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Abstract

Aim: To assess the potential benefits of minimally invasive non-surgical therapy (MINST)

in teeth with intrabony defects and to explore factors associated with the outcomes.

Materials and Methods: A multi-centre trial was conducted in 100 intrabony defects

in periodontitis patients in private practice. Steps 1 and 2 periodontal therapy includ-

ing MINST were provided. Clinical and radiographic data were analysed at baseline

and 12 months after treatment, with the primary aim being change in radiographic

defect depth at 12 months.

Results: Eighty-four patients completed the 12-month follow up. The mean total

radiographic defect depth reduced by 1.42 mm and the defect angle increased by 3�

(both p < .05). Statistically significant improvements in probing pocket depth (PPD)

and clinical attachment level (CAL) were seen at 12 months compared to baseline

(p < .001). Fifty-six defects (66.7%) achieved pocket closure (PPD ≤ 4 mm) and

49 defects (58.3%) achieved the composite outcome (PPD ≤ 4 mm and CAL gain

≥3 mm). Deeper and narrower angled defects were positively correlated with radio-

graphic and clinical improvements, respectively.

Conclusions: Improvements in clinical and radiographic outcomes were seen after

MINST. This study highlights the generalizability and wide applicability of this

approach, further supporting its effectiveness in the treatment of intrabony

defects. Clinical trial registration: NCT03741374. https://clinicaltrials.gov/study/

NCT03741374?cond=minimally%20invasive%20non%20surgical%20therapy&

locStr=UK&country=United%20Kingdom&distance=50&rank=2.
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Clinical Relevance

Scientific rationale for study: The predictability, generalizability and wide applicability of mini-

mally invasive non-surgical therapy (MINST) in intrabony defects remains unclear. Thus, the aim

of this study was to assess the effect of MINST in intrabony defects and explore factors

influencing treatment response.
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Principal findings: MINST resulted in considerable clinical and radiographic improvements in

intrabony defects across different centres and operators. Defect morphology influenced clinical

and radiographic outcomes.

Practical implications: The role of MINST in healing intrabony defects should be emphasized as a

viable treatment approach. Further research in the form of controlled multi-centre studies

should be conducted to validate these findings.

1 | INTRODUCTION

Intrabony defects are associated with periodontal disease progression

and tooth loss (Rams et al., 2018). Despite improvements, intrabony

defects traditionally persist following Step 1 and Step 2 periodontal

therapy (Sanz et al., 2020) because of difficulties in sub-gingival biofilm

removal. The presence of uneven bony architecture and unfavourable

anatomy such as those found in intrabony defects and furcations

are indirectly associated with residual pockets (Papapanou &

Tonetti, 2000). It is well established that sites with residual pockets

≥5 mm are at risk of further attachment loss and tooth loss (Claffey &

Egelberg, 1995; Matuliene et al., 2008). Because of the increased risk of

disease progression associated with intrabony defects, surgical interven-

tion is often needed beyond cause-related therapy to avoid further

deterioration of the dentition (Reynolds et al., 2015).

Clinical practice guidelines for the treatment of Stage I–III peri-

odontitis recommend regenerative/reconstructive surgery for residual

pockets associated with intrabony defects ≥3 mm deep (Sanz

et al., 2020). Studies have shown that the use of biomaterials may not

be essential for achieving regeneration (Cortellini et al., 2022;

Trombelli et al., 2010). Instead, establishing the best local environment

to harness the intrinsic potential of the periodontal tissues has been

suggested (Liu et al., 2016). Despite its successes, regenerative sur-

gery is associated with morbidity, complications and high material

costs. Outcomes are not always predictable, with clinical failures and

incomplete success reported (Needleman et al., 2006). As a result,

procedures have transitioned towards more patient-friendly, mini-

mally invasive approaches, a concept derived from medicine.

In periodontology, minimally invasive interventions were first

applied to surgical treatment by limiting flap extension to reduce

trauma and enhance blood clot stability (Harrel, 1999). These princi-

ples have also been applied to non-surgical periodontal therapy with

the emergence of minimally invasive non-surgical therapy (MINST).

