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Abstract

Aim: To evaluate the hard and soft tissues healing around teeth prepared with the

biologically oriented preparation technique (BOPT) versus the chamfer technique

versus non-prepared teeth.

Materials and Methods: Thirty-two teeth in eight beagle dogs were randomly pre-

pared with the BOPT (test = 16) or chamfer (control = 16) techniques and covered

with polymethylmethacrylate crowns as provisional restorations. Sixteen negative

controls (non-prepared teeth) were also used for comparison. Histological description

and histomorphometrical measurements of the periodontal tissues were collected at

4 and 12 weeks in 7 out of 8 dogs, including the soft tissue height and thickness, and

the horizontal and vertical bone dimensions.

Results: When compared with negative controls, test and control preparation tech-

niques exhibited a more apical location of the free gingival margin with respect to the

cement-enamel junction (Δ = 1.1 mm for both groups at 4 weeks (p < .05), 0.99 mm

for the test group (p = .043) and 0.20 mm for control group (p = 1.000) at 12 weeks).

There were no significant differences between test and control groups with respect

to vertical and horizontal histometric measurements.

Conclusions: The BOPT and chamfer tooth preparation protocols induced similar

qualitative and quantitative changes in the healing of the supra-crestal soft tissue

complex, when compared with non-prepared teeth. Despite the limited amount of

power, it appeared that differences between the tested preparation techniques were

not statistically significant.
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Clinical Relevance

Scientific rationale for study: There is a lack of knowledge regarding how different preparation

geometries affect the healing and structural organization of the periodontal tissues.

Principal findings: Both preparation techniques were associated with (1) a mild inflammatory infil-

trate located in the most coronal part of the soft tissues; (2) the development of a soft tissue

profile that followed the emergence profile of the provisional crown and (3) a more apical gingi-

val margin as compared with unprepared teeth.

Practical implications: Understanding the healing characteristics elicited by different preparation

protocols would be useful for both clinical practice and for the design of future clinical studies.

1 | INTRODUCTION

The biologically oriented preparation technique (BOPT) (Loi & Di

Felice, 2013) is a prosthetic rehabilitation protocol based on the fol-

lowing co-interventions:

a. Delivery of a vertical tooth preparation extended within the space

of the gingival sulcus, which eliminates the emergence profile of

the cement-enamel junction (CEJ);

b. Creation of a horizontal space within the sulcus, between the abut-

ment surface and the sulcular epithelium, as a consequence of the

subgingival vertical tooth preparation;

c. Sealing of this space and provision of mechanical support through

the emergence profile of a direct provisional crown, which is deliv-

ered right at the end of the tooth preparation, and places the pros-

thetic margin coronal to the bottom of the preparation.

The combined effect of these interventions aims to increase the avail-

ability of horizontal space for the supra-crestal soft tissue complex, in

the area between the bottom of the preparation and the margin of

the provisional crown, thus promoting, during healing, a thickening of

the phenotype in the soft tissues surrounding the newly placed

restoration.

In the last years, the use of the BOPT protocol in prosthetic

dentistry has been supported by prospective case series (Agustin-

Panadero et al., 2021; Serra-Pastor et al., 2019) and clinical trials

comparing it to the standard of care chamfer technique (Agustin-

Panadero et al., 2021; Paniz et al., 2016).

Although these clinical studies reported stable gingival margins

and absence of complications when adopting the BOPT protocol,

there is still lack of knowledge regarding how this technique affects

the healing pattern, the morphology and the structural organization of

the periodontium of the treated teeth.

It was therefore the objective of the present in vivo preclinical

investigation, to assess the short-term morphological and dimensional

changes that occur within the periodontium of teeth rehabilitated

with the BOPT (test) or the chamfer technique (positive control), as

compared with unprepared teeth (negative control). Specifically, the

primary outcome was the position and dimension of the supra-crestal

soft tissues with respect to the CEJ, whereas the secondary outcomes

assessed the hard tissue changes.

This study represents the second part of a larger project, which

following the triple R concept optimized the adoption of an experi-

mental in vivo model also to assess the hard and soft tissue healing at

implants with a modified neck configuration compared with conven-

tional bone-level implants. Results from this first investigation have

been recently published in an independent report (Palombo

et al., 2021).

2 | MATERIALS AND METHODS

2.1 | Experimental design

The present study was designed as a preclinical in vivo investigation,

where each animal provided the test and the corresponding controls

in two different healing times (early at 4 weeks and delayed at

12 weeks after tooth preparation). This study was designed following

the modified Animal Research: Reporting of In Vivo Experiments

(ARRIVE) guidelines for reporting experimental preclinical investiga-

tions (Vignoletti & Abrahamsson, 2012) and in compliance with the

current Spanish and European Union norms (European Communities

Council Directive 86/609/EEC) regulating in vivo experimentation.

The experimental phase of this investigation was conducted at the

‘Centro de Cirugía de Mínima Invasi�on Jesús Us�on’ in Cáceres, Spain,

once the implants and teeth study protocols had been approved by the

local Ethical Committee (REGA code: ES 100370001499). Test and

control teeth were prepared in both hemi-mandibles using a random-

ized group distribution. Randomization was generated using a comput-

erized random block design, where the hemi-mandible side (left or

right) and tooth position (mesial or distal) were introduced as balancing

factors, assuring equal conditions for experimental and control groups.

