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Abstract
Background: The objective of this study was to compare a minimally-invasive sur-

gical technique (MIST) and a non-incised papilla surgical approach (NIPSA) in peri-

odontal reconstructive surgery of deep intraosseous defects.

Methods: Data on 30 patients with a deep intraosseous defect treated with MIST

(n = 15) or NIPSA (n = 15) were analyzed retrospectively. All patients met the same

inclusion criteria and were treated following the same protocol, except for the surgical

management of soft tissue (MIST versus NIPSA). Clinical parameters at baseline and

at 1-year post-surgery, early healing at 1 week, and postoperative pain were assessed.

Results: NIPSA and MIST resulted in significant clinical attachment gain (CAG)

(P < 0.001) and probing depth reduction (PDr) (P < 0.001) at 1-year post-surgery.

However, NIPSA resulted in significantly lower recession of the tip of the interden-

tal papilla compared with MIST (P < 0.001). Smoking negatively influenced early

healing in both techniques (P < 0.05).

Conclusions: NIPSA and MIST both resulted in significant improvements in clinical

parameters. NIPSA showed significant soft tissue preservation. NIPSA may represent

a promising papillae preservation technique in the treatment of intraosseous periodon-

tal defects.
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1 INTRODUCTION

Scientific evidence indicates that teeth treated by periodon-
tal reconstructive surgery have a good long-term prog-
nosis, even in the case of periodontal lesions associated
with deep intraosseous lesions.1–7 New techniques based
on microsurgical approaches have been presented with the
objective of maximizing tissue preservation and reducing
morbidity.8–14 Throughout the history of periodontal regen-
eration, the design of the flap has been contingent upon the
evolution of biomaterials.15,16 However, increasingly, stud-
ies place more importance on the flap design than on the

regenerative biomaterial,3,13 with the aim of favoring healing
under optimal conditions that allow the periodontal ligament
cells to access and regenerate the defect.17,18 Based on these
principles, a new technique, named the non-incised papillae
surgical approach (NIPSA), has recently been developed.19,20

NIPSA is a papillae preservation technique, where an apical
approach is performed, without incisions or disinsertion of tis-
sues at the level of the papillae or marginal tissues, as opposed
to current marginal access techniques,12,21 which locate the
incision intrasulcularly at the level of the marginal tissue and
in the area of the papillae, with the subsequent disinsertion of
these tissues for the treatment of the periodontal defect.
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The objective of this study was to compare the clini-
cal results obtained after periodontal reconstructive surgery
of deep intraosseous defects by means of two regenerative
techniques using a marginal approach, MIST,12 or an apical
approach, NIPSA.19,20

2 MATERIALS AND METHODS

2.1 Study design and ethical aspects
The present study is a restrospective cohort study in which,
except for soft tissue management (NIPSA or MIST), all clin-
ical procedures were identical. For each patient treated with
NIPSA, a patient treated with MIST was selected with, as
similar as possible, periodontal intrabony defect configura-
tion. A database of baseline clinical parameters and intrasur-
gical defect configuration measurements was created with the
periodontal defects of patients treated with NIPSA and MIST
from January 2015 to January 2017 at a private dental office in
Murcia, Spain. The inclusion criteria were: 1) patients diag-
nosed with periodontitis;22 2) a plaque index and bleeding
index of < 30%;23 3) periodontal lesions with pocket probing
depth (PD) > 5 mm; 4) intrabony defect > 3 mm; 5) intra-
bony defect configuration including a 1 and/or 2-wall com-
ponent, always involving the buccal wall. All patients com-
plied fully with the study protocol until the final evaluation.
Exclusion criteria were: 1) patients with systemic diseases
that contraindicated treatment; 2) third molars; 3) teeth with
incorrect endodontic or restorative treatment. All patients
were informed of the technique to be used and gave writ-
ten informed consent. All clinical procedures were performed
according to the Declaration of Helsinki and Good Clinical
Practice Guidelines as revised in 2013. The study protocol was
approved by the Research Ethics Commission of the Univer-
sity of Murcia (Spain) (protocol number: 1757/2018, approval
date: February 5, 2018).