MINST has been proposed as an alternative treatment approach for

intrabony defects, aimed at reducing tissue trauma and optimizing

wound healing while avoiding surgical incisions and suturing. In a ret-

rospective review of 35 intrabony defects treated with MINST, a

3 mm decrease in radiographic intrabony defect depth was observed.

Mean reduction in probing pocket depth (PPD) and clinical attachment

level (CAL) gain were 3.12 and 2.78 mm, respectively, while recession

increase was minimal (Nibali et al., 2015). Clinical and radiographic

improvements achieved at 1 year remained stable throughout 5 years

of supportive periodontal therapy. Only 2 of the 21 treated defects

exhibited residual PPD > 5 mm, requiring further intervention (Nibali

et al., 2018). Other studies have shown similar promising clinical and

patient-reported outcomes following MINST (Aimetti et al., 2017;

Anoixiadou et al., 2022; Ribeiro et al., 2011).

Despite emerging evidence, few studies have been published on

MINST, and further clarity is needed regarding its effectiveness. Among

the questions still to be answered are the generalizability of findings, as

most studies so far have been carried out by the same operators, as well

as the potential effect of defect characteristics on clinical and radio-

graphic outcomes. Therefore, the aim of this study was to assess the

potential benefits of MINST in teeth with intrabony defects and to

explore the potential effects of centre (operator/instruments used),

patient and defect characteristics on 12-month outcomes.

2 | MATERIALS AND METHODS

2.1 | Patient population

This was a prospective cohort multi-centre study, carried out by seven

specialist periodontists and one hygienist in 11 private practices

across the United Kingdom, Italy and Spain. One hundred consecutive

patients referred by their general dental practitioners to the study

therapists for periodontal treatment were recruited between February

2019 and March 2022. Each patient gave written consent to take part

in the study.

The following inclusion criteria were considered for patient

recruitment:

• Age between 18 and 70 and diagnosed with periodontitis (Tonetti

et al., 2018).

• One or more intrabony defect with PPD and CAL > 5 mm

• Radiographic intrabony defect depth ≥3 mm

• Defect not associated with furcation involvement.

Patients who had undergone periodontal treatment at the study

site, defined as a single intrabony defect meeting the inclusion criteria

and selected for MINST, within the last 12 months were excluded.

Additionally, individuals taking anti-inflammatory, anticoagulant,

immunosuppressant medication or systemic antibiotic therapy in the

3 months preceding the baseline examination were also excluded.

Patients with medical conditions such as diabetes or transmittable dis-

eases were not included, as were pregnant and breastfeeding women,

patients with severe medical or psychiatric conditions, self-reported

smokers and former smokers in the past 5 years (including electronic
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cigarettes, vaping or similar) and those with a history of drug or alco-

hol abuse.

In patients presenting with more than one defect fulfilling the

inclusion criteria, the intrabony defect with the deepest PPD was

selected as the study site. In case of multiple defects with the same

PPD, the treating clinician decided which defect was to be selected.

Ethics approval for the analysis was given by King's College

London Research Ethics Committee (reference: CREC18/19-04). For

sites outside the United Kingdom, a local ethics application was

obtained from the relevant local ethics committee.

2.2 | Examiner calibration

All study examiners underwent a training exercise and intra-examiner

calibrations before the start of the study. Duplicate examinations for

PPD and recession were performed by each study examiner on five

subjects each, at least 15 min apart. Agreements within 1 and 2 mm

PPD were achieved in 92.2% and 98.3%, respectively, for double cali-

bration measurements across all examiners. Inter-examiner calibration

was not possible for practical reasons.

Duplicate radiographic assessments of bone levels and defect

angles were carried out at least 24 h apart by a single masked exam-

iner. Defect morphology estimation was carried out using a combina-

tion of clinical and radiographic data. The intraclass correlation

coefficient (ICC) was >0.8 for all analysed parameters (Supplemental

Material 1), while 100% agreement was achieved for furcation

involvement and Peri-Apical Index (PAI) score (Ørstavik et al., 1986).

2.3 | Periodontal treatment and follow-ups

Patients were scheduled to attend at least six visits over a period of

approximately 12 months (see flowchart in Supplemental Material 2).

All patients received a comprehensive treatment plan, aimed at Steps

1 and 2 periodontal therapy (Sanz et al., 2020), including oral hygiene

instructions, risk factor control and supra-gingival instrumentation.