2.2 | Sample and facilities

Eight adult beagle dogs between 1.5 and 2 years old and with a

weight ranging between 10 and 20 kg were housed in purpose-

designed kennels in a 12:12 light/dark cycle, at a temperature of

22–21�C, and fed on a soft pellet diet. Every animal received an iden-

tification code labelled in a sub-cutaneous RFID chip. Experienced

veterinary doctors monitored these animals during the entire course
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of the experimental study. Due to the descriptive nature of the study,

sample size was not determined based on expectance of statistical

power, but using a conventional number of eight experimental animals.

2.3 | Surgical and prosthetic procedures

2.3.1 | Intervention 1: Root extractions

Using a computer-generated random allocation sequence (Figure A1),

in one hemi-mandible of each experimental animal, the teeth 1M1,

4P4, 3P3 and 2P2 were hemisected and the mesial root of 1M1 and

3P3 and the distal of 4P4 and 2P2 were extracted (Figure 1). This pro-

tocol provided three single-rooted experimental sites for tooth prepa-

ration, which were endodontically treated and the pulp chambers

were filled with a composite material (Filtek One Bulk, 3M ESPE,

USA). The adjacent sockets were left to heal spontaneously, providing

two edentulous areas in each hemi-mandible.

2.3.2 | Intervention 2: Root extractions, tooth
preparation and provisional restoration

Eight weeks after the first surgical intervention, the contralateral

hemi-mandible received the same protocol including extractions, root

canal treatment and maintenance of single-rooted teeth. In the same

surgical intervention, the residual mesial root of 4P4 and the distal

root of 3P3, in the contralateral hemi-mandible, were randomly

assigned using computer-generated codes, to be prepared with either

the BOPT (test) or the chamfer (control) technique, with subsequent

insertion of a provisional crown.

The BOPT preparation technique was aimed to eliminate the nat-

ural emergence profile of the tooth by creating a vertically shaped

preparation extended 1.5 mm subgingivally, using a series of flame-

shaped diamond burs with a decreasing grit from 125 to 20 μm, spe-

cifically designed for this BOPT protocol (BOPT preparation drills;

Sweden and Martina, Italy). Once the tooth was prepared, a provi-

sional restoration was fabricated with heat-polymerizing polymethyl-

methacrylate (PMMA) acrylic resin (C&B V Dentine; Major Prodotti

Dentari, Moncalieri, Italy) and relined with auto-polymerizing PMMA

acrylic resin (Jet; Lang Dental Mfg Co, Wheeling, IL, USA) in order to

place the restorative margin 0.5 mm below the gingival margin, This

restoration was aimed to restore a new prosthetic emergence profile

replicating the original tooth morphology, using as a guide the preop-

erative silicon impressions taken at baseline.

In the control group, the tooth preparation achieved a standard

chamfer finishing line with a 1 mm axial reduction located 0.5 mm

below the gingival margin, using chamfer diamond burs with a

decreasing grit from 151 to 25 μm (856 series chamfer burs, Komet—

Gebr. Brasseler GmbH & Co. KG, Germany). Similarly, PMMA

F IGURE 1 Sequence of clinical interventions performed at the first surgical session: (a) Baseline; (b) preoperative silicon impression to guide
the fabrication of the provisional crowns; (c) teeth hemisection and extraction of the mesial root of 1M1 and 3P3 and the distal of 4P4 and 2P2;
(d) endodontic treatment of the residual roots; (e) sealing of the endodontically treated roots with composite material (Filtek One Bulk, 3M ESPE,
USA); (f) biologically oriented preparation technique preparation (test); (g) chamfer preparation (active control); (h–k) fabrication of the acrylic
provisional crowns; and (l) provisional crowns cemented in situ.
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provisional crowns were constructed using a silicon impression to

reproduce the original tooth morphology and were delivered by locat-

ing the restorative margin at the finishing line. All the preparations

were performed under 4.5� magnification using a 40.000-rpm hand

piece. In both groups, a 1.5 mm incisal reduction was performed during

the preparation and provisional crowns were cemented with a temporary

cement (Temp Bond Clear, Kerr Dental, Orange, CA, USA). The provi-

sional restorations were splinted in the occlusal third of the crown to

increase their retention and thus to avoid its loss during healing.

2.4 | Intervention 3

Eight weeks after the second intervention, the same tooth preparation

and provisional manufacturing protocols were replicated in the con-

tralateral hemi-mandibles.

2.5 | Post-surgical care

Post-operatively, analgesic and antibiotic medications were adminis-

tered. Animals were fed with a soft diet and plaque control was

assured using a solution of chlorhexidine 0.12% and CPC 0.05%

(PerioAid Tratamiento, Laboratorios Dentaid. Barcelona, Spain)

sprayed on both hemi-mandibles 2 days per week. Once a week, the

surgical areas were brushed using a conventional manual toothbrush

and a chlorhexidine solution. At these weekly visits, the status of the

periodontal and peri-implant tissues was assessed and if inflammation

was present it was documented.