2.2 Clinical parameters
Variables were measured at baseline and at 1-year post-
surgery. A calibrated masked examiner (AJOR) performed
all the following clinical recordings. All measurements were
made using a periodontal probe:∗ 1) probing depth (PD), mea-
sured from the gingival margin to the bottom of the pocket; 2)
Clinical attachment level (CAL), measured from the cemento-
enamel junction (CEJ) to the bottom of the pocket; 3) Reces-
sion (REC), measured on the buccal aspect, from the CEJ to
the gingival margin zenith; 4) Location of the tip of the papil-
lae (TP): taking as reference the level of the mid-axis of the
tooth, the distance from the CEJ at the zenith of the tooth

∗ PCP UNC 15, Hu-Friedy, Frankfurt, Germany

to the tip of the papilla was measured. A positive value was
recorded when the tip of the papillae was located coronally to
the CEJ and a negative value otherwise; 5) Keratinized tissue
width (KT), measured, on the buccal aspect, from the gingival
margin to the mucogingival line; and 6) Bleeding on probing
(positive or negative).

Immediately after debridement of the periodontal lesion
and before applying the biomaterials for regeneration, the
morphology of the defect was determined intrasurgically by
recording the following parameters: 1) distance from the CEJ
to the bottom of the defect, 2) intraosseous component of the
defect or distance from the coronal limit of the interproximal
bone crest to the bottom of the defect, and 3) 3-wall compo-
nent of the intraosseous defect or distance from the coronal
limit of the 3-wall defect to the bottom of the defect.

At 1-week wound closure (WC) during early healing was
assessed. Three types of wound closure were recorded: com-
plete wound closure of the incision line (WC = 2); incomplete
closure with fibrin clot in the incision area (WC = 1); incom-
plete closure with tissue necrosis in the interproximal area and
exposure of the regenerative biomaterial (WC = 0) (Figure 1).

Postoperative pain was evaluated according to the anti-
inflammatory drug consumption (milligrams of ibuprofen).

2.3 Experimental protocol
2.3.1 Presurgical procedure
All patients included were previously treated by scaling and
root planing24 and were maintained for ≥ 1 year. Active resid-
ual pockets associated with intraosseous defects not resolved
with non-surgical treatment were included in the study. Two to
3 weeks before surgery, the pockets associated with the defects
to be regenerated were treated by scaling and root planing with
ultrasonic micro-tips† and micro-mini curets,‡ instrumenting
only the exposed root surface and the first millimeters of the
periodontal pocket (marginal periodontal pocket area).19,20

Surgery was not performed until minimal or absent marginal
inflammation and a fibrous tone of the marginal tissue that
allowed its correct manipulation was achieved. All patients
received 2 g of amoxicillin§ and 600 mg of ibuprofen¶ 1 hour
before surgery.25

2.3.2 Surgical procedure
All interventions were performed by an experienced peri-
odontal surgeon (JAMR) using magnification (×3).# The

† After Five Piezo Scaling, Hu-Friedy
‡ Micro Mini Five Gracey, Hu-Friedy
§ Amoxicilina Normon, Laboratorios Normon, SA, Madrid, Spain
¶ Normon Ibuprofen, Laboratorios Normon
# ExamVision, Galileo HD, Akura, Madrid, Spain
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456 MORENO RODRÍGUEZ ET AL.

F I G U R E 1 Early wound healing (WC) at 1 week. A) Case treated with MIST. WC = 2, complete closure; B) Case treated with NIPSA.
WC = 2, complete closure; C) Case treated with MIST. WC = 1, incomplete closure; D) Case treated with NIPSA. WC = 1, incomplete closure with
fibrin clot; E) Case treated with MIST. WC = 0, necrosis of papillae and exposure of biomaterial

surgical area was anesthetized with articaine/epinephrine
1:100,000.∗

NIPSA group (Figures 2 and 3)19,20

To access the defect, a single horizontal or oblique apical
incision was made in the mucosa located on the bony cor-
tex, far from the marginal tissues and apically to the edge of
the bony crest delimiting the defect. The location of the inci-
sion was determined by probing to bone, to assure its pres-
ence, (Figure 2D) and was always placed outside the esthetic
zone. The incision was extended mesiodistally as necessary

