to give a total of 28 patients.

Statistical analysis was performed using SPSS soft-
ware (version 22.0, IBM, Armonk, NY, USA). The mean
and standard deviation (SD) for each parameter were
calculated for each of the three treatment groups.
Parametric (Student t test, one-way analysis of variance
[ANOVA]) or non-parametric tests (Mann-Whitney) were
used to test the differences between the two groups,
depending on the normal distribution of data. For cat-
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Fig4 Measurement of the thickness of the buccal bone plate
at different levels below the smooth-rough implant interface.
(a) Measurement before surgery (registration with the CBCT
mandible and implant model immediately after surgery).
(b) measurement immediately and 5 months after surgery.

egorical variables, a chi-square analysis was used. The
level of statistical significance was set at P < 0.05.

Results

The flowchart for the experiment is shown in Fig 5. A
total of 61 patients were included in the initial screen-
ing, but 33 were excluded due to incompatibility with
the eligibility criteria. A total of 28 patients with 28
implants were included for statistical analysis (control
group, n = 14; test group, n = 14). The study population
included 10 men (35.71%) and 18 women (64.29%),
with a mean age of 44.11 + 11.91 years (range 24 to 74
years) and a mean T1 to T2 interval of 5.21 + 1.50 months
(range 3 to 7 months) showing no significant differences
between the two groups (P > 0.05). There were no sig-
nificant differences in age, sex or healing time between
the two groups (P > 0.05). Of the 28 dental implants, two
were placed in maxillary molar sites (control group, n =
0; test group, n = 2), four in mandibular premolar sites
(control group, n = 1; test group, n = 3), and 22 in man-
dibular molar sites (control group, n = 13; test group, n
=9); there were no significant differences in implant site
distribution between the groups.

Table 1 presents the outcomes at each time point. At
baseline (T0), there were no significant differences in
BBT at any level or in BBL (P > 0.05) between the groups.
The mean BBT-0 was -1.28 + 0.91 mm in the control
group and —1.37 + 1.38 mm in the test group. The corre-
sponding values for BBT-2 were 0.62 + 0.90 mm and -0.30
+1.50 mm, respectively. The BBL, equivalent to the dehis-
cence length (apicocoronally), was -2.15 + 2.45 mm in
the control group and —1.53 + 4.56 mm in the test group.
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61 cases

GBR together with implant placement in
L posterior area from January 2019 to April 2023

38 cases: Conventional GBR ]

{ 23 cases: Modified GBR J

Excluded (n=24)

* CBCT with severe artifacts (n=2)
+ CBCT non-available (n=1)

peri-implant bone defect (n=10)
« oral bone defect (n=2)

+ > | consecutive missing teeth (n=9)

* combined both horizontal and vertical

k.

Excluded (n=9)

+ CBCT with severe artifacts (n=1)

« > 1 consecutive missing teeth (n=4)

+ combined both horizontal and vertical
peri-implant bone defect (n=3)

« oral bone defect (n=1)

Control group: 14 cases } [Test group: 14 cases J
Fig5 Experimental flowchart.
Table 1 Mean alveolar ridge dimensions at different time points.
e po ariable 0 ol group 4 e group ) D aroup P va
BBT-0, mm -1.28+0.91 -1.37+1.38 0.10 0.828
BBT-2, mm 0.62+0.90 -0.30£1.50 0.91 0.063
TO BBT-4, mm 1.67 +1.29 0.94 +1.58 0.72 0.197
BBT-6, mm 2.70+1.61 1.74+1.84 0.96 0.156
BBL, mm -2.15+2.45 -1.53 £4.56 -0.62 0.661
BBT-0, mm 3.83+1.01 2.33+0.66 1.50 0.000**
BBT-2, mm 488+1.15 3.60+1.10 1.28 0.006**
T1 BBT-4, mm 5.34+1.34 4.40+1.44 0.93 0.088
BBT-6, mm 5.18+1.67 4.51+1.63 0.67 0.292
BBL, mm 1.80£1.22 1.38£0.59 0.42 0.266
BBT-0, mm 1.38+1.24 1.26 £ 0.55 0.11 0.755
BBT-2, mm 279+1.16 2.38+0.94 0.41 0.318
T2 BBT-4, mm 3.97+1.43 3.51+1.32 0.46 0.388
BBT-6, mm 4.39 +1.80 3.91+1.48 0.48 0.450
BBL, mm 0.49+0.76 0.77 £0.71 -0.27 0.335
BBR-0, mm 245+1.14 1.07 £ 0.51 1.38 0.007**
BBR-2, mm 2.09 £0.94 1.22+0.63 0.87 0.008**
BBR-4, mm 1.36+1.14 0.89+0.75 0.48 0.202
BBR-6, mm 0.79+1.46 0.60 + 0.55 0.19 0.649
T1-T2 BBLC, mm 1.31+1.10 0.62+0.67 0.69 0.057
BBR-0% 65.37 £26.62 45.70 £ 15.52 19.67 0.024*
BBR-2% 43.49 £ 15.55 34.86 +15.39 8.62 0.152
BBR-4% 25.56 £ 19.22 20.75+15.43 4.81 0.472
BBR-6% 12.46 £ 33.63 12.74 £11.54 -0.29 0.976

