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Abstract
Objective To test whether or not one out of two alloplastic materials used for ridge preservation (RP) is superior to the other in
terms of volumetric and linear ridge changes over time.
Materials and methods In 16 adult beagle dogs, the distal roots of P3 and P4 were extracted and 50% of the buccal bone plate
removed. Ridge preservation was performed randomly using two different alloplastic bone grafting substitutes (poly lactic-co-
glycolic acid (PLGA) coated biphasic calcium phosphate particles consisting of 60% hydroxyapatite (HA) and 40% beta-
tricalcium phosphate (ß-TCP=test 1), (a biphasic calcium phosphate consisting 60%HA and 40% ß-TCP=test 2) and a resorbable
collagen membrane or a control group (sham). Sacrifice was performed at three time-points (4, 8, 16 weeks later). Impressions
were taken before extraction, after RP, and at sacrifice, allowing for assessment of volumetric changes. Amulti-way ANOVAwas
computed, and partial Type-II F tests were performed.
Results Both ridge preservation procedures minimized the volume loss compared to spontaneous healing. The median buccal
volume changes between pre-extraction and sacrifice were − 1.76 mm (Q1 = − 2.56; Q3 = − 1.42) for test 1, − 1.62 mm (Q1 =
− 2.06; Q3 = − 1.38) for test 2, and − 2.42 mm (Q1 = − 2.63; Q3 = − 2.03) for control. The mean ridge width measurements did
not show statistically significant differences between test 1 (− 2.51 mm; Q1 = − 3.25; Q3 = − 1.70) and test 2 (− 2.04 mm; Q1 =
− 3.82; Q3 = − 1.81) (p = 0.813), but between test and control (− 3.85 mm; Q1 = − 5.02; Q3 = − 3.27) (p = 0.003).
Conclusions Both RP techniques were successful in maintaining the buccal contour from pre-extraction to sacrifice to a similar
extent and more favorable compared to spontaneous healing.
Clinical relevance Alloplastic materials can successfully be used for RP procedures.

Keywords Ridge preservation . Volume stability . Alveolar ridge augmentation (MeSH)

Introduction

The remodeling and resorption processes following tooth ex-
traction have been investigated in detail in a variety of preclin-
ical and clinical studies. Based on these data, resorption of the

buccal bone contour extends up to 12months after extraction. A
mean resorption of approximately 50% is taking place predom-
inantly during the first 3 months. [5, 19, 28, 32, 33]. The loss of
volume on both, the hard and the soft tissue level, influences the
placement of dental implants and the subsequent esthetic out-
come. Therefore, additional bone augmentation procedures at
the day of implant placement are often required. In order to
limit the contour changes, ridge preservation procedures were
proposed, demonstrating that resorption and remodeling pro-
cesses can be limited to a loss of 7.7–20% [3, 11, 19, 23].
Although the use of grafting materials for the purpose of ridge
preservation can be an effective therapy to limit physiological
changes of the vertical and horizontal dimension [6], it remains
unclear which material and technique works best in preserving
the ridge contour. In addition, the impact of ridge preservation

* Daniel S. Thoma
daniel.thoma@zzm.uzh.ch

1 Clinic of Fixed and Removable Prosthodontics and Dental Material
Science, Center of Dental Medicine, University of Zurich,
Plattenstrasse 11, 8032 Zurich, Switzerland

2 Laboratory of Experimental Surgery and Surgical Research N. S.
Christeas, Medical School, University of Athens, Athens, Greece

Clinical Oral Investigations
https://doi.org/10.1007/s00784-017-2309-6

http://crossmark.crossref.org/dialog/?doi=10.1007/s00784-017-2309-6&domain=pdf
mailto:daniel.thoma@zzm.uzh.ch


techniques on subsequent augmentation surgeries and long-
term results of dental implants remains unclear in the literature
[24, 35]. The obtained data are to some extent limited by (i)
strict inclusion criteria, (ii) the use of predominantly xenogeneic
bone substitute materials [4, 7], and (iii) volume measurements
are restricted to post-extraction/after ridge preservation and the
follow-up measurements, with few exceptions [10].

Clinicians often encounter situations where the strict inclu-
sion criteria applied in most of the studies are not met, and
extraction sites might exhibit a loss of 50% of the buccal bone.
Indications for ridge preservation procedures should therefore
be expanded to sites with an enhanced loss of the buccal bone
plate [30, 31]. Moreover, from a patient’s perspective, there is
an increasing demand for synthetic materials. Available syn-
thetic materials often consist of varying combinations of
HA/TCP and are indicated for different clinical scenarios
including ridge preservation, sinus grafting, and guided
bone regeneration [1, 14, 16]. Outcomes based on preclin-
ical and clinical data are controversial when compared to
the use of xenogeneic materials [22, 29]. Still, the scientific
data for the use of alloplastic materials for ridge preserva-
tion procedures is limited.