∗ Ultracain, Laboratorios Normon

to allow access to the defect and correct debridement of
the granulation tissue, thus creating the necessary space for
stabilization of the clot. The tissue coronal to the incision
was raised full thickness, trying to maintain the preopera-
tive marginal tissue and the papillae architecture intact. The
granulation tissue was disinserted from the bony walls by
micro-mini curets,‡ from the base of the interproximal papil-
lae by a scalpel micro-blade,† and the granulation tissue
and epithelium of the pocket was eliminated with micro-
mini curets, respecting the marginal soft tissue and resid-
ual fibers attached to cementum (Figure 3F). If the defect

† Mamadent, Tuttlingen, Germany
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F I G U R E 2 NIPSA schematic sequence. A) Bone probing delimiting the incision location. Frontal and sagittal views; B) PD before surgery
and after presurgical tissue conditioning. Firm marginal tissue after non-surgical treatment; C) Buccal bone probing to locate the marginal bony crest.
D) Apical mucosal incision; E) Flap reflected coronally exposing the defect and preserving marginal tissue attached. Schematic frontal and sagittal
views; (F) Flap reflected coronally. Granulation tissue filling the intrabony defect. G) Defect after debridement: 1-wall plus 3-wall component; Bone
probing showing a 5-mm 3-wall defect, and a 3-mm 1-wall. H) Schematic mixed HA-graft and EMD placed into the defect. Double line suturing
obtaining connective tissue contact. Frontal and sagittal views; I) EMD application; J) EMD and xenograft composite application; K) Double
suturing. Marginal tissue preservated at the end of surgery; L) 1 week after surgery. Complete wound closure (WC = 2); M) PD at 1 year

presented a lingual component, the lingual area was instru-
mented through the vestibular access.∗ The affected root (deep
area of the periodontal pocket) was scaled and planed, and
calculus eliminated with ultrasonic micro-tips and micro-
mini curets. Once the defect was debrided, the regenera-
tive biomaterials were applied. Then the incision line was
sutured by a double suture line† to facilitate closing with-
out tension: The first with internal horizontal mattress sutures
to approximate the connective tissue of both edges of the
mucosal incision, and the second with single interrupted
sutures.

∗ Micro-papillae elevator, Mamadent
† PGA 6.0, Hu-Friedy

MIST group12

The defect was accessed by two papillae preservation tech-
niques according to the anatomy of the interproximal space:
simplified papillae preservation flap26 when the width of
the interproximal space was ≤ 2 mm, or modified papil-
lae preservation technique27 when the width was >2 mm.
The interproximal incision was extended intrasulcularly in
the lingual and vestibular aspect of the teeth adjacent to the
defect and extended mesiodistally as necessary to allow access
to the defect and for debridement. From the incision, full-
thickness vestibular and lingual flaps were elevated to expose
the vestibular and lingual crests delimiting the intraosseous
defect. Only when access to the defect was not possible,
the adjacent papillae were involved to avoid vertical releas-
ing incisions. If a vertical releasing incision was necessary,
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F I G U R E 3 Treatment of a periodontal deep intraosseous defect according to NIPSA. A) Presurgery radiograph: endodontic therapy was done
at the time of the non-surgical treatment; 1 year later, the periodontal lesion had not resolved; B) Suppuration on probing before presurgery tissue
conditioning; C) PD after presurgery treatment and immediately before surgery. Fibrous tone of the marginal tissue and no supuration on probing; D)
Apical incision on mucosa and apically to the edge of the bony crest. The tissue coronal to the incision was raised full thickness. Soft tissue filling the
intrabony defect; E) Defect debridement of the lingual aspect; (F) View of the bony lesion after debridement. Residual tissue attached to the root
surface in the apical aspect; G) EMD application; H) Xenograft plus EMD mixture application; I) Double line sutures: horizontal internal mattress
and single sutures. Marginal tissue unaltered at the end of the surgery; J) Complete wound closure after 1 week; K) PD after 1 year; L) 1-year
periapical radiograph

it was always minimal, did not exceed the mucogingival
line and was placed outside the esthetic zone. Debridement
of the defect and root instrumentation was performed in a
similar way to the NIPSA group. After application of the
regeneration materials, the edges of the incision were repo-
sitioned and sutured. The edges of the incision were sutured
with a double suture line: internal horizontal mattress sutures

at the base of the papillae and internal vertical mattress sutures
in the coronal area of the papillae. Vertical incisions, if any,
were sutured by single interrupted sutures.