2.6 | Euthanasia

Animals were sacrificed 4 weeks after the third intervention through

an overdose of sodium pentothal (40–60 mg/kg/i.v., Dolethal, Veto-

quinol, France). Each animal provided two hemi-mandibles (4- and

12-week healing times), which were freed from their attached tissues

and sectioned between the central incisors in two halves. Then they

were placed into a sealable container containing a 4% formalin solu-

tion and stored in a secure area at a constant temperature (5�C) from

the time of collection until the histological processing. From each of

these specimens, three tissue blocks containing 1 BOPT-prepared

tooth, 1 chamfer-prepared tooth and 1 unprepared tooth were used

in this investigation.

2.7 | Histological processing

Tissue blocks from seven out of eight animals were processed by

ground sectioning following the methods described by Donath and

Breuner (1982), first through dehydration in a graded series of ethanol

and then by embedding the blocks in methyl methacrylate. The result-

ing blocks were cut in a bucco-lingual plane and the central

section was further grounded and polished until reaching a final thick-

ness of approximately 30 μm (Exakt, Hamburg-Norderstedt,

Germany). These sections were then stained using the Levai Laczko

method (Jeno & Geza, 1975; Figure 2). The tissue blocks from one

randomly selected animal (#7) were processed by decalcification fol-

lowing a modification of the ‘fracture technique’ (Berglundh

et al., 1994) and its results will be reported in an independent report.

The present manuscript focuses on the descriptive histology and his-

tometric measurements performed on the sections from the non-

decalcified blocks.

2.8 | Histological analysis

High-resolution images of the ground sections were acquired using an

automated slide scanner system (Axio Scan Z1, Carl Zeiss Microscopy)

and evaluated and measured by histomorphometry in duplicate by

two independent and calibrated examiners (DP and MR) using a dedi-

cated image analysis software (Zen lite Blue software, Carl Zeiss

Microscopy). Intra-class correlation coefficients were generated to

estimate the intra- and inter-examiner reproducibility, based on

repeated measurements performed by the two examiners on animal

#1. In order to avoid observer bias, repeated measurements were per-

formed a week apart and the mean from the duplicate measurements

was used for the statistical analysis.

2.8.1 | Histomorphometry of the hard and soft
tissues

The following landmarks were used in the analysis:

• cement-enamel junction (CEJ);

• free gingival margin (FGM);

• apical border of the barrier epithelium (aBE);

• apical border of the provisional restoration (Prov);

• apical border of the preparation (Prep);

• bone crest (Bc).

The following vertical and horizontal measurements (expressed in

millimetres) were evaluated on the buccal and lingual aspects of each

tooth (Figure 3).

a. Hard tissues

� bone crest relative to the CEJ (CEJ-Bc);

� bone crest relative to the apical border of the provisional

(Bc-Prov);

� bone crest relative to the apical border of the preparation

(Bc-Prep);

� width of the bone crest 1, 2 and 3 mm apically to the peak of

the crest (Bcw 1, 2 and 3).

b. Soft tissues

� height of the supra-crestal soft tissues (FGM-B);

4 PALOMBO ET AL.
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� height of the barrier epithelium (FGm-aBE);

� height of the connective tissue attachment (aBE-B);

� gingival margin relative to the CEJ (FGM-CEJ);

� gingival margin relative to the apical border of the provisional

(FGM-Prov);

� gingival margin relative to the apical border of the preparation

(FGM-Prep);

� width of the gingiva at the level of the CEJ (Gth-CEJ);

� width of the gingiva at the level of the apical border of the pro-

visional (Gth-Prov);

� width of the gingiva at the level of the apical border of the prep-

aration (Gth-Prep);

� width of the gingiva 1, 2 and 3 mm apically to the FGM (Gth 1, 2

and 3).

All vertical soft tissue measurements were performed in duplicate:

(i) first a conventional linear, point-to-point measurement, to assess

the vertical dimension of the supra-crestal soft tissues; (ii) then a con-

tinuous line measurement tracing the profile of the supra-crestal soft

tissues, thus assessing the true profile dimension (Tomasi et al., 2014).

2.9 | Statistical analysis

Outcome measurements were expressed as means and standard devia-

tions (±SDs), considering the animal as the experimental unit of analysis.

After performing normality tests (Shapiro–Wilk test), if data followed a

normal distribution, the one-way ANOVA test with Bonferroni correction

was used to assess the differences between the test and control teeth.

When data did not follow a normal distribution, the non-parametric test

of Kruskal–Wallis was used. Differences were considered as statistically

significant when p was <.05. The statistical analysis was performed using

the software SPSS 24.0 (SPSS Inc., Chicago, IL, USA).

3 | RESULTS

3.1 | Clinical outcomes

Healing was uneventful in seven out of eight animals; however, in one ani-

mal (#5), the advent of an endometriosis during the study caused its

death. In the rest, their behaviour as well as their eating and drinking

habits remained normal throughout the course of the study. Moreover, all

teeth and implants were retained during the experimental period, as well

as the provisional restorations inserted on the prepared teeth (Figure A2).

