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A Mixed-Model Study Assessing Orthodontic Tooth  
Extrusion for the Reestablishment of Biologic Width.  
A Systematic Review and Exploratory Randomized Trial

This study assessed the use of orthodontic extrusion (OE) for biologic width 
reestablishment (BWR) and compared two protocols for BWR: periodontal flap 
surgery (FS) performed either before (FS + OE) or after (OE + FS) extrusion. 
Databases were screened up to March 2013 for studies on OE, and outcomes 
from 13 patients treated by OE + FS or FS + OE were assessed. The results of the 
literature showed that OE + fiberotomy led to a greater amount of root extrusion 
than OE alone. The clinical/radiographic assessment demonstrated no significant 
differences between groups (P > .05). Within groups, there was an improvement 
in the keratinized tissue (P = .034) and in probing depth (P = .025) for OE + FS. 
(Int J Periodontics Restorative Dent 2015;35:19–27. doi: 10.11607/prd.2164)

Treatment of the maxillary anterior 
area encompasses the functional 
and esthetic restoration of a bal-
anced, healthy, and attractive smile. 
These objectives can be accom-
plished by simple restorative proce-
dures or complex multidisciplinary 
approaches. Either way, deciding 
how to treat clinical conditions af-
fecting the esthetic zone presents 
a challenge for clinicians because it 
demands a profound knowledge of 
the soft tissue morphology, alveolar/
crestal bone architecture, smile line, 
and tooth proportions.1 Moreover, 
other patient-centered outcomes 
such as buccal tactile and thermal 
hypersensitivity also deserve special 
attention.2,3

Maintaining the crown-root 
ratio is a crucial step in ensuring 
longevity of the tooth-supported 
restoration. Therefore, different 
procedures have been suggested 
to reestablish the biologic width, 
such as periodontal surgeries com-
bined, or not, with orthodontic ex-
trusion (OE).4–14 The aim of these 
procedures is “to increase the ex-
tent of supragingival tooth structure 
for restorative or esthetic purposes 
by apically positioning the gingival 
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margin, removing supporting bone, 
or both.”15 Resective periodontal 
surgeries have largely been used 
to reestablish the biologic width 
with a good degree of success.16 
However, this procedure may not 
be recommended for anterior teeth 
due to esthetic problems. For these 
cases, OE alone or associated with 
periodontal flap surgery or fiberot-
omy during or immediately after ex-
trusion may be the most indicated 
treatment.11–14 Fiberotomy has the 
advantage of preventing the return 
of the dental structure to its original 
position or the concomitant extru-
sion of both soft and hard tissues, 
which may hamper the biologic 
width reestablishment, leading to 
the need for additional resective 
periodontal surgical procedures.11–14 

Systematic reviews (SRs) are the 
most important tools to guide de-
cision-making in clinical practice.2,17 
Another feasible and novel ap-
proach to assess a research question 
of interest is the combination of dif-
ferent study designs, such as mixed 
methods of research, ie, gathering 
data from different quantitative and/
or qualitative methods in a single 
study.18 This approach is very help-
ful to assess clinical protocols that 
have not been thoroughly tested by 
randomized controlled trials (RCTs), 
such as the use of OE targeting the 
biologic width reestablishment. To 
the authors’ knowledge, no SR or 
RCT has directly assessed the ef-
fectiveness of OE when preceded, 
or not, by periodontal flap surgery. 
Therefore, the aim of this mixed-
model study was twofold: (1) to as-
sess the level of evidence available 
in the literature using an SR based on 

a preestablished focused question: 
Does orthodontic tooth extrusion 
favor biologic width reestablish-
ment (BWR)? and (2) to compare, by 
means of a randomized exploratory 
trial, the efficacy of two protocols for 
BWR: OE with periodontal flap sur-
gery performed eith before or after.

Method and materials

A convergent parallel design, mixed- 
model study was built for the pur-
poses of this research.18 The two 
distinct research methods used were 
similarly prioritized and described 
separately as follows: (1) systematic 
assessment of the literature (ie, SR) 
and (2) clinical evaluation of two dif-
ferent interventions (ie, exploratory 
RCT). Subsequently, their main out-
comes were mixed during the over-
all discussion of the data. 