2.3.3 Application of biomaterial
The application of the biomaterial was identical in the two
groups. After defect debridement and instrumentation of
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MORENO RODRÍGUEZ ET AL. 459

the root surface, 24% ethylenediaminetetraacetic acid,∗ was
applied to the root surface. After 2 minutes, it was irrigated
with abundant saline. Enamel matrix-derived (EMD) pro-
teins† were applied to the root surface, followed by filling of
the intraosseous defect using a mixture of xenograft of bovine
origin‡ and enamel matrix-derived proteins.†

2.3.4 Post-surgical procedures
Postoperative pain and inflammation were controlled using
ibuprofen.§ The dose was self-administered and recorded by
the patient according to the need for pain control. Patients
rinsed with 0.2% chlorhexidine, twice a day for 4 weeks, with-
out performing mechanical hygiene measures on the operated
area. The sutures were removed 1 week later. After the first
4 weeks, the patient was instructed in the mechanical clean-
ing of the area using an ultra-smooth toothbrush and an apico-
coronal brushing technique. Control visits were made at 1, 2,
3, and 4 weeks and at 3, 6 months, and 1 year. At all vis-
its, professional maintenance cleaning of the surgical area was
performed.

2.4 Statistical analysis
Patients contributed one defect site. Therefore, the patient was
considered as the statistical unit. The sample size (n = 15
per group) was calculated a posteriori for two paired means,
repeated in two groups, using CAL values, and accepting an
alpha risk of 0.05, a beta risk of 0.20 (power 0.8) in a two-
sided test, to recognize a difference of ≥ 1.6 units as statis-
tically significant. A common standard deviation of 1.6 and
a correlation coefficient between the baseline and final mea-
surements of 0.552 was assumed. A dropout rate of 0% was
anticipated.

In the descriptive analysis, values were expressed as mean
± SD. The Kolmogorov-Smirnov normality test and Levene
test for equality of variances were used for quantitative vari-
ables. Between-group comparisons were made using the Stu-
dent t test when there was normality and equality of variances
and the Mann–Whitney test when there was not.

Values at baseline and at 1 year were compared using the
paired t test for normally distributed values with equal vari-
ances and Wilcoxon test for non-normally distributed values
and/or those with unequal variances.

Qualitative variables were compared using contingency
tables and Fisher exact test or Pearson Chi-square test. A value
of P < 0.05 was considered statistically significant. The sta-
tistical analysis was performed using a statistical package.¶

∗ PrefGel, Straumann, Basel, Switzerland
† Emdogain, Straumann
‡ Bio-Oss, Geistlich Pharma, Wolhusen, Switzerland
§ Normon Ibuprofen, Laboratorios Normon
¶ Systat Software, Point Richmond, CA

3 RESULTS

3.1 Study population and characteristics
of the defects
Patient characteristics and the bone defects of each group are
shown in Table 1. Thirty patients (19 men and 11 women,
mean age 44.36± 5.9 years, range 30 to 60 years), 14 of whom
were smokers (>10 cigarettes/day) were included. The two
groups were homogeneous, with no significant differences
according to age, sex, smoking, location or the severity and
morphology of the intraosseous defect.

3.2 Clinical parameters
Clinical characteristics at baseline and 1 year are shown in
Tables 2 and 3. At baseline there were no significant between-
group differences in PD, CAL, REC, TP, or KT, and there
was positive bleeding on probing in all cases. At 1 year, a sig-
nificant reduction in PD was observed (P < 0.001), without
significant between-group differences, and a significant gain
in CAL (P < 0.001), with significant between-group differ-
ences (P < 0.05). No significant differences were observed in
PD or CAL between smokers and non-smokers in either group
(Table 4). At 1 year there were significant differences between
the two groups in REC, TP, or KT (P = 0.05, P < 0.001,
and P < 0.05 respectively), while bleeding on probing was
negative in both groups.