3.2 | Descriptive histology

At 4 weeks of healing, the overall histological picture was very similar

among test, control and negative control sites, resembling the image

of a healthy periodontium. When looking at the supra-crestal soft tissues,

F IGURE 2 Incremental magnifications of the bucco-lingual histologic ground sections representing: (a) Test abutments at 4 weeks; (b) control
abutments at 4 weeks; (c) test abutments at 12 weeks; (d) control abutments at 12 weeks; and (e) non-prepared teeth. BC, bone crest; CEJ,
cement-enamel junction; FGM, free gingival margin; Prep line, apical border of the preparation; Prov, apical border of the provisional restoration.

PALOMBO ET AL. 5
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the gingiva presented similar characteristics among the three groups with

a keratinized, stratified squamous oral epithelium organized in rete

ridges. The sulcular and junctional epithelium organization and structure

were also similar, although a higher number and deeper rete ridges were

observed in the sulcular epithelium at test and control sites. When look-

ing at the lamina propria, an inflammatory infiltrate, however, was fre-

quently present limited to the connective tissue adjacent to the barrier

epithelium in test sites, in areas in close vicinity with the provisional res-

torations. Signs of inflammation were similarly detected in control sites,

but to a minor extent and not in all sections. No inflammatory infiltrate

was observed at negative control sites. On the other hand, the organiza-

tion and structure of the supra-crestal connective tissue attachment

were very similar among the three groups.

At 12 weeks, the histological picture was very similar with a small

inflammatory infiltrate that was consistently present at both test and

control sites, in the area neighbouring the provisional restoration.

The supra-crestal soft tissues were oriented in both test and

control teeth following the emergence profile of the provisional

restorations. In the test group, since these provisional restorations

were horizontally over-contoured with respect to the profile of the

tooth, the resulting supra-crestal tissue complex presented a more

horizontal orientation. Conversely, in the control group, where the

chamfer preparation did not completely erase the natural tooth

emergence profile, the organization of the supra-crestal tissues fol-

lowed a smoother profile, without presenting sudden changes in

the fibre orientation, hence presenting a connective tissue orienta-

tion more similar to that found in non-prepared teeth (Figure 2).

3.3 | Histometric measurements

The results from the histometric comparisons are presented in

Tables 1 and 2, while mean values and SD of all measurements are

presented in Tables A1 and A2. The intra-examiner intra-class

correlation coefficient was 0.995 (95% confidence intervals (CIs):

0.974–0.999) for DP and the inter-examiner intra-class correlation

coefficient between DP and MR was 0.859 (95% CIs: 0.629–0.946).

3.3.1 | Height of the supra-crestal soft tissues
(FGM-B)

At 4 weeks, the height of the supra-crestal soft tissues was similar

between test and control sites (Figure A3). When compared with the

F IGURE 3 Vertical linear/continuous and horizontal measurements of hard and soft tissues at test, positive control and negative control
sites: (a) Height of the supra-crestal soft tissues (FGM-B)—linear measurement; (a0) height of the supra-crestal soft tissues (FGM-B)—continuous
line; (b) height of the barrier epithelium (FGm-aJE)—linear measurement; (b0) height of the barrier epithelium (FGm-aJE)—continuous line;
(c) height of the connective tissue attachment (aJE-B)—linear measurement; (c0) height of the connective tissue attachment (aJE-B)—continuous
line; (d) gingival margin relative to the cement-enamel junction (CEJ) (FGM-CEJ)—linear measurement; (d) gingival margin relative to the CEJ
(FGM-CEJ)—continuous line; (e) bone crest relative to the CEJ (CEJ-Bc)—linear measurement; (e) bone crest relative to the CEJ (CEJ-Bc)—
continuous line; (f) gingival margin relative to the apical border of the provisional (FGM-Pv)—linear measurement; (f0) Gingival margin relative to
the apical border of the provisional (FGM-Pv)—continuous line; (g) bone crest relative to the apical border of the provisional (B-Pv)—linear
measurement; (g0) bone crest relative to the apical border of the provisional (B-Pv)—continuous line; (h) bone crest relative to the apical border of

the preparation (B-Prep)—linear measurement; (h0) bone crest relative to the apical border of the preparation (B-Prep)—continuous line; (i) gingival
margin relative to the apical border of the preparation (FGM-Prep)—linear measurement; (i0) gingival margin relative to the apical border of the
preparation (FGM-Prep)—continuous line; (j) width of the gingiva at CEJ (Gth-CEJ); (k) Width of the gingiva at provisional (Gth-Pv); (l) width of the
gingiva at prep line (Gth-Prep); (m) width of the gingiva 1 mm apically to free gingival margin (FGM) (Gth 1); (n) width of the gingiva 2 mm apically
to FGM (Gth 2); (o) width of the gingiva 3 mm apically to FGM (Gth 3); (p) bone thickness 1 mm apical to BC (Bcw1); (q) bone thickness 2 mm
apical to BC (Bcw2); and (r) bone thickness 3 mm apical to BC (Bcw3).
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unprepared tooth sites, in both test and control teeth, the buccal soft

tissue height was significantly smaller (Test: Δ = �0.97 mm; SD =

0.49 mm; 95% CI (�1.67; �0.27 mm); p = .00. Control: Δ = �0.97 mm;

SD = 0.47 mm; 95% CI (�1.72; �0.21 mm); p = .00; Figure 4). How-

ever, if assessed by continuous line measurements, these differences

were smaller and not statistically significant (Figure A4).