In addition, one of the major limitations of current preclin-
ical and clinical studies is the timing of the evaluated contour
changes following ridge preservation procedures [24]. Even
though data demonstrate a relatively low loss of volume be-
tween post-ridge preservation and the investigated follow-up
time-points, the changes between the pre-operative situation
(prior to extraction) and post-operative situation (immediately
after ridge preservation) have not been assessed so far. Thus, it
is speculated that ridge preservation procedures might be
overestimated, since they do not take into account a potential
loss of volume due to the surgical procedure itself (i.e., tooth
extraction). Moreover, depending on the anatomical situation
and the present hard and soft tissue deficits, ridge preservation
procedures are performed using a flapless approach [18].
Hence, within this study, flapless tooth extraction and ridge
preservation was performed.

The aims of the present study were, therefore, to test wheth-
er or not one out of two alloplastic materials for ridge preser-
vation applied in extraction sockets with dehiscence defects is
superior to the other and compared to sham-operated control
sites as measured by linear and volumetric changes between
pre-extraction, after ridge preservation and at 4, 8, and
16 weeks of healing.

Materials and methods

Study design

The present study was performed as a randomized controlled
experimental study. Sixteen adult male beagle dogs (more

than 1 year old, weighing between 10 and 20 kg) were used.
During the study, the animals were kept in a purpose-designed
room and fed a soft diet. The protocol was approved by the
local ethical committee of NAMSA (Lyon, France) and con-
ducted in accordance with the OECD Good Laboratory
Practice regulations, ENV/MC/CHEM (98) 17, with the
European Good Laboratory Practice regulations, 2004/10/
EC Direc t ive and wi th the US Food and Drug
Administration Good Laboratory Practice regulations, 21
CFR 58. The manuscript has been written according to the
ARRIVE guidelines [20].

Preparation and medication

Spiramycin and metronidazole (Buccoval®, Sogeval) were
administered per os (oral administration), and penicillin pro-
caine and benzathine (Duplocilline®, Intervet S.A) were
injected subcutaneously for antimicrobial prophylaxis the
day before surgery. At the day of the surgery, the dogs were
weighed and anesthetized. After an intramuscular injection of
medetomidine (Dorbene Vet®, Pfizer), anesthesia was in-
duced by intravenous administration of ketamine (Ketamine
1000®, Virbac) followed by inhalation of an O2–isoflurane
mixture (Isoflo®, Axience). A pre-operative subcutaneous in-
jection of carprofene (Rimadyl®, Pfizer) and buprenorphine
(Buprecare®, Axience) was administered. The mandibles
were disinfected with application of 0.2% chlorhexidine
(Cooper), and the surgical region was locally anesthetized.
Post-operatively, Spiramycin and metronidazole (per os,
75,000 IU/kg of spiramycine and 12.5 mg/kg of metronida-
zole, Buccoval®, Sogeval) were administered daily, for at
least 14 days for antimicrobial prophylaxis. Carprofene (per
os, 4 mg/kg Carprodyl®, CEVA)was administered daily for at
least 5 days as anti-inflammatory drug. Post-operative pain
was controlled with buprenorphine (SC, 0.01 mg/kg,
Buprecare®, Axience), and it was injected when needed. For
local disinfection, Chlorhexidine (0.2%, Cooper) was applied
on the sites once a day until wound healing was complete.

Extractions and ridge preservation

Three calibrated surgeons performed all the treatments. On
both sides of the mandible in all dogs, the distal roots of P3
and P4 were extracted without raising a flap (Fig. 1a, b). Root
canal treatment was performed for the mesial root of P3 and
P4 [34]. Subsequently, a split-thickness flap was prepared on
the lingual and buccal side extending up to the apical exten-
sion of the extraction socket (vertically) and 2 mmmesial and
distal of the extraction socket (horizontally). Then, 50% of the
buccal bone was carefully removed using a bur. A total num-
ber of 62 extraction sites was prepared, four extraction sites in
each of the 15 dogs and only two extraction sites in one dog
(the two P4 were missing). Extraction sites (the distal roots of
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P3 and P4) were randomly assigned to one of the following
treatments (Table 1). Based on a sample size calculation, the
randomization of groups and sites was performed by the GLP-
approved lab (NAMSA, Lyon, France) prior to the start of the
investigation:

– Test group 1 (test 1): in situ hardening alloplastic bone
substitute material (poly lactic-co-glycolic acid (PLGA)
coated biphasic calcium phosphate particles consisting of
60% hydroxyapatite (HA) and 40% beta-tricalcium phos-
phate (ß-TCP), GUIDOR easy-graft CRYSTAL, Sunstar
Suisse SA, Switzerland) + collagen membrane (Jason
Membrane, Botiss Biomaterials GmbH, Zossen, Germany)

– Test group 2 (test 2): alloplastic bone substitute material
(biphasic calcium phosphate consisting: 60% HA and
40% ß-TCP; Straumann® BoneCeramic, Institut
Straumann AG, Basel, Switzerland) + collagen mem-
brane (Jason Membrane, Botiss Biomaterials GmbH,
Zossen, Germany))

– Control group (sham): negative control, blood clot

In the test groups, the extraction sites were filled with the
respective alloplastic bone graft up to the level of the bone
crest (prior to extraction at the buccal aspect) without
overfilling the buccal contour, following the manufacturer’s
instruction for use (Fig. 1c). A collagen membrane was placed

underneath the buccal and lingual soft tissue, thereby covering
the bone graft material (Fig. 1d). In the sham-operated sites
(control), a coagulum was allowed to form (Fig. 1f) and no
biomaterials were used. Partial wound closure was obtained in
all groups applying a horizontal mattress suture (Fig. 1e, f).
Sutures were removed 13 to 14 days after ridge preservation.
Healing was assessed on inspection at the time of suture re-
moval and again at the day of sacrifice.