WC = 2 was present in 11 cases of NIPSA and WC = one
in four cases, and there was no WC = 0. The MIST group
presented WC = 2 in six cases, WC = one in four cases and
WC = zero in five cases. One week after surgery, there were
significant between-group differences (P < 0.05, Chi square
test) in WC = 2 and WC = 0. However, early healing did not
affect the clinical results achieved with the two techniques at
1 year (P > 0.05) when WC = 2 and WC < 2 in PD reduc-
tion (PDr) (NIPSA, P = 0.53 and MIST, P = 0.15, t test),
CAG (NIPSA, P = 0.88 and MIST, P = 0.21, t test) and TP
(NIPSA, P = 0.65 and MIST, P = 1.00, Mann-Whitney test)
were compared. Smoking significantly worsened WC in both
groups (P = 0.008) (Table 4).

The mean total dose of anti-inflammatories (ibuprofen),
was 2,360 ± 2,059 mg in the MIST group and 2,323 ±
2,013 mg in the NIPSA group, without significant differences
(P = 0.96, Mann–Whitney test).

4 DISCUSSION

This study compared two different approaches to address
the periodontal defects: marginal approach (MIST) ver-
sus apical approach (NIPSA). The results showed that
periodontal reconstructive surgery in teeth with advanced
periodontal loss and deep periodontal pockets associated with
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T A B L E 1 Patient-related and periodontal defect characteristics

MIST group (n = 15) NIPSA group (n = 15) P value
Patient-related characteristics

Sex (male/female) 9/6 10/5 1.00a

Age (years) (mean ± SD) 42.9 ± 4.8 45.9 ± 9.4 0.52b

Smoking (non-smokers/smokers) 8/7 8/7 0.71c

Periodontal defect characteristics
Dental arch (maxillary/mandibular) 10/5 9/6 1.00a

Tooth type (incisors/canines/premolars/molars) 8/3/1/3 7/5/1/2 0.86c

CEJ-defect bottom (mm) (mean ± SD) 9.87 ± 2.56 10.40 ± 3.50 0.89b

Intraosseous component (mm) (mean ± SD) 5.27 ± 2.02 5.13 ± 2.42 0.75b

3-wall component (mm) (mean ± SD) 3.00 ± 2.59 2.53 ± 1.55 0.55d

Defect configuration distribution
1/3-wall 4 7

2/3-wall 8 5

1/2-wall 0 1

1-wall 3 2

aFisher Exact test.
bMann–Whitney test.
cChi square test.
dt test.

deep intraosseous defects was achievable with both tech-
niques, with a reduction in the periodontal pocket and a signif-
icant gain in clinical attachment at 1 year. Other studies have
shown that teeth affected by advanced periodontal disease
are susceptible to successful regenerative treatment as long
as there is correct diagnosis and treatment, adequate mainte-
nance, and the collaboration and motivation of the patient.1–4

The results obtained for MIST were similar to previ-
ous studies.12,26,27 For NIPSA there is only one preliminary
study,20 which showed results similar to the present ones.
Although techniques using an apical approach have been
widely developed and used in mucogingival surgery with
good results,28–30 only a few preliminary studies describe the
apical approach for periodontal reconstructive surgery.20,31

Comparison of the two techniques showed no significant
differences in PDr, but significant changes in CAG (P < 0.05),
with more favorable results for the NIPSA group at 1 year.
These results are due to a different response of the soft tissues
(REC, TP, KT) according to the approach used. The NIPSA
design seems to minimize surgical trauma in the marginal
tissues, with REC increasing by only 0.2 ± 0.41 mm, while
with MIST the increase was 0.73 ± 0.88 mm. With respect
to TP, in the MIST group there was a papillae recession of
1.06 ± 0.96 mm, compared with no recession in the NIPSA
group (P < 0.001). With NIPSA, the incision is moved away
from the gingival margin and the area of the papillae,
without incising or detaching these tissues, so the incision
is far from the periodontal defect to be treated, accessing
the defect from the apical aspect and maintaining a firm soft
tissue roof which acts as a “dome” protecting the underlying

interproximal defect and thus avoiding collapse of the
papillae and recession of the marginal soft tissue. However,
as shown in other studies on marginal access to the defect
that obtained similar results to those reported here, the
marginal location of the incision and the detachment of the
papillae and marginal tissues seem to significantly increase
postoperative recession of soft tissues.32,33