At 12 weeks, differences between test and control groups were

not significant, neither with linear nor continuous line measurements

(Tables 1 and 2).

3.3.2 | Height of the barrier epithelium and
connective tissue

No statistically significant differences were observed at 4 weeks

between test and control sites regarding the mean linear height of the

barrier epithelium. However, both test and control sites had a signifi-

cantly shorter linear height of the barrier epithelium at their buccal

aspect, when compared with non-prepared teeth (Test:

Δ = �0.98 mm; SD = 0.48 mm; 95% CI (�1.67; �0.29 mm); p = .00.

Control: Δ = �1.06 mm; SD = 0.47 mm; 95% CI (�1.80; �0.31 mm);

p = .00) (Figure A3). Such difference was smaller and non-significant

when using continuous line measurements (Test: Δ = �0.49 mm;

SD = 0.64 mm; 95% CI (�1.41; 0.43 mm); p = 1.00. Control:

Δ = �0.68 mm; SD = 0.62 mm; 95% CI (�1.67; 0.32 mm); p = 1.00)

(Figure A4).

At 12 weeks of healing, a significantly shorter linear measurement

of the barrier epithelium was present at test as compared with control

abutments (Δ = �1.04 mm; SD = 0.56; 95% CI (�2.07; 0.18 mm);

p = .00) and to non-prepared teeth (Δ = �1.26 mm; SD = 0.45 mm;

95% CI (�2.09; 0.43 mm); p = .00). However, these differences disap-

peared when comparing continuous line measurements.

In regard to the height of the connective tissue attachment, there

were no significant nor relevant differences among the three groups

at both 4 and 12 weeks of healing, in neither linear nor continuous

line measurements (Tables 1 and 2).

3.3.3 | Position of the FGM (FGM-CEJ, FGM-Prov
and FGM-Prep)

At 4 weeks, there were no significant differences between test and con-

trol sites regarding the linear distance between the FGM and the CEJ

(Δ = �0.07 mm; SD = 0.62 mm; 95% CI (�0.92; 1.07 mm); p = 1.003).

In both groups, this distance (FGM-CEJ) was significantly shorter when

compared with non-prepared teeth (Test: Δ = �1.10 mm; SD =

0.57 mm; 95% CI (�1.92; �0.29 mm); p = .00. Control: Δ = �1.18 mm;

SD = 0.55 mm; 95% CI (�2.06; 0.29 mm); p = .00), hence being the gin-

gival margin in non-prepared teeth located in a more coronal position.

At 12 weeks, a significantly shorter linear distance between FGM

and CEJ was still present when comparing test sites with non-prepared

teeth (Δ = �0.99 mm; SD = 0.53 mm; 95% CI (�1.98; �0.19 mm);

p = .04); however, this difference was smaller and non-significant whenT
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comparing non-prepared teeth and control sites (Δ = �0.19 mm;

SD = 0.53 mm; 95% CI (�1.17; 0.78 mm); p = 1.00). Although the

FGM-CEJ distance was shorter in test versus control sites, these differ-

ences were not statistically significant (Δ = �0.80 mm; SD = 0.66 mm;

95% CI (�2.02; 0.41 mm); p = .65) (Figure A3).

At both healing times, when the FGM-CEJ distance was calcu-

lated using continuous line measurements, differences between

groups and comparisons with non-prepared teeth were not statisti-

cally significant (Tables 1 and 2; Figure A4).

Regarding the position of the FGM relative to the margin of the

provisional restoration (FGM-Prov) or the preparation finishing line

(FGM-Pr), no significant differences were observed between test and

control sites at both healing times, using both linear and continuous

line measurements (Tables 1 and 2).

3.3.4 | Thickness of the soft tissues at the level of
the CEJ (Gth-CEJ), margin of the provisional restoration
(Gth-Prov) and preparation line (Gth-Prov)

At 4 weeks, the mean buccal and lingual soft tissue thicknesses at the

level of the CEJ at test sites were 1.06 (SD = 0.29) and 1.08

(SD = 0.29) mm, respectively. When compared with control sites and

unprepared teeth, differences were not significant. At 12 weeks, com-

pared with test sites, non-prepared teeth presented statistically signif-

icant thicker buccal soft tissues at the level of the CEJ (Δ = 0.50 mm;

SD = 0.24 mm; 95% CI (�0.95; �0.05 mm); p = .02). At the level of

the provisional margin or the preparation finishing line (Δ = 0.1–

0.27 mm, p = 1.00), the soft tissue thickness was similar when com-

paring test and control sites (Tables 1 and 2; Figure A5).