Splinting and occlusal adjustment were carried out as part of these

steps if considered necessary by the treating clinician (usually in cases

of occlusal interferences and mobility Grades II and III). MINST was

carried out by eight different operators, including seven periodontists

and one hygienist. Sub-gingival instrumentation was carried out in up

to four sessions, following a modified MINST protocol (Nibali

et al., 2015, 2018) in the study sites, which briefly consisted of the

following:

• 2–4� magnification loupes

• Non-adrenaline-containing local anaesthetic infiltration

• Sub-papillary access of the defect to minimize trauma to the soft

tissues, especially the most coronal portion of the interdental

papilla

• Thorough and gentle debridement of the root surface to the base

of the pocket

• Exclusive use of piezo-electric/ultrasonic devices with specific non-

diamond thin and delicate tips (PS, PL1, PL2 from EMS, Nyon,

Switzerland; Siroperio 1, 2, 3 and 7 from Sirona, Salzburg, Austria;

Woodpecker P3 tip, Guilin Woodpecker, Guilin, China; Satelec 10Z

from Acteon, UK, depending on what was available in the different

study centres)

• Avoidance of ‘smoothing’ the root surface and performing gingival

curettage

• Attempting to stimulate the formation of a stable blood clot by

natural filling of the intrabony defect with blood following debride-

ment. Subgingival rinses at the end of treatment were not used.

Patients were seen every 3 months for oral hygiene reviews and

supra-gingival debridement. Comprehensive periodontal charting

and sub-gingival probing of study sites following MINST occurred at

6 and 12 months.

2.4 | Clinical examination

The following periodontal measurements were taken at six sites per

tooth: dischotomous full mouth bleeding score (FMBS) (Guerrero

et al., 2005), PPD, recession (REC) of the gingival margin from the

cemento-enamel junction (CEJ) and bleeding on probing (FMBS)

(Ainamo & Bay, 1975). CAL was calculated as PPD + REC. Tooth mobility

(Laster et al., 1975) and furcation involvement (Hamp et al., 1975) were

also evaluated. Clinical parameters were assessed by probing using a

UNC-15 periodontal probe and furcation involvement by a Nabers probe.

2.5 | Radiographic examination

Periapical radiographs of selected study sites were taken at baseline

and at 12 months using the parallel technique with Rinn holders

(Updegrave, 1951). Each participating practice used the same setting

and exposure time for radiographs taken at both visits. An attempt

was made to standardize positioning and minimize distortion of

sequential radiographs, although no formal standardization proce-

dures were followed.

Periapical radiographs from all patients included in the study were

transferred into a dedicated software measurement system (Emago®,

Oral Diagnostic Systems, Amsterdam, Netherlands) and analysed by

one examiner (J.M.) in a masked, random order. Linear radiographic

measurement analysis at all comparable sites (mesial and distal) was

conducted using specific landmarks as shown in Supplemental Mate-

rial 3 (Nibali et al., 2011).

Defect morphology estimation was based on clinical and radio-

graphic data. The following categories were used (as described in

Nibali et al., 2023):

Defect extension (assessed based on clinical measurements)

• Extending to mid-buccal (or mid-lingual): CAL on mid-buccal or

mid-lingual surface of the affected tooth was ≥5 mm (or when the

MEHTA ET AL. 907
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radiograph clearly suggested the defect extended to mid-buccal or

mid-lingual surfaces);

• Not extending to mid-buccal (or mid-lingual): CAL on mid-buccal or

mid-lingual surface of the affected tooth was <5 mm.

2.6 | Statistical analysis and sample size calculation

The primary outcome measure was radiographic total defect depth

reduction at 12 months. Secondary outcomes were intrabony defect

depth reduction, PPD and CAL change at 12 months. Defect-related

data were obtained from clinical measurements recorded at baseline,

6 and 12 months, as well as periapical radiographs taken by the treat-

ing clinician at baseline and 12 months post MINST.