Systematic review 

Inclusion and exclusion criteria
The protocol was prepared in accor-
dance with PRISMA (Preferred Re-
porting Items for Systematic Reviews 
and Meta-Analyses),19 the Cochrane 
Collaboration,17 and CheckReview2 
recommendations based on the  
research-focused question. Thus, 
RCTs, controlled clinical trials (CCTs), 
and case series (CS) that included 10 
or more patients and assessed OE of 
teeth in need of crown lengthening 
were considered eligible for inclu-
sion. Case reports, editorials, reviews, 
and studies reporting outcomes of 
traumatic intrusion of permanent/ 
primary teeth were excluded.

Outcome measures, search 
strategy, and data extraction
Clinical and radiographic outcomes 
were assessed. The clinical outcome 
measures were changes in prob-
ing depth and keratinized tissue, 
whereas the radiographic outcome 
of interest was the distance between 
the alveolar bone crest and the most 
apical portion of the remaining root/
tooth. Identification and screening of 
studies considered eligible for inclu-
sion were conducted in duplicate (by 
LC and EGZ) according to the com-
prehensive search strategy depicted 
in Fig 1. Disagreements between 
these reviewers were resolved by in-
cluding another reviewer (JAS) in the 
discussion. MEDLINE and EMBASE 
were searched without language 
restrictions through September 30, 
2013. Medical subject headings 
(MeSH) terms, keywords, and other 
free terms were used for searching, 
and Boolean operators (OR, AND) 
were used to combine searches. Ref-
erence lists of potential studies were 
searched by hand, and unpublished 
data were sought by searching a da-
tabase list of unpublished studies 
(OpenGRAY). Data on the following 
issues were extracted and recorded 
in duplicate by LC and EGZ: (1) cita-
tion, publication status, and year of 
publication; (2) location of the trial; 
(3) study design; (4) characteristics of 
the participants; (5) outcome mea-
sures; (6) methodologic quality of 
the trials; and (7) conclusions.

Risk of bias assessment and data 
synthesis
Risk of bias assessment was esti-
mated by a modified version of the 
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Cochrane Collaboration’s tool for as-
sessing bias risk.17 Such a modified 
instrument was previously adapted 
to include nonrandomized stud-
ies.20–22 As a result, an additional 
classification was added for random-
ization method and allocation cri-
teria (ie, adequate, inadequate, 
unclear, and not applicable [for tri-
als without randomization]). For 
“blindness of examiners” (yes, no, 
or unclear) and completeness of the 
follow-up, no modifications had to 
be performed. The risk of bias in the 
included studies was categorized as 
follows: (1) low risk of bias (plausible 
bias unlikely to drastically alter the 
results)—if all criteria were met; (2) 
unclear risk of bias (plausible bias 
that raises some doubt about the 
results)—if one or more criteria were 
partly met; and (3) high risk of bias 
(plausible bias that drastically weak-
ens confidence in the results)—if one 
or more criteria were not met (non-
randomized trials were allocated to 
this category). In addition, data were 

pooled into an evidence table, and a 
descriptive summary was performed 
to determine the quantity of data as 
well as individual studies’ character-
istics and results.

Results of the search
The search strategy retrieved 199 
possibly eligible publications; of 
these, 193 were promptly excluded 
after the evaluation of titles and/or 
abstracts (Fig 2). Six full-text papers 
were evaluated, but 5 were exclud-
ed because they were classified as 
case reports.4,6,11–13 Therefore, 1 RCT 
was included in this review.14

Individual outcomes and methodo-
logic quality of included trial
In total, 18 nonsmoking patients 
(nine men and nine women, mean 
age: 35.2 years) and 20 maxillary 
incisors requiring crown lengthen-
ing for BWR were included in the 
study.14 Orthodontic extrusive move-

ment was achieved by means of a  
0.14-mm stainless steel orthodontic 
wire and a continuous pressure < 50 g.  
Patients were randomly assigned 
to one of the following groups: (A) 
orthodontic extrusion with circum-
ferential supracrestal fiberotomy and 
root planing performed at each ac-
tivation session or (B) OE. For both 
groups, orthodontic appliances 
were activated once a week during 
a 3-week period and then stabilized 
for 8 weeks. The authors showed 
that the group receiving OE plus  
fiberotomy presented a greater 
mean rate of root extrusion than 
the group treated by extrusion only. 
Moreover, the authors reported that 
the gingival margin was unaltered in 
group A due to a probable dissoci-
ating movement of teeth from peri-
odontal support structures.14

Regarding its methodologic 
quality, the authors reported that a 
blind examiner performed all mea-
surements; however, this study was 
considered to be at an unclear risk 

Fig 1  Search strategy developed for the purpose of 
this review. 

Fig 2  Flowchart of manuscripts screened through the review process.