*P <0.05,**P <0.01
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Immediately after surgery (T1), BBT-0 and BBT-2
were significantly different between groups (P < 0.05),
with the control group showing statistically significant-
ly greater BBT-0 (3.83 + 1.01 mm) and BBT-2 (4.88 £ 1.15
mm) than the test group (2.33 £ 0.66 mm and 3.60 + 1.10
mm, respectively). There was no significant difference
in BBL between the groups at T1.

After 3 to 7 months (T2), there were no differences in
BBT at any level or BBL between the groups (P > 0.05).
From T1 to T2, the control group demonstrated statis-
tically greater graft resorption in millimetres (BBR-0,
2.45 + 1.14 mm and BBR-2, 2.09 + 0.94 mm) and as a
percentage (BBR-0% 65.37% + 26.62%) than the test
group (BBR-0 1.07 + 0.51 mm, BBR-2 1.22 + 0.63 mm,
BBR-0% 45.70% + 15.52%; P = 0.001, 0.008 and 0.024,
respectively); however, there were no differences in
the percentage of buccal graft resorption or in BBLC
between the groups.

Discussion

This retrospective cohort study investigated the impact
of intact periosteum on buccal ridge dimensions in the
short term after simultaneous GBR and implant place-
ment in single posterior sites. The conservative buccal
pouch approach, introduced in this study, successfully
increased BBT and resolved dehiscence defects, similar
to the conventional flap design.

Designing flaps with vertical and periosteal releasing
incisions for the purpose of achieving primary wound
closure has been the preferred approach to GBR%17;
however, incising the periosteum may have negative
effects on GBR as it is composed of two layers: an
inner cambium layer containing vascular and osteo-
genic cells, and an outer inelastic fibrous layer!?™,
Additionally, violating the periosteal outer layer can
result in a flap that is too weak to withstand pressure
from the perioral muscles, potentially leading to apical
graft displacement>%°. Thus, surgeons may try to over-
augment sites to compensate for bone graft resorption
or use rigid support structures such as tenting screws,
titanium plates and titanium mesh to mitigate bone
graft displacement!%,2%:30,

In the present study, over-augmentation in the test
group was restricted due to the taut nature of the intact
periosteal fibrous layer compared with the control
group. This was reflected by significantly thicker buccal
bone in the control group in terms of BBT-0 (3.83 + 1.01
mm) and BBT-2 (4.88 + 1.15 mm) than in the test group
(2.33 £ 0.66 mm and 3.60 + 1.10 mm, P = 0.0000 and P
= 0.006, respectively); however, after 3 to 7 months of
healing (T2), the BBT at all levels showed no significant
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difference between the two groups with BBT-0 of less
than 2 mm (1.38 + 1.24 mm and 1.26 + 0.55 mm in the
control group and test group, respectively) and BBT-2
more of than 2 mm (2.79 + 1.16 and 2.38 + 0.94 mm in
the control group and test group, respectively). From
T1 to T2, patients with periosteal tension-reducing
incisions (control group) showed more bone graft re-
sorption in terms of BBR-0 (2.45 + 1.14 mm), BBR-2
(2.09 + 0.94 mm) and BBR-0% (65.37 + 26.62%) than
the test group (BBR-0 1.07 + 0.51 mm, P = 0.001; BBR-2
1.22 + 0.63 mm, P = 0.008; BBR-0% 45.70 £+ 15.52%, P =
0.024), These results indicated that the modified GBR
technique could achieve comparable BBT, with less
over-augmentation but in a minimally invasive man-
ner, compared with the conventional approach. This
difference in resorption could be due to the greater
vascularisation and protection of the graft from the ele-
ments provided by an intact and inflexible periosteum.

As the present study was retrospective and non-
randomised, with a limited number of patients, vary-
ing healing time intervals due to a delay in follow-ups
caused by the COVID-19 pandemic and a dispropor-
tionate distribution of mandibular versus maxillary
sites, caution is advised when interpreting the results.
Additionally, the short follow-up period and lack of
evaluation after re-entry further limit the study’s find-
ings. Thus, future randomised controlled trials with
larger sample sizes and longer follow-up periods are
needed to validate these findings and provide more
conclusive evidence.

Conclusion

GBR can be performed using a surgically simple buc-
cal pouch to treat dehiscence defects during implant
placement in single posterior sites, and this technique
may augment sites as well as GBR using a conventional
flap; however, before recommending this technique for
daily practice, long-term data after functional loading
are necessary.
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