Sacrifice

Four, 8, and 16 weeks after ridge preservation, all dogs were
painlessly sacrificed using an overdose of pentobarbital
(60 mg/kg/i.v., Dolethal; Vetoquinol, France) after sedation
with tiletamine-zolazepam (25 mg/kg, IM, Zoletil®100,
Virbac). The present manuscript reports on volumetric and
linear changes of the sites. Histologic data will be published
in a subsequent manuscript.

Dental impressions

Individualized trays made of light-curing tray material
(Megatray®, Select Dental Manufacturing Company,
Farmingdale, NY, USA) were used for impressions.
Impressions of the mandibles were taken using a polyether
material (Permadyne, 3M ESPE, Rüschlikon, Switzerland) at
baseline (pre-extraction, T1), after ridge preservation (post-

test 2 test 1

test 2 test 1

test 2 test 1

control test 1

b

f

d

gtest 2 test 1 control test 1

a

e

c

g

Fig. 1 Clinical situation showing the performed treatments. a Before
extraction and b after extraction without flap elevation, 50% of the
buccal bone plate removed. c After inertion of the respective bone

regeneration material. d Adaptation of the membrane. e and f
Horizontal mattress suture. g and h Clinical pictures after 16 weeks of
healing at the time of sacrifice
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operative, T2), and at sacrifice (T3). At T3, three healing pe-
riods were obtained (4, 8, and 16 weeks after ridge preserva-
tion). Dental stone (GC Fujirock® type 4, GC Corporation,
Tokyo, Japan) was poured to fabricate the master casts. On the
casts obtained at T1 (prior to tooth extraction), the mesial parts
of the crowns were removed using a drill up to the level of the
gingiva in order to simulate an ideal ridge profile serving as
baseline. Subsequently, all casts were scanned using a dental
3D scanner (Imetric 3D SA, Courgenay, Switzerland) to ob-
tain stereolithographic (STL) files.

Linear and volumetric analyses

A specifically designed software (SMOP, Swissmeda, Zurich,
Switzerland) was used to superimpose the acquired STL files.
The superimposition allowed the calculation of linear and

volumetric changes of the sites over time. An experienced
examiner unaware of the treatment groups performed all the
measurements at the University of Zurich (GLP-like
conditions).

Volumetric measurements

At the buccal aspect of the sites, the measured area was man-
ually selected on the baseline (T1) STL file. The selected
region of interest (ROI) corresponded to a polygon 0.5 mm
apically from the transition between the buccal and occlusal
plane and extended 2 mm in an apical direction, with a mesio-
distal width of 2 mm (Fig. 2a, c). For the occlusal measure-
ment, a polygon with a similar dimension was used in the
center of the (former) extraction site (Fig. 2b, c). The volumes
as well as the mean distance (MD, mm) between the surfaces
within the ROI were measured by the software. The size of the
ROI varied among the sites (P3, P4) as well as between indi-
viduals. Therefore, the data are presented as a mean distance
between two surfaces, due to the fact that this value is highly
independent of the size of the selected area compared to a
volumetric value.

Linear measurements

The total bucco-lingual ridge width (RW, mm) was mea-
sured at three levels (RW-1 at 1 mm, RW-2 at 2 mm, and

Fig. 2 View of one jaw with the superimposed STL files. Yellow, green,
and gray models representing T1 (pre-extraction), T2 (post-operative),
and T3 (sacrifice), respectively. a Occlusal view of the treated region.
Blue areas representing the area of volumetric measurements. b Buccal
view of superimposed STL files. cCross-section with bothmeasurements
(orange)

Table 1 Study schedule
including number of dogs,
treatments, and sites per time-
point

Treatment groups and number of sites

Time-points (sacrifice) Number of animals
per time-point

Test 1 Test 2 Control

4 weeks 5 7 7 6

8 weeks 5 7 7 6

16 weeks 6 8 8 6

Fig. 3 Transversal slice of the ridge with the linear measurements. A
reference line crossing the zenith of the ridge was drawn. Parallel lines
at 1 mm (RW-1), 2 mm (RW-2), and 3mm (RW-3) were drawn, and along
them, the ridge width was measured
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RW-3 at 3 mm) below the zenith of the ridge. The RW
changes were calculated (in percentages; %) between T1-
T2, T2-T3, and T1-T3. A cross-section was chosen, divid-
ing the ROI of the volumetric measurements into two
equal parts. The adjacent teeth were used to determine

the longitudinal axis of the ridge. Subsequently, a refer-
ence line was drawn tangent to the zenith of the ridge on
the baseline (T1) STL surface. The measurements at the
three levels were performed and calculated orthogonally
to the longitudinal axis of the ridge (Fig. 3).