#1  caries OR root fracture OR fracture  
OR root perforation OR perforation  
OR tooth trauma

#2  crown lengthening OR clinical crown 
lengthening OR surgical crown 
lengthening OR biologic width  
OR biologic width reestablishment

#3  (#1) OR #2

#4  tooth movement OR orthodontics  
OR orthodontic movement

#5  adjunctive tooth movement OR adjunctive 
orthodontic tooth movement

#6  (#4) OR #5

Potentially relevant articles identified and screened for retrieval:

MEDLINE and EMBASE, OpenSIGLE, and hand searching (n = 199)

Full-text article screening of 
potentially relevant studies  

(n = 6)
Excluded publications,  

not fulfilling inclusion criteria  
(n = 5)

Manuscripts excluded on  
basis of title and abstract  

(n = 193)

Manuscripts included  
in the review 

(n = 1)
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of bias as neither randomization nor 
allocation concealment were clearly 
described.14

Exploratory clinical trial 

Study design and ethical 
considerations
The exploratory clinical trial was 
prepared according to the Con-
solidated Standards of Reporting 
Trials (CONSORT).23 The Ethics 
Research Committee of Pontific 
Catholic University of Minas Gerais, 
Brazil, approved the study protocol  
(CEP - 2001/04). The study partici-
pants were volunteers who received 
detailed information on the pro-
posed research protocol and signed 
informed consent forms.

Study population and inclusion 
criteria
Study participants were selected 
from the patients referred for den-
tal treatment to the dental clinic of 
Pontific Catholic University of Minas 
Gerais. They were enrolled in the 
study when the following inclu-
sion criteria were met: (1) presence 
of a complete definitive dentition; 
(2) presence of at least one maxil-

lary incisor requiring BWR because 
of tooth/root caries or fracture, or 
restorations invading the biologic 
width; and (3) the impossibility of 
reestablishing the biologic width 
using surgical procedures due to 
esthetics reasons. Volunteers with 
a diagnosis of periodontitis or any 
known systemic disease or condi-
tion that could influence host re-
sponse (eg, AIDS, diabetes mellitus, 
alcoholism), or who were pregnant 
or lactating, undergoing orthodon-
tic treatment, or submitted to anti-
microbial, anti-inflammatory, and/or 
immunosuppressive therapies dur-
ing the previous 6 months were not 
included in the study.

Clinical and radiographic 
examination
Full medical and dental histories 
were obtained. Data included full-
mouth probing depth (PD) measured 
at six sites per teeth and keratin-
ized tissue width using a Williams- 
style periodontal and a color-coded 
probe (10 Perioscreen TPS, Hu-
Friedy), recorded by a trained and 
calibrated examiner (RCM) (Fig 3). 
Periapical radiographs were taken 
using film holders and a parallel 
technique. All radiographs were 

scanned using a professional scan-
ner (CanoScan 9950F, Canon) at 
2,400 dots per inch, and the digi-
tized images were stored as TIFF 
files. All radiographic measure-
ments were performed using a 
millimeter-calibrated grid superim-
posed on the digitized images to 
measure the radiographic attach-
ment level (ie, distance between 
the alveolar bone crest and the 
probable margin of the future resto-
ration; Fig 4). Radiographic process 
and analysis were performed by an 
examiner masked to the random-
ization sequence (LC). In addition, 
clinical and radiographic measure-
ments were performed before treat-
ment (baseline), at the end of active 
orthodontic therapy (T1), and 90 
days following the end of OE (T2).

Experimental groups and 
treatments
Following the initial assessment of 
clinical and radiographic outcomes, 
patients were randomly assigned to 
a control (complete OE followed by 
periodontal surgery, n = 6) or a test 
group (OE starting immediately after 
the open-flap surgical procedure, 
n = 7) using a computer-generated 
table. 

Fig 3  Measurements taken of the maxillary left central incisor prior to surgery. 
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Surgical procedures

The flap surgeries were performed 
by the same clinician (EGZ) ac-
cording to the following protocol/
sequence: (1) local anesthesia; (2) 
intrasulcular incision performed to 
the alveolar bone crest; (3) reflection 
of a full-thickness flap; (4) scaling 
and root planing of the supracrestal 
portion of the root with hand cu-
rettes; (5) osteotomy; (6) measure-
ment of the supracrestal portion 
of the root (Fig 5); (7) rinsing of the 
surgical area with saline solution;  
(8) provisional restoration, as need-
ed; (9) flap repositioning and sutur-
ing using 5-0 sutures (Fig 6a); and  
(10) sutures removal after 8 days. At 
the end of the experimental period, 
all participants in the control group 
received a surgical flap procedure 
to attain the BWR. 