F IGURE 4 Clinical healing of test and control abutments at 4 and 12 weeks. (a) Buccal soft tissues vertical linear measurements (point-to-
point): overall soft tissue height, connective tissue attachment and barrier epithelium height at test, positive control and negative control teeth at

4 and 12 weeks of healing. (b) Buccal soft tissues vertical continuous line measurements (true tissue profile): overall soft tissue height, connective
tissue attachment and barrier epithelium height at test, positive control and negative control teeth at 4 and 12 weeks of healing. (c) Buccal hard
and soft tissues vertical linear measurements (point-to-point): position of the bone crest and soft tissue margin relative to the cement-enamel
junction (CEJ). (d) Buccal hard and soft tissues vertical continuous line measurements (true tissue profile): position of the bone crest and soft
tissue margin relative to the CEJ.

F IGURE 5 Buccal soft tissues thickness 1, 2 and 3 mm apical to the free gingival margin.

PALOMBO ET AL. 13
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3.3.5 | Soft tissues thickness 1, 2 and 3 mm apical
to the gingival margin (Gth 1, 2 and 3)

At 4 weeks, the soft tissue thickness of 1 mm apical to the gingival

margin (Gth1) was similar between test and control sites (Figure 5).

When compared with non-prepared teeth, only control sites showed

a statistically significant thicker Gth1 (Test: Δ = 0.37 mm;

SD = 0.31 mm; 95% CI (�0.06; 0.81 mm); p = .16. Control:

Δ = 0.54 mm; SD = 0.29 mm; 95% CI (0.06; 1.01 mm); p = .02). In

Gth2, the buccal soft tissues thickness was similar in test and control

abutments. In Gth3, buccal tissues were thinner compared with non-

prepared teeth (Test: Δ = �0.42 mm; SD = 0.31 mm; 95% CI (�0.87;

0.02 mm); p = .07. Control: Δ = �0.40 mm; SD = 0.30 mm; 95% CI

(�0.88; 0.08 mm); p = .17).

At 12 weeks, the buccal Gth1 soft tissue thickness at test sites

was higher compared with control and negative control sites, although

differences were not statistically significant. Similar dimensions were

observed at Gth2, whereas a thinner tissue was observed at Gth3 at

test sites as compared with control and negative control sites,

although differences were not significant (Figure A5).

3.3.6 | Bone crest position relative to the CEJ
(BC-CEJ), provisional margin (BC-Prov) and preparation
line (BC-Pr)

Both at 4 and 12 weeks of healing, the position of the bone crest rela-

tive to the CEJ (BC-CEJ) did not show significant differences compar-

ing test, controls and non-prepared teeth, using both linear and

continuous line measurements.

Similarly, no significant differences could be found between

tests and controls when assessing the position of the bone crest

relative to the provisional margin (BC-Prov) or the preparation line

(BC-Pr), using both linear and continuous line measurements

(Tables 1 and 2).

3.3.7 | Bone crest width 1, 2 and 3 mm apically to
the bone crest

Both at 4 and 12 weeks of healing, no significant differences were

present in the thickness of the buccal bone 1, 2 and 3 mm apical to

the BC, when comparing test, controls and non-prepared teeth

(Tables 1 and 2).

4 | DISCUSSION

The aim of the present experimental in vivo investigation was to com-

pare the short-term morphological and dimensional changes that

occur within the periodontium of teeth rehabilitated with the BOPT

(test) or the chamfer technique (positive control), as compared with

unprepared teeth (negative control).

Test and positive control did not present significant differences in

vertical and horizontal histometric measurements. Both groups, how-

ever, demonstrated a more apical location of the FGM relative to the

CEJ when compared with the negative control (Δ = 1.1 mm for both

groups at 4 weeks (p < .05), 0.99 mm for the test group (p = .043)

and 0.20 mm for control group (p = 1.000) at 12 weeks).

The early (4 weeks) and late (12 weeks) healing in both prepara-

tion techniques occurred uneventfully, albeit a mild inflammatory infil-

trate was consistently present at the most coronal part of the soft

tissues in contact with the provisional restoration. Such findings are in

line with previous histomorphometry studies assessing the placement

of restorative margins in the subgingival space (Karlsen, 1970;

Newcomb, 1974; Tarnow et al., 1986) and with clinical studies

describing gingival inflammation at teeth treated with either the BOPT

or chamfer techniques. One year after treatment of teeth not present-

ing BOP at baseline, Paniz et al. (2016) reported the presence of BOP

at 52.2% of teeth prepared with a vertical finishing line and 36.5%

with a horizontal one. Similarly, Schatzle et al. (2001) reported signifi-

cantly greater gingival inflammation around restorations with subgin-

gival margins compared with those with supra-gingival margins,

without significant differences in supra-gingival plaque levels

(Schatzle et al., 2001).

When evaluating the soft tissue height at early healing (4 weeks),

its overall dimension was approximately 1 mm longer at non-prepared

teeth as compared with BOPT and chamfer abutments (p < .05). This

difference was due to a longer barrier epithelium and a higher dis-

tance between the FGM and the CEJ (p < .05). However, there were

no differences among the three groups in the linear height of the con-

nective tissue attachment (p = 1.000).