Fig. 4 Buccal volume, occlusal
volume, and ridge width at 3 mm
below the crest (RW-3) with
pooled healing periods, for pre-
extraction to post-operative (T1-
T2), post-operative to sacrifice
(T2-T3), and pre-extraction to
sacrifice (T1-T3)

Table 2 Volumetric
measurements (mean distance,
mm) between pre-extraction (T1),
post-operative (T2), and sacrifice
(T3)

BV (mm) OV (mm)

Test 1
(n = 21)

Test 2
(n = 23)

Control
(n = 18)

Test 1
(n = 21)

Test 2
(n = 23)

Control
(n = 18)

T1-T2

Mean − 0.40 − 0.73 − 1.45 − 0.52 − 0.86 − 1.89
SD 0.47 0.40 1.11 0.54 0.54 0.66

Med-
ian

− 0.27 − 0.70 − 1.43 − 0.39 − 0.82 − 1.74

Q1 − 0.54 − 0.89 − 1.99 − 0.79 − 1.02 − 2.34
Q3 − 0.13 − 0.53 − 0.83 − 0.19 − 0.57 − 1.57
T1-T3

Mean − 1.95 − 1.75 − 2.43 − 0.85 − 0.67 − 1.38
SD 0.71 0.67 0.68 0.71 0.97 0.64

Med-
ian

− 1.76 − 1.62 − 2.42 − 0.79 − 0.55 − 1.19

Q1 − 2.56 − 2.17 − 2.63 − 1.47 − 1.37 − 1.80
Q3 − 1.42 − 1.38 − 2.03 − 0.42 − 0.05 − 0.93

BV, buccal volume; OV, occlusal volume; T1, pre-extraction; T2, post-operative; T3, sacrifice; SD, standard
deviation; Q1, first quartile; Q3, third quartile
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Statistical analysis

Data were computed in Excel (Microsoft Corporation,
Redmond, USA), and statistical analysis was performed
with R (R Core Team (2016). R: A language and environ-
ment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. https://www.R-
project .org/) . The distr ibutions of al l endpoints
(differences over t ime in volumetric and linear
measurements) are described by counts, means, standard
deviations, and quartiles stratified by treatment or by
treatment and healing periods.

To compare mean measurement differences over time
in an exploratory way, as a simple approach, a multi-way
ANOVA was computed not accounting for potential intra-
dog correlations, i.e., by assuming measurements from the
same dog to be statistically independent. The factors con-
sidered are treatment, healing duration (where T3 is in-
volved), and site (all without interactions). Partial Type-II
F tests were performed for overall treatment effects and
then, if significant at the level of 5%, also the two
pairwise t tests of specific interest, i.e., test versus each
control group (done at the 2.5% level to not inflate the
family wise error rate). As a sensitivity analysis to this
simple approach, we adjusted these ANOVAs for intra-
dog correlations by using random dog and side within

dog random intercepts in a mixed effects model
framework.

Results

Healing

General healing in all dogs was uneventful, and neither
wound healing complications nor local infections were
observed at the follow-up time-points. At suture removal,
in 13 out of 62 sites, the wound was not completely
closed (eight test 1, four test 2, and one sham site).
Thereafter, at all further healing time-points, complete
wound closure was observed (Fig. 1g, h).

The descriptive results are presented with pooled
heal ing per iods for al l t ime per iods in Fig. 4 .
Throughout the following section, the time-points from
pre-extraction to post-operative (T1-T2) and pre-
extraction to sacrifice (T1-T3) are as well presented with
pooled healing periods, while the period from post-
operative to sacrifice (T2-T3) is presented with separated
healing periods for all parameters. p values are adjusted
for healing period effects as long as the sacrifice time-
points were involved in the differences.

Table 3 Volumetric measurements (mean distance, mm) between post-operative (T2) and sacrifice (T3)

BV (mm)

Test 1 Test 2 Control

T2-T3 4 weeks
(n = 7)

8 weeks
(n = 7)

16 weeks
(n = 7)

4 weeks
(n = 7)

8 weeks
(n = 7)

16 weeks
(n = 9)

4 weeks
(n = 6)

8 weeks
(n = 6)

16 weeks
(n = 6)

Mean − 1.32 − 1.82 − 1.50 − 0.99 − 1.29 − 0.83 − 0.55 − 1.51 − 0.90
SD 0.72 0.57 0.86 0.60 0.91 0.61 1.05 1.18 1.16
Median − 1.08 − 1.84 − 1.44 − 0.88 − 0.93 − 0.83 − 0.71 − 1.09 − 1.01
Q1 − 1.27 − 2.24 − 1.92 − 1.20 − 1.96 − 0.99 − 1.40 − 1.51 − 1.22
Q3 − 0.93 − 1.28 − 0.93 − 0.65 − 0.69 − 0.49 0.10 − 0.80 − 0.04