Orthodontic procedures 

Both groups received the same orth-
odontic treatment procedures, as 
follows: passive bonding of 0.022-
inch edgewise brackets from the 
maxillary right canine to the left 
canine, and a 0.016-inch nickel– 
titanium arch wire with < 70 g of force. 
When deemed necessary, the re-
maining root/tooth was provisionally 
restored. The bracket on the tooth 
to be extruded was positioned more 
apically (ie, based on the amount 
of root structure necessary for ex-
trusion). To avoid intrusion of the 
anchorage teeth, a 0.017 × 0.025-
inch stainless steel auxiliary arch was 
used to stabilize the segmented wire  
(Fig 6b). Patients were seen every 
week for occlusal adjustment and 
repositioning of the bracket more 
apically along the root surface and/

or orthodontic activation, when in-
dicated. OE was stopped when a 
minimum distance of 3 to 4 mm 
between the bone crest and the 
probable margin of the definitive res-
toration was reached. Subsequently, a  
0.018 × 0.025-inch stainless steel 
arch was placed with passive forces 
and a 90-day stabilization period 
was allowed. At the end of this pe-
riod, clinical measurements and ra-
diographs were performed again 
and participants were referred for fi-
nal prosthetic/restorative treatment 
(Fig 7).

Statistical analysis

Descriptive statistics were used to 
synthesize collected data. Differenc-
es between groups were analyzed 
using Mann-Whitney U or Wilcoxon 

Fig 4 (left)  Radiographic assessment.

Fig 5 (right and below)  Measurements 
taken of the supracrestal portion of the  
root during the surgical procedure.
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rank-sum test for differences in  
medians, whereas within-groups 
comparisons (ie, baseline, T1, and 
T2) were performed using the 
Friedman nonparametric test. Dif-
ferences at P < .05 were considered 
statistically significant.

Results of the  
exploratory trial

Thirteen systemically healthy, non-
smoking subjects, 5 men and 8 
women, 16 to 61 years old, partici-
pated in the exploratory study. No 
adverse effects or complications 
from the orthodontic or surgical 
procedures were observed. Base-
line, T1, and T2 clinical and radio-
graphic measurements are depicted 
in Table 1. There were no significant 
differences between groups regard-
ing the period of active orthodontic 

therapy (Z-value = 0.863, P = .388) 
or the amount of root extruded 
(Z-value = –1.44, P = .147). Within 
the test group, the mean period of 
activation was 23.8 days, and the 
mean amount of root extruded was 
2.9 mm, while the control group 
showed means of 27.7 days and  
2.2 mm, respectively. 

For the ratio amount of root ex-
truded/period of extrusion, signifi-
cant differences were not identified 
between groups (Z-value = –1.86, 
P = .062). With respect to the ke-
ratinized tissue (KT) width, PD, and 
radiographic attachment level, no 
significant differences were found 
between groups in any of the evalu-
ation periods. Within groups, there 
was a statistically significant in-
crease in the amount of KT (Z-value 
= 2.11, P = .034) and in mean PD  
(Z-value = 2.23, P = .025) in the 
control group. 

Discussion

This study was conducted to assess 
the applications and outcomes of 
OE for BWR. For such a purpose, 
a convergent mixed-models de-
sign study was planned to acquire 
different but complementary infor-
mation on the same subject of in-
terest.18 The first part of this study 
evidenced the scarcity of clinical 
data available in the literature for 
the decision-making process. Only 
one RCT reporting outcomes from 
OE associated or not with circum-
ferential fiberotomy was found,14 
and the data showed that both pro-
cedures were effective in achieving 
BWR. However, the mean amount 
of root surface extruded was great-
er in the group treated with OE plus 
fiberotomy than in the one treat-
ed with OE alone (Student t test,  
P < .05). Moreover, the gingival  

Fig 7  Final result.

Fig 6  (a) Clinical aspect after 
suturing. (b) Orthodontic appliance 
placed immediately after the 
surgical procedure.

ba
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margin and alveolar bone struc-
tures remained stable in the group 
treated with concomitant fiberoto-
my during extrusion, whereas the 
group treated with OE alone exhib-
ited a coronal migration of both gin-
gival and osseous tissues of 2.0 mm  
and 1.5 mm, respectively.14 These 
outcomes suggest that the inflam-
mation engendered by the fiberot-
omy and continuous root planing 
also could cause the more rapid 
eruption.