At 12 weeks, the soft tissue height at BOPT sites had an overall

dimension approximately 0.5 mm shorter than at positive and nega-

tive controls, albeit without statistical significance (p > .05). Further-

more, a significantly shorter barrier epithelium was observed at BOPT

sites, by approximately 1 mm (p < .05). This finding is partially in con-

trast with previous studies comparing the supra-crestal soft tissue

height of natural versus restored teeth. Vacek et al. (1994) reported

similar connective tissue height between natural and restored teeth,

although with a longer barrier epithelium in restored versus natural

teeth. However, Tarnow et al. (1986) reported shorter barrier epithe-

lium lengths at restored teeth, combined with a mean apical recession

of the gingival margin of 1.2 mm (0.4–2.2 mm). These differences may

be related to the type of tooth preparation, the morphology of the

restorations and the position of the restoration margin relative to the

gingival margin.

In the present study, the margin of the provisional restoration

was placed 0.5 mm below the gingival margin at the time of crown

delivery and was used as a reference point to assess the occurrence

of gingival recession. Both at 4 and 12 weeks, no relevant differences

were observed between BOPT and chamfer abutments, and in both

groups, the margin of the provisional restoration was kept subgingiv-

ally without being exposed.

Nevertheless, this lack of gingival recession should be interpreted

with caution due to the short follow-up. In the study by Agustin-
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Panadero et al. (2021), there was no gingival recession (absent or

<1 mm) either in BOPT or in chamfer preparations at 1 year. How-

ever, at 5 years, the BOPT group still presented no gingival recessions

while the first chamfer presented a 31.6% incidence of 1–2 mm reces-

sions (Agustin-Panadero et al., 2021).

These differences in the overall soft tissue height and barrier epi-

thelium length, however, were smaller and non-significant (p > .05),

when these vertical measurements were done using a continuous line

following the soft tissue profile (true profile dimension; Tomasi

et al., 2014), instead of a point-to-point linear measurement. This find-

ing points out that the true dimension of the supra-crestal soft tissue

profile was kept fairly unchanged in spite of the tooth preparation,

although in the teeth prepared with the BOPT technique the area per-

taining to the barrier epithelium had been apically and buccally dis-

placed by the emergence profile of the provisional crowns; because in

this protocol, the provisional restorations are horizontally over-

contoured with respect to the abutment profile.

Since BOPT and chamfer abutments resulted in a free gingiva fol-

lowing the emergence profile of the provisional crown, their buccal

soft tissues were thicker 1 mm apical to the gingival margin (Gth1) as

compared with unprepared teeth, both at 4 and 12 weeks of healing.

When comparing BOPT and chamfer-prepared teeth, while at

4 weeks the thickness of the buccal soft tissues 1 mm apical to the

gingival margin (Gth1) was similar (0.16 mm thicker in chamfer group;

SD = 0.34 mm; 95% CI (�0.70; 0.44 mm); p = 1.000), at 12 weeks,

BOPT abutments had a thicker Gth1, although these differences were

not statistically significant (Δ = 0.40 mm; SD = 0.35 mm; 95% CI

(�0.25; 1.06 mm); p = .861). Such finding suggests the potential role

of the BOPT protocol in promoting a phenotype increase in the sub-

marginal portion of the supra-crestal soft tissues surrounding the pro-

visional restoration, as a consequence of providing more horizontal

space for the supra-crestal soft tissue complex, in the area between

the bottom of the preparation and the margin of the provisional

crown.

In previous reports, gingival inflammation and attachment loss

have been reported when the restorative margins of prosthetic resto-

rations are placed invading the junctional epithelium within the crevi-

cular space (Nevins & Skurow, 1984; Reeves, 1991), and similarly,

evidence of bone loss has been reported in histological studies evalu-

ating restorative margins invading the connective tissue attachment

space (Carnevale et al., 1983; Tarnow et al., 1986). In this investiga-

tion, despite the extension of the preparation within the sulcus, there

were no differences among the two preparation techniques in the

position of the bone crest relative to the CEJ, nor in the position of

the bone crest relative to the provisional crown margin. This finding

suggests that albeit the BOPT protocol implies an invasion of the sul-

cus during tooth preparation, the placement of the restorative margins

coronally to the bottom of the preparation (0.5 mm subgingival) does

not result in an apical migration of the soft tissue margin or the bone

crest.

A variable degree of inflammation was noted in sections from

both treatment groups. In some specimens, the infiltrated connective

tissue extended over the entire dimension of the pocket epithelium,

whereas in others it was limited to the most coronal sulcular epithe-

lium or it was almost undetected. However, there was no inflamma-

tion in the control sections, and the extent of this inflammatory

infiltrate was independent from the treatment group, which is sugges-

tive that its presence was related to the provisional restorations,

rather than the type of tooth preparation.