With respect to WC, complete closure of the incision line
(WC = 2) was achieved more frequently (73%), and signifi-
cantly (P < 0.05) with NIPSA than with MIST (40%), where
a result similar to other studies was obtained.11,34 In addi-
tion, with NIPSA, there was no case of interproximal tissue
necrosis, compared with 33% with MIST. The location of the
incision intrasulculary and in the area of the papillae may
condition the mechanical stability of the marginal tissues that
cover the periodontal defect, compromising stable clot adhe-
sion to the root surface.35,36 Furthermore, incising, raising,
and suturing the marginal tissues may act as a complicating
factor in areas of terminal blood supply.37 Therefore, the prog-
nosis of regeneration may be affected, in addition to compro-
mising early healing34 and increasing the risk of contamina-
tion of the area to be regenerated.38

We also analyzed the influence of smoking on clinical
outcomes and found no significant differences between
smokers and non-smokers in terms of PDr and CAG, as did in
another study of intraosseous defects39 but unlike others.40,41

However, the WC results were significantly worse in smokers
(P < 0.05), as reported by Trombelli et al. (2018)39 and
unlike the results found by Farina et al. (2013), who analyzed
WC after a marginal approach to the defect.34 They found,
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MORENO RODRÍGUEZ ET AL. 461

T A B L E 2 Clinical parameters (mm)

Baseline 1 year 1-year change P value
PD PDr

NIPSA 8.27 ± 2.22 2.73 ± 0.80 5.53 ± 2.56 <0.001c

MIST 7.73 ± 1.28 3.4 ± 0.98 4.33 ± 1.45 <0.001c

P value 0.69a 0.17a

CAL CAG
NIPSA 9.07 ± 3.17 3.73 ± 1.22 5.33 ± 2.47 <0.001c

MIST 8.73 ± 1.94 5.13 ± 1.46 3.6 ± 1.40 <0.001b

P value 0.86a 0.03a

REC
NIPSA 0.80 ± 1.20 1.00 ± 1.36 −0.20 ± 0.41 0.71c

MIST 1.00 ± 1.60 1.73 ± 1.75 − 0.73 ± 0.88 0.13c

P value 0.92a 0.05a

TP
NIPSA 2.40 ± 0.73 2.47 ± 0.74 −0.07 ± 0.26 0.78c

MIST 1.87 ± 2.17 0.80 ± 2.00 1.06 ± 0.96 0.08c

P value 0.93a
<0.001a

KT
NIPSA 3.60 ± 1.59 3.47 ± 1.51 0.13 ± 0.35 0.83c

MIST 4.53 ± 0.91 3.87 ± 1.06 0.67 ± 0.72 0.09c

P value 0.1a 0.02a

PD, probing depth; PDr, probing depth reduction; CAL, Clinical attachment level;
CAG, clinical attachment gain; REC, recession; TP, Tip of papillae; KT, kera-
tinized tissue.
Negative value in REC indicates increased recession. Positive value in TP indicates
papillae apical displacement.
aMann–Whitney test.
bPaired t-test.
cWilcoxon test.

as we did, that the type of WC did not have a significant
impact (P > 0.05) on the clinical outcome at 1 year. However,
scientific literature shows that favoring optimum healing con-
ditions, such as maintaining complete closure during healing,
seems to be an absolute requirement to achieve periodontal

regeneration with restoration of the periodontal ligament,
cementum and alveolar bone, thus avoiding exposure of
immature neoformed tissue, interruptions in tissue matura-
tion, and healing by a long junctional epithelium.17,18,35,42

In the present study, the marginal area of the periodontal
pocket was conditioned 2 to 3 weeks before surgery, with
the aim of reducing inflammation and improving the tone of
marginal soft tissues. Histological studies show that, after
14 to 21 days of healing, the connective tissue presents
mature collagen fibers with a similar appearance to healthy
tissue.43,44 In the presurgical treatment, the marginal part
of the pocket is treated without invading the deep areas, to
minimize shrinkage of the tissues and detachment of residual
fibers inserted on the root surface in deeper areas of the
pocket.45 Subsequently, with surgical treatment through an
apical access, the intrabony periodontal defect is treated and
space for the establishment of the clot is created, maintaining a
watertight and stable area, sealed by a previously-conditioned
firm soft tissue roof that favors optimal conditions for the
stability of the clot adhesion to the root surface and to main-
tain wound stability during the maturation process.18,35,42