The exploratory clinical trial 
found that both treatment ap-
proaches were effective in reestab-
lishing the biologic width. Similar 
clinical and radiographic outcomes 
between groups were found, but 
it was also observed that the surgi-
cal reestablishment of the biologic 
width prior to OE reduced the ra-
tio mean days of active orthodontic 
therapy/mean millimeters of root 

surface extruded when compared to 
the inverted sequence of treatment 
conducted in the control group. Al-
though not statistically significant  
(P = .062), there was a tendency to-
ward a lower ratio in the test group 
(ie, 8.2 days per millimeter extruded 
for the test group and 12.0 days per 
millimeter for the control group). 
As opposed to the test group, the 
control group had a statistically sig-
nificant increase in the amount of KT 
during the course of the study, which 
was what determined the need for 
gingival and bone removal in order 
to attain the final BWR (Table 1).

It has been shown that ad-
junctive tooth movement may be 
performed prior to restorative/
prosthetic therapy with different 
purposes, such as to achieve bet-
ter distribution of prosthetic spaces 
prior to fixed/removable partial 
dentures or implants insertion, cor-

rect gingival and intraosseous de-
fects, close open contacts, and to 
straighten tipped teeth and reestab-
lish an adequate crown-to-root ratio 
(ie, BWR).1,3–14 Specifically for the 
second part of the study, both treat-
ment approaches presented similar 
clinical and radiographic outcomes, 
and no detrimental effect was found. 
The outcomes of this study suggest 
that OE may be effective to achieve 
BWR either at the time of surgery 
or at an earlier date based on orth-
odontic and physiologic principles 
(ie, the OE movement stretches the 
gingival and periodontal ligament 
fibers, creating tension to the entire 
alveolar socket, stimulating osseous 
apposition at the alveolar crest and 
increasing the width of marginal ke-
ratinized tissues).1,3–14,24,25 Teeth lo-
cated in esthetic areas and requiring 
BWR can be deficient in gingiva, as 
well. Moreover, this technique can 

Table 1 Clinical and radiographic outcomes (mm) at baseline (b), at the end of OE (T1), and  
90 days after the end of OE (T2)

Tooth* TDM

RdAL PD KTW

ARE OE duration APTRFOEb T1 T2 b T1 T2 b T1 T2
11 1 3 4 4 2.5 1.5 2 4 5 4 1 10 d 0
21 3 3 6 6 3 1.5 1 4 4 3.5 3 30 d 0
21 3 3 7 7.5 4 4 2.5 9 11 8 3.5 27 d 0
22 2 2 4 4 3 2 1.5 7 9 9 2 19 d 0
11 4 3 4 5 6 3 3 7.5 8 8 4 27 d 0
12 4 4 8 8 3 1.5 2 8 11 11 4 18 d 0
11 3 2 4.5 4.5 5 2.5 3 6 7 8 3 36 d 0
21 NA 2 4 4 3.5 2 1.5 9 13 14 2 32 d 0.5
21 NA 2.5 5.5 5.5 3.5 2 2 5 7 8 2.5 29 d 2
11 NA 3 6 6 5 3 3 5 6 6 3 14 d 1
11 NA 2 4 4 3 3 1.5 7 7 7 2 35 d 1
11 NA 1.5 4 4 3 2 2.5 7 8 8 1.5 27 d 0.5
12 NA 3 6 6 5 1.5 3 5 6 7 2.5 29 d 1
OE = orthodontic extrusion; RdAL = radiographic attachment level; PD = probing depth; KTW = keratinized tissue width; TDM = transsurgical defect mea-
surement (performed before OE); ARE = amount of root extruded; APTRFOE = amount of periodontal tissue removed following OE; NA = not applicable.  
*FDI tooth-numbering system.
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be used to change the root position, 
providing better gingival and osse-
ous profiles. Through the reposition-
ing of the gingival zenith, this vertical 
augmentation provides better es-
thetics by permitting the achieve-
ment of a harmonious smile line. 
Thus, this additional osseous and 
gingival tissue enhances the site for 
a more esthetically pleasing defini-
tive restoration, especially for frac-
tured teeth at the subgingival level. 
In addition, it could be argued that 
there was a need for gingival tissue 
and bone removal in both the con-
trol and test groups due to the sig-
nificant increase in the radiographic 
attachment level observed at test 
sites (P = .017) and control sites  
(P = .025) from baseline to T2.