This in vivo investigation presents clear limitations inherent to all

preclinical models with a reduced sample size, and therefore, these

results should be interpreted with caution. The fact that no statisti-

cally significant differences were found between the two tooth prepa-

ration techniques should not imply equal histological and clinical

behaviours. Furthermore, the external validity of this study is limited

by: (a) the short follow-up, which could mask the onset of gingival

recessions during a longitudinal observation; (b) the need to splint

adjacent crowns to increase their retention and to avoid their de-

cementation during the study period; (c) the absence of a standardized

reference point (notch) on the root surface; (d) the difference in mor-

phology with human teeth that may have influenced the fabrication of

the provisional crowns; (e) the frequent observation of altered passive

eruption in the adopted experimental animal, which may have influ-

enced the magnitude of the dimensional changes that were observed;

(f) the provision of acrylic temporary restorations fabricated with a

direct technique, with a lesser precision in the marginal fit compared

with an indirect fabrication, what resulted in the presence of marginal

gaps filled by temporary cement and (g) the possible presence of frac-

tures and/or dislodgement of the temporary crowns during the sawing

and grinding procedure during the histological processing. Thus, albeit

the provision of an immediate temporary restoration represents an

essential, integral part of the biologic rationale on which the BOPT

protocol stands, since the emergence profile of the direct provisional

crown provides immediate sealing and mechanical support to the hori-

zontal space created within the sulcus during the vertical preparation,

the clear limitations associated with such kind of interim restorations

may represent a confounding factor in the assessment of the differ-

ences between the two preparation techniques. At the same time,

these limitations may magnify the differences between the two

groups with provisional restorations with the negative control group

with unprepared teeth, since the presence of the referred gap may

potentially promote plaque accumulation and localized inflammation.

In conclusion, despite the adoption of an animal model, the lim-

ited follow-up, the absence of standardized reference points and the

provision of splinted acrylic temporary restorations, the results from

this study suggest that both the BOPT and chamfer tooth preparation

protocols induced similar qualitative and structural changes in the

supra-crestal soft tissues complex including: (a) presence of a mild

inflammatory infiltrate in the most coronal part of the soft tissues in

contact with the provisional restoration; (b) development of a supra-

crestal soft tissues profile, which follows the emergence profile of the

provisional restoration and (c) establishment of a more apical FGM

with respect to the CEJ as compared with non-prepared teeth, at both

4 and 12 weeks. There were no significant differences between the

test and control tooth preparation techniques in both vertical and hor-

izontal histometric measurements.
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F IGURE A3 Boxplots of the vertical linear/continuous and horizontal measurements of hard and soft tissues at test: (1) height of the supra-
crestal soft tissues (FGM-B)—linear measurement; (1b) height of the supra-crestal soft tissues (FGM-B)—continuous line; (2) height of the barrier
epithelium (FGm-aJE)—linear measurement; (2b) height of the barrier epithelium (FGm-aJE)—continuous line; (3) height of the connective tissue
attachment (aJE-B)—linear measurement; (3b) height of the connective tissue attachment (aJE-B)—continuous line; (4) gingival margin relative to
the CEJ (FGMCEJ)—linear measurement; (4b) gingival margin relative to the CEJ (FGM-CEJ)—continuous line; (5) bone crest relative to the CEJ
(CEJ-Bc)—linear measurement; (5b) bone crest relative to the CEJ (CEJ-Bc)—continuous line; (6) gingival margin relative to the apical border of the
provisional (FGM-Pv)—linear measurement; (6b) gingival margin relative to the apical border of the provisional (FGM-Pv)—continuous line;
(7) bone crest relative to the apical border of the provisional (B-Pv)—linear measurement; (7b) bone crest relative to the apical border of the
provisional (B-Pv)—continuous line; (8) bone crest relative to the apical border of the preparation (B-Prep)—linear measurement; (8b) bone crest
relative to the apical border of the preparation (B-Prep)—continuous line; (9) gingival margin relative to the apical border of the preparation (FGM-
Prep)—linear measurement; (9b) gingival margin relative to the apical border of the preparation (FGM-Prep)—continuous line.
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F IGURE A4 Boxplots of the vertical continuous line measurements of hard and soft tissues at test, positive control and negative control
sites: (1b) Height of the supra-crestal soft tissues (FGM-B)—continuous line; (2b) height of the barrier epithelium (FGm-aJE)—continuous line;
(3b) height of the connective tissue attachment (aJE-B)—continuous line; (4b) gingival margin relative to the cement-enamel junction (CEJ) (FGM-
CEJ)—continuous line; (5b) bone crest relative to the CEJ (CEJ-Bc)—continuous line; (6b) gingival margin relative to the apical border of the
provisional (FGM-Pv)—continuous line; (7b) bone crest relative to the apical border of the provisional (B-Pv)—continuous line; (8b) bone crest
relative to the apical border of the preparation (B-Prep)—continuous line; (9b) gingival margin relative to the apical border of the preparation
(FGM-Prep)—continuous line.

PALOMBO ET AL. 19

 1600051x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jcpe.13825 by U

niversity O
f O

slo, W
iley O

nline L
ibrary on [31/05/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



F IGURE A5 Boxplots of the horizontal measurements of hard and soft tissues at test, positive control and negative control sites: (10) Width
of the gingiva at cement-enamel junction (CEJ) (Gth-CEJ); (11) width of the gingiva at provisional (Gth-Pv); (12) width of the gingiva at prep line
(Gth-Prep); (13) width of the gingiva 1 mm apically to free gingival margin (FGM) (Gth 1); (14) width of the gingiva 2 mm apically to FGM (Gth 2);
(15) width of the gingiva 3 mm apically to FGM (Gth 3); (16) bone thickness 1 mm apical to BC (Bcw1); (17) bone thickness 2 mm apical to BC
(Bcw2); (18) bone thickness 3 mm apical to BC (Bcw3).
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