OV (mm)

Test 1 Test 2 Control

T2-T3 4 weeks
(n = 7)

8 weeks
(n = 7)

16 weeks
(n = 7)

4 weeks
(n = 7)

8 weeks
(n = 7)

16 weeks
(n = 9)

4 weeks
(n = 6)

8 weeks
(n = 6)

16 weeks
(n = 6)

Mean − 0.30 − 0.39 − 0.30 0.62 − 0.28 0.20 0.86 0.35 0.31

SD 0.57 0.51 0.72 0.60 0.98 0.94 0.44 0.70 0.59

Median − 0.08 − 0.33 − 0.35 0.75 − 0.39 0.17 1.01 0.27 0.38

Q1 − 0.46 − 0.76 − 0.57 0.29 − 1.06 − 0.71 0.49 − 0.18 0.05

Q3 0.01 − 0.02 0.18 1.04 0.39 0.30 1.12 0.99 0.63

BV, buccal volume; OV, occlusal volume; T2, post-operative; T3, sacrifice; SD, standard deviation; Q1, first quartile; Q3, third quartile
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Volumetric measurements, buccal

In general, the buccal volume decreased over time for all
treatments. The buccal volume changes between pre-
extraction and sacrifice (T1-T3) revealed median values of
− 1.76 mm (Q1 = − 2.56; Q3 = − 1.42) for test 1, of
− 1.62 mm (Q1 = − 2.06; Q3 = − 1.38) for test 2, and of
− 2.42 mm (Q1 = − 2.63; Q3 = − 2.03) for control (sham).
No statistically significant differences were found between
test 1 and test 2 (p = 0.396) and between test 1 and control
(p = 0.028) at the 2.5% level. The model approach accounting
for within dog dependencies revealed statistical significance
between test 1 and control (p = 0.012).

Due to the extraction and the subsequent surgical proce-
dure (T1-T2), a median loss of − 0.27 mm (Q1 = − 0.54; Q3 =
− 0.13) (test 1), − 0.70 mm (Q1 = − 0.89; Q3 = − 0.53) (test 2),
and − 1.43 mm (Q1 = − 1.99; Q3 = − 0.83) (control) was cal-
culated. Again, no statistically significant difference was
found between test 1 and test 2 (p = 0.124), but between test
1 and control (p < 0.0001).

Comparing the healing periods (post-operative to sacrifice;
T2-T3), the test 1 group presented a median decrease of
− 1.08 mm (Q1 = − 1.27; Q3 = − 0.93) after a healing period
of 4 weeks, − 1.84 mm (Q1 = − 2.24; Q3 = − 1.28) at 8 weeks,
and − 1.44 mm (Q1 = − 1.92; Q3 = − 0.93) at 16 weeks. The
test 2 group showed a median loss of − 0.88mm (Q1 = − 1.20;
Q3 = − 0.65) at 4 weeks, − 0.93 mm (Q1 = − 1.96; Q3 =
− 0.69) at 8 weeks, and − 0.83 mm (Q1 = − 0.99;

Q3 = − 0.49) at 16 weeks, and the control group demonstrated
a median loss of − 0.71 mm (Q1 = − 1.40; Q3 = 0.10) at
4 weeks, − 1.09 mm (Q1 = − 1.51; Q3 = − 0.80) at 8 weeks,
and − 1.01 mm (Q1 = − 1.22; Q3 = − 0.04) at 16 weeks. All
buccal measurements are presented in Tables 2 and 3.

Volumetric measurements, occlusal

The pooled data for occlusal volume changes between pre-
extraction and sacrifice (T1-T3) revealed median values of
− 0.79 mm (Q1 = − 1.47; Q3 = − 0.42) for test 1, of
− 0.55 mm (Q1 = − 1.37; Q3 = − 0.05) for test 2, and of
− 1.19 mm (Q1 = − 1.80; Q3 = − 0.93) for control. No statisti-
cally significant difference was found between test 1 and test 2
(p = 0.514), but between test 1 and control (p = 0.033).

The changes due to the surgical procedure (T1-T2) re-
vealed a median volume loss ranging between − 0.39 mm
(Q1 = − 0.79; Q3 = − 0.19) for test 1, − 0.82 mm (Q1 =
− 1.02; Q3 = − 0.57) for test 2, and − 1.74 mm (Q1 = − 2.34;
Q3 = − 1.57) for group control. There was no statistically sig-
nificant difference between test 1 and test 2 (p = 0.058), but
between test 1 and control (p < 0.0001). All occlusal measure-
ments are presented in Tables 2 and 3.