Moreover, during rapid OE a 
“red patch” (ie, immature gingival 
tissue) may appear coronal to the 
original gingival margin. This con-
dition relates to the sulcular epithe-
lium that may be induced to peel 
away from the root surface, leading 
to an “inversion of the sulcus lin-
ing”; however, after approximately 
28 days, keratinization of the evert-
ed epithelium takes place.1,24,25 In 
addition, manipulation of the at-
tachment tissues by OE may pro-
vide the potential to optimize the 
periodontal/restorative therapy 
and the final outcomes. In the sec-
ond part of this study, after active 
orthodontic therapy, the extruded 
teeth were maintained in a stabili-
zation period of 90 days, but other 
authors have proposed different 
protocols.1,3–14,24,25 Regardless of 
the period established, it remains 
critical to assess whether a healthy 
condition and a reduced mobility 

of the tooth were achieved after 
stabilization. 

Generally, OE is performed 
based on clinical and radiographic 
data obtained at initial examinations, 
and these may not provide an ex-
act measurement of the amount of 
tooth/root to be extruded. The use 
of surgical access before extrusion 
raises the possibility of achieving 
better precision of measurement and 
reduced treatment time. Different 
authors have proposed periodontal 
surgery or fiberotomy during extru-
sion10–14; however, this protocol may 
increase the patient’s discomfort and 
chair time due to the number of sur-
gical interventions required.

In addition, it has been dem-
onstrated that OE performed alone 
leads to a vertical gain of the al-
veolar bone crest and marginal soft 
tissue.3,8,26,27 As a result, additional 
clinical crown lengthening surgi-
cal procedures may be required 
after the period of stabilization. In 
this study, there was a significant 
increase (P = .03) in the width of 
keratinized mucosa when OE was 
used alone, as well as the need for 
removal of bone and gingival tissue 
(range: 0.5 to 2.0 mm [see Table 1]). 
In contrast, the surgical group did 
not require further surgical interven-
tion after the stabilization. 

Quality of the evidence and 
potential biases of the study

To the authors’ knowledge, this is 
the first study to use a systematic 
approach to assess the use of OE 
with or without fiberotomy. Apart 
from the RCT by Carvalho et al,14 

this SR failed to identify publica-
tions other than case reports (see 
Fig 1). The nature of the condition 
assessed (loss of biologic width in 
anterior teeth) and the difficulties 
in “recruiting” patients with simi-
lar clinical characteristics simulta-
neously could explain the scarcity 
of published RCTs on this subject 
and why the majority of journals 
available appear to rely on case 
reports. The decision to perform a 
mixed-models study combining an 
SR/RCT-based approach was pro-
posed in order to increase the rel-
evance of this review. Yet, it should 
be mentioned that this study may 
not be considered “conventional” 
mixed-model research as it did not 
include qualitative outcomes. In ad-
dition, some sections/topics of the 
CONSORT Statement could not be 
addressed due to the exploratory 
nature of this study (eg, sample size 
calculation, allocation concealment) 
as well as to some inherent condi-
tions related to the study’s meth-
odology (eg, patients’ enrollment). 
Thus, these aspect need to be con-
sidered when interpreting the pres-
ent clinical/radiographic findings.

Implications for practice and 
research

OE is a viable approach for BWR. 
The previous periodontal flap to 
restitution of an adequate biologic 
width prior to extrusion may be 
used to permit a better quantifica-
tion of biologic width invasion, as 
well as a better adaptation of pro-
visional restorations and short treat-
ment time.  
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Conclusions

Mixed-models research protocols 
may be considered an interesting 
approach when factors restricting 
the assessment of a research ques-
tion are identified. Within the limits 
of this study, the outcomes of the 
included RCT showed that OE may 
be a suitable treatment option to 
achieve BWR. Moreover, when OE 
was associated with circumferential 
fiberotomy, it did not lead to signifi-
cant changes in the gingival and os-
seous tissue anatomy. Regarding the 
sequence of treatment implemented 
within the second part of the study, 
and similarly to the available base of 
evidence, both approaches led to 
similar and significant BWR. How-
ever, flap surgery performed prior 
to extrusion permits a more precise 
evaluation of the magnitude of bio-
logic space invasion, reduced treat-
ment time and complexity, and lower 
esthetic risk. However, the impossi-
bility of inclusion of additional RCTs 
(part 1 of the study) and patients 
(part 2 of the study) should be taken 
into consideration when interpreting 
the present findings. There is a clear 
need for studies evaluating the ef-
fect of OE on BWR in order to ratify 
the findings of present study.
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