NIPSA is indicated when vestibular access to the periodontal
defect is possible and therefore, it must be a situation where
part or all of the vestibular bony wall of the defect is absent.
This clinical situation is the most frequent in intraosseous
periodontal defects.3,46,47 NIPSA may be considered a
blind and sensitive technique for the defects involving a
palatal/lingual site. In these clinical situations a computed
tomography (CT) scan may offer a more complete assessment
of the defect morphology.19 Clear mapping of the defect by
bone probing is required to place the horizontal incision on
the cortical bone. Furthermore, a CT scan may be required
for this purpose.19 The apical incision is made as apically as
necessary to preserve the maximum collateral blood supply
to the supra-incision soft tissue, but not so apical to hinder
the access to the periodontal lesion and requires a longer
horizontal extension that may damage the apical blood

T A B L E 3 Frequency distribution for probing depth reduction, gain of clinical attachment level and residual probing depths in both groups

MIST NIPSA
mm PDr CAG rPD PDr CAG rPD
2 1 (6.7%) 4 (26.7%) 3 (20.0%) 1 (6.7%) 1 (6.7%) 7 (46.7%)

3 4 (26.7%) 4 (26.7%) 5 (33.3%) 1 (6.7%) 1 (6.7%) 5 (33.3%)

4 3 (20.0%) 3 (20.0%) 5 (33.3%) 4 (26.7%) 5 (33.3%) 3 (20.0%)

5 5 (33.3%) 2 (13.3%) 2 (13.3%) 4 (26.7%) 3 (20.0%) −
6 − 2 (13.3%) 1 (6.7%) 2 (13.3%) −
7 2 (13.3%) 1 (6.7%) − −
8 − 1 (6.7%) 2 (13.3%) −
9 − 1 (6.7%) − −
12 − 1 (6.7%) 1 (6.7%) −
TOTAL 15 15 15 15 15 15

PDr, probing depth reduction; CAG, clinical attachment gain; rPD, residual probing depth.
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T A B L E 4 Change in clinical parameters at 1 year and early wound healing in non-smokers and smokers

NIPSA MIST
NS (n = 8) S (n = 7) P value NS (n = 8) S (n = 7) P value

PDr 5.37 ± 2.82 5.71 ± 2.43 0.54b 4.37 ± 1.85 4.29 ± 0.95 0.91c

CAG 5.37 ± 2.82 5.29 ± 2.21 0.95c 3.75 ± 1.58 3.43 ± 1.27 0.67c

WC = 2 8 3 0.008a 5 1 0.008a

WC < 2 0 4 0.008a 3 6 0.008a

WC = 1 0 4 2 2

WC = 0 0 0 1 4

S, smoker; NS, non-smoker; WC, wound closure; PDr, Probing depth reduction.
aChi square test.
bMann–Whitney test.
ct test.

supply.37 In addition, depending on the location of the defect
an oblique, instead of a horizontal incision may favor the
disto-lateral blood supply support.37

EMD is a widely documented approach whose objec-
tive is to biomodify and improve healing in periodontal
regeneration.48 In 1- to 2-wall defects, the capacity to con-
tain the clot and the regenerative material against the col-
lapse of the soft tissue is diminished.49 In this type of
intraosseous non-contained defects, EMD may not be suffi-
cient to prevent flap collapse and maintain space for periodon-
tal regeneration.49 In this type of defects, studies show better
results when applying EMD together with a xenograft that acts
as a vehicle to improve the physical properties of EMD.50

NIPSA seems to favor healing through complete closure,
maintenance of space for regeneration and the stability of
marginal tissues, primordial conditions for the success of peri-
odontal regeneration,17,18 in addition to minimizing postoper-
ative soft tissue contraction.

5 CONCLUSIONS

The results of this study show that NIPSA and MIST both
provide good clinical results. However, NIPSA resulted in
improvements in soft tissue preservation.
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