Linear measurements, ridge width changes

The pooled data for ridge width changes (RW) at 3 mm
below the crest (RW-3) between pre-extraction and all

Table 4 Linear measurements (mm) between pre-extraction (T1), post-operative (T2), and sacrifice (T3)

RW-1 (mm) RW-2 (mm) RW-3 (mm) RW-avg (mm)

Test 1
(n = 19)

Test 2
(n = 23)

Control
(n = 18)

Test 1
(n = 19)

Test 2
(n = 23)

Control
(n = 18)

Test 1
(n = 17)

Test 2
(n = 19)

Control
(n = 18)

Test 1
(n = 21)

Test 2
(n = 23)

Control
(n = 18)

T1-T2

Mean − 0.74 − 1.76 − 4.15 0.68 0.16 − 1.79 1.53 1.08 − 0.14 0.45 − 0.22 − 2.02
SD 1.65 1.95 1.87 1.38 0.78 1.51 0.67 0.79 1.06 1.05 0.96 1.27

Me-
dian

− 0.44 − 1.18 − 4.97 0.50 0.01 − 1.15 1.64 0.85 − 0.35 0.59 − 0.13 − 2.09

Q1 − 0.73 − 1.95 − 5.38 − 0.21 − 0.19 − 2.15 1.17 0.62 − 0.87 0.14 − 0.39 − 2.80
Q3 0.14 − 0.46 − 2.07 1.01 0.42 − 0.81 2.11 1.71 0.32 0.79 0.30 − 0.89
T1-T3

Mean − 4.07 − 4.18 − 5.38 − 2.73 − 2.67 − 4.02 − 1.40 − 1.45 − 2.76 − 2.74 − 2.82 − 4.05
SD 1.65 1.55 1.29 1.65 1.45 1.35 1.34 1.07 0.94 1.51 1.28 1.12

Me-
dian

− 3.93 − 3.70 − 5.55 − 2.47 − 2.06 − 3.60 − 1.22 − 1.16 − 2.50 − 2.51 − 2.04 − 3.85

Q1 − 4.64 − 5.70 − 6.39 − 3.25 − 3.56 − 4.92 − 2.33 − 2.28 − 3.34 − 3.25 − 3.82 − 5.02
Q3 − 2.79 − 3.04 − 4.70 − 1.60 − 1.59 − 3.10 − 0.23 − 0.75 − 2.07 − 1.70 − 1.81 − 3.27

RW-1, ridge width at 1 mm; RW-2, ridge width at 2 mm; RW-3, ridge width at 3 mm; RW-avg, ridge width in average; T1, pre-extraction; T2, post-
operative; T3, sacrifice; SD, standard deviation; Q1, first quartile; Q3, third quartile
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three sacrifice time-points (T1-T3) did not differ statis-
tically significantly between test 1 (− 1.22 mm; Q1 =
− 2.33; Q3 = − 0.23) and test 2 (− 1.16 mm; Q1 =
− 2.15; Q3 = − 0.75) (p = 0.949), but for control
(− 2.5 mm; Q1 = − 3.34; Q3 = − 2.07) compared to test
1 (p = 0.0003).

The surgical intervention (T1-T2) increased the total
ridge width at 3 mm below the crest (RW-3) in the test
1 group (1.64 mm; Q1 = 1.17; Q3 = 2.11) and in the test 2
group (0.85 mm; Q1 = 0.59; Q3 = 1.70) (p = 0.131). The
model approach accounting for within dog dependencies
revealed statistical significance between test 1 and test 2
(p = 0.0041). Control sites lost − 0.35 mm (Q1 = − 0.87;
Q3 = 0.32), being statistically significantly different com-
pared to test 1 (p < 0.0001).

During the further healing period (T2-T3), the ridge width
lost between − 1.88 mm (Q1 = − 2.46; Q3 = − 1.25) (mini-
mal—sham at the 8-week sacrifice) and − 3.68 mm (Q1 =
− 4.66; Q3 = − 2.89) (maximal—test at the 8-week sacrifice).
The measurements of the total ridge width changes (mm) at 1,

2, and 3 mm below the zenith of the ridge are presented in
Tables 4 and 5.

Linear measurements, ridge width changes averaged
for all three levels (RW-1, RW-2, RW-3)

When healing periods (T1 to T3 for all sacrifice time-
points) were pooled and ridge width changes on the dif-
ferent levels averaged, no statistically significant differ-
ences were found between test 1 (− 2.51 mm; Q1 =
− 3.25; Q3 = − 1.70) and test 2 (− 2.04 mm; Q1 =
− 3.82; Q3 = − 1.81) (p = 0.813), but between test 1 and
control (− 3.85 mm; Q1 = − 5.02; Q3 = − 3.27) (p =
0.003). For T1-T2, the higher gain found for test 1
(0.59 mm; Q1 = 0.14; Q3 = 0.79) was not statistically sig-
nificant compared to test 2 (− 0.13 mm; Q1 = − 0.39;
Q3 = 0.30) (p = 0.039), but compared to control
(− 2.09 mm; Q1 = − 2.80; Q3 = − 0.89) (p < 0.0001). A
representative cross-section of each group is shown in
Fig. 5.

Table 5 Linear measurements (mm) between post-operative (T2) and sacrifice (T3)

T2-T3 RW-1 (mm)

Test 1 Test 2 Control

4 weeks
(n = 7)

8 weeks
(n = 7)

16 weeks
(n = 7)

4 weeks
(n = 6)

8 weeks
(n = 7)

16 weeks
(n = 9)

4 weeks
(n = 5)

8 weeks
(n = 6)

16 weeks
(n = 6)

Mean − 3.62 − 3.22 − 3.16 − 1.75 − 2.75 − 2.68 − 1.42 − 0.22 − 2.06
SD 1.26 2.12 1.73 2.29 2.26 1.72 1.80 1.89 1.75

Median − 3.18 − 3.27 − 2.65 − 2.58 − 2.27 − 2.60 − 0.53 − 0.79 − 1.99
Q1 − 4.25 − 4.44 − 4.18 − 3.08 − 4.43 − 3.97 − 2.81 − 1.15 − 2.96
Q3 − 2.98 − 2.26 − 1.80 − 0.31 − 0.84 − 1.52 − 0.12 0.55 − 1.60

T2-T3 RW-2 (mm)

Test 1 Test 2 Control

4w (n = 5) 8w (n = 7) 16w (n = 7) 4w (n = 7) 8w (n = 7) 16w (n = 9) 4w (n = 6) 8w (n = 6) 16w (n = 6)

Mean − 4.28 − 3.84 − 2.64 − 2.24 − 3.59 − 2.68 − 1.75 − 1.55 − 3.41
SD 1.83 1.64 1.18 0.64 2.13 1.16 1.34 1.09 1.96

Median − 3.98 − 2.83 − 2.23 − 2.08 − 3.25 − 2.95 − 2.37 − 1.62 − 2.69
Q1 − 4.81 − 4.71 − 3.13 − 2.72 − 4.36 − 3.89 − 2.58 − 2.20 − 4.85
Q3 − 3.15 − 2.77 − 1.97 − 1.79 − 2.30 − 1.65 − 1.14 − 1.17 − 1.88

T2-T3 RW-3 (mm)

Test Control Sham

4 weeks
(n = 3)

8 weeks
(n = 7)

16 weeks
(n = 7)

4 weeks
(n = 5)

8 weeks
(n = 6)

16 weeks
(n = 8)

4 weeks
(n = 6)

8 weeks
(n = 6)

16 weeks
(n = 6)

Mean − 3.14 − 3.52 − 2.96 − 1.87 − 2.88 − 2.71 − 2.99 − 1.84 − 3.04
SD 1.35 0.89 1.03 0.45 0.85 0.84 1.05 0.75 1.04

Median − 3.10 − 3.68 − 3.00 − 1.98 − 3.04 − 2.46 − 3.30 − 1.88 − 3.10
Q1 − 3.80 − 4.16 − 3.27 − 2.20 − 3.20 − 3.29 − 3.84 − 2.20 − 3.73
Q3 − 2.46 − 2.89 − 2.30 − 1.59 − 2.46 − 2.30 − 2.24 − 1.25 − 2.26

RW-1, ridge width at 1 mm; RW-2, ridge width at 2 mm; RW-3, ridge width at 3 mm; T2, post-operative; T3, sacrifice n; SD, standard deviation;Q1, first
quartile; Q3, third quartile
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Discussion

The present experimental study revealed that (i) ridge preser-
vation procedures minimized the volume loss due to the sur-
gical intervention compared to spontaneous healing; (ii) the
majority of volume loss occurs within the first weeks post-
extraction; (iii) in sites with a partial loss of the buccal bone
plate, ridge preservation procedures are beneficial demonstrat-
ing a more stable ridge profile over time compared to sites
healing spontaneously; and (iv) both ridge preservation treat-
ments resulted in similar volumetric and linear changes of the
ridge profile over time.

There is plenty of scientific evidence reporting changes of
the alveolar ridge profile following tooth extraction. For sites
healing spontaneously, the loss is reported to be 50%, whereas
ridge preservation procedures may limit these changes to 7–
20% [3, 11, 19, 23]. As the present study clearly points out,

volume loss can already be observed due to the surgical inter-
vention (i.e., tooth extraction), a fact that was documented in a
previous study [10]. However, when critically analyzing the
data from the literature, it becomes obvious that in the majority
of the studies, the changes following tooth extraction were cal-
culated between two time-points only. This predominantly in-
cluded pre-extraction to follow-up or post-extraction to a spe-
cific follow-up time-point. For sites subjected to spontaneous
healing, this amounted to a loss of buccal (− 1.4 mm) and oc-
clusal (− 1.7 mm) volume, as well as of ridge width (− 0.4 mm)
in the presented study. Ridge preservation procedures limited
the loss of buccal and occlusal volume (range between − 0.3
and − 0.8 mm). The ridge width, however, increased compared
to the time-point prior to tooth extraction (+ 1.6 mm for test 1
and + 0.6 mm for test 2). These data underline that for sponta-
neous healing, the obtained loss at the follow-up might be
underestimated when considering the situation post-extraction
immediately after extraction. For ridge preservation procedures,
the effect of the various techniques might be overestimated
based on buccal and occlusal volume analyses, but not for the
ridge width. This is due to the fact that from a clinical point of
view, the goal should be to obtain a contour and ridge width
similar to what existed prior to tooth extraction and not a con-
tour after tooth extraction (as usually accepted when using a
post-extraction time-point as baseline time-point).

Observational studies on ridge alterations following tooth
extraction reported that volume loss predominantly occur
within the first weeks, whereas thereafter, changes are limited
[2, 25]. In the present study, the majority of volume loss was
observed at 1 month following extraction and ridge
preservation/spontaneous healing. The changes observed at
the later follow-up time-points 8 and 16 weeks were minimal
and even indicated stability of the ridge sites. Ridge alterations
are based on an increase in soft tissue thickness, an increase in
bone formation, and ongoing remodeling processes. At early
time-points, remodeling process mainly include partial or
complete resorption of the buccal bone plate and wound clo-
sure due to soft tissue regeneration. At later time-points, re-
modeling processes predominantly encompass new bone for-
mation within the former extraction socket and maturation
processes. These processes were studied in a variety of pre-
clinical studies in detail [2, 12]. The observed volume changes
in the present study corroborate with previous experiments.
Soft tissue wound closure was obtained in all sites at 4 weeks,
irrespective of the applied treatment modality and without
complete wound closure at the day of tooth extraction.
Further on, only minimal ridge alterations were detected.

Ridge preservation procedures are reported to be beneficial
for a number of reasons. This includes an enhanced stability of
the ridge profile following tooth extraction, less necessity for
bone regenerative procedures at the day of implant placement,
and an improved soft tissue quality and quantity [8, 9, 23]. The
present study clearly demonstrated that both test groups (ridge

Fig. 5 Cross-sections with the buccal aspect on the left side of the picture
for test 2 (a), test 1 (b), and control (c). Yellow, green, and gray lines
represent T1 (pre-extraction), T2 (post-operative), and T3 (sacrifice),
respectively
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preservation with alloplastic bone substitute material) limited
alveolar ridge volume and width changes compared to sites
healing spontaneously. Even though no implants were placed
and the quality of hard and soft tissues not assessed, benefits
from a clinical point of view and in terms of maintenance of the
ridge profile and volume are obvious. Whether or not the soft
and hard tissue quality supports clinical outcomes has to be
investigated using histologic and histomorphometric analyses.

Both treatment modalities used for ridge preservation re-
sulted in similar changes of the ridge profile as assessed by
volumetricand linearoutcomemeasures.Theonlydifference
between the two treatments was the applied bone substitute
material,whereas themembraneused tocover theaugmented
extractionsocketwassimilar.Fromaclinicalpointofview,the
handling in the test 1 group allowed a simpler approach with
thebonesubstitutematerialbeingprovided inasyringe.Once
applied,thematerialhardenedinsituandstayedinplace.Inthe
test2group, thealloplasticmaterialwasprovidedasgranules,
thereby increasing the difficulty to apply thematerial into the
extraction socket. These differences in the clinical handling,
with theeasierapproachin the test1group, resulted inaslight-
ly increased ridgevolumefollowing ridgepreservation.Over
the course of the next months, this initially slightly higher
volumewas lost, resulting in a similar ridge dimension at the
later sacrifice time-points. Synthetic bone substitute mate-
rials were used in the past for a variety of clinical indications
[1,13].Dependingon thematerialcomposition,mainly influ-
encedbytheratioofHAandTCP,variableresorptionratesand
bone formationwereobserved in thedifferent clinical scenar-
ios [16]. In a clinical study, an alloplastic material (similar to
test group 2 in the present study) was investigated during an
observationperiod of 6–8months and compared to a xenoge-
neicbone substitutematerial.Bothmaterialsdemonstrated to
be osteoconductive and resulted in similar amounts of new
bone formation. Histologic analyses showed the amount of
residual graft particles to range between 26 and 28% in both,
the alloplastic and the xenogeneic bone substitute material
[15]. Incontrast,previousdataonsyntheticmaterialsreported
higher resorption rates than xenogeneic materials demon-
strating a relatively long turn-over time [17, 19, 22, 27]. For
test group 1, rather any scientific evidence is available. Only
one clinical study reports on a case series in humans without
providing anyhistologicoutcomemeasures (Leventis 2014).
Thus, this specific material still lacks scientific evidence and
was therefore applied in the present study to obtain clinical as
wellashistologicdata. In thepresentstudy, theuseofaresorb-
ablemembrane is believed tohave contributed tomore favor-
able outcomes at least for two aspects: enhancing wound
healingbyprotectingtheunderlyingbonesubstitutematerials
andbyprovidingabarrier functiontoincreaseboneformation
[21].Even thoughit isknownthat resorbablemembranes lack
a space maintenance function, the defect morphology of an
extraction socket certainly supported the ridge profile to be

bettermaintainedwithaguidedboneregenerationmembrane.
For extraction sites with a missing buccal bone plate, higher
resorption rates are documented, however [26, 31].

Conclusions

The two ridge preservation techniques applied in the present
study were able to maintain the buccal contour at least in part
without significant differences based on volumetric and linear
outcome measures and were more favorable compared to sites
left for spontaneous healing.
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