The sample size was calculated based on previous observations that

narrow-angled defects heal more favourably with greater defect depth

reduction (Nibali et al., 2015). Assuming a defect depth reduction of 3 mm

for defects with angles <28� (median baseline angle in Nibali et al., 2015)

and a reduction of 2 mm for angles ≥28� (SD 2 mm), 84 defects would be

required to have 90% power to show such difference between defect

angles. Considering 15% drop-out rates, a sample of 100 defects in

100 patients was required. Data from all patients were entered into a

spreadsheet and proofed for entry errors. The database was imported into

the statistical software package IBM SPSS® 27.0. The statistical signifi-

cance level was set to 5% throughout with per-protocol analysis reported.

Continuous, normally distributed variables are reported as means and

standard deviations. Paired t-test was used to detect significant changes

between baseline and 12 months for the primary outcome using the

patient as unit of analysis. Because the before- and after-treatment radio-

graphs were not standardized, a correction factor was calculated using the

root or crown length to adjust for vertical distortion and potential varia-

tions in radiographic images due to positioning (Liñares et al., 2006).

Descriptive data were presented by pre-specified prognostic baseline

factors (age, FMPS, BMI, CAL). Per-protocol univariate analyses were car-

ried out to test associations between potential explanatory variables (age,

gender, baseline FMPS, baseline PPD and bleeding on probing (BOP), radio-

graphic parameters, centre, treatment time) and intrabony depth reduction

using one-way analysis of variance. Linear regression was then conducted

to evaluate the relation of baseline clinical, radiographic and patient charac-

teristics on the changes in intrabony defect depths. Age, baseline plaque

score, tooth type, defect depth, angle, extension and centre were included

as covariates. Logistic regression was carried out as secondary analysis to

test the potential associations between the covariates above and clinical

TABLE 1 Baseline characteristics of included patients.

Patients (n = 100)

Age (years) 53 ± 10

BMI 25 ± 5

Gender

Male 50

Female 50

Ethnicity

Caucasian 84

Asian 9

Afro-Caribbean 0

Mixed/other 1

Not reported 6

Periodontal diagnosis, stage

I 0

II 0

III 77 (32 LOC, 45 GEN)

IV 23

Periodontal diagnosis, grade

A 2

B 35

C 63

Periodontal diagnosis, extent

Localized 32

Generalized 68

FMPS 37 ± 27%

FMBS 29 ± 24%

No. of PPD ≥ 5 mm 28.5 ± 22.5

Note: Mean ± standard deviation is reported for continuous variables.

Frequency is reported for discrete variables.

Abbreviations: BMI, body mass index; FMBS, full-mouth bleeding score;

FMPS, full-mouth plaque score; GEN, generalized; LOC, localized; PPD,

pocket probing depth.

TABLE 2 Baseline clinical and radiographic defect characteristics.

Study sites (n = 100)

Tooth type

Incisor 16

Canine 11

Premolar 27

Molar 46

Arch

Maxilla 34

Mandible 66

Shallow sites (5–6 mm) 12

Deep sites (≥7 mm) 88

Average PPD study site (deepest) (mm) 8.48 ± 1.76

Average CAL study site (deepest) (mm) 9.23 ± 2.04

Average recession study site (deepest) (mm) 0.75 ± 1.15

Average total radiographic defect depth (mm) 9.26 ± 3.65

Average horizontal defect depth (mm) 3.08 ± 2.06

Average intrabony defect depth (mm) 6.27 ± 2.59

Average defect angle 26.9 ± 9.34

Narrow angled (<28�) 52

Wide angled (≥28�) 48

Note: Mean ± standard deviation is reported.

Abbreviations: CAL, clinical attachment level; PPD, probing pocket depth.

908 MEHTA ET AL.
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TABLE 3 Clinical measurements of all patients that completed the 1-year follow up, across all time points.

Clinical measurements Baseline 6 months 12 months Δ 0–12 months

p-Value

(baseline to
6 months)

p-Value

(baseline to
12 months)

p-Value
(6–12 months)

Full-mouth data

Average PPD (mm) 3.18 ± 0.74 2.51 ± 0.58 2.42 ± 0.55 0.68 ± 0.59 <.001a <.001a,* .035*

Average CAL (mm) 3.68 ± 0.88 3.14 ± 0.69 3.06 ± 0.67 0.56 ± 0.44 <.001a <.00a .090

Number of full-mouth

PPDs ≥5 mm

29 10 8 21

Study sites (1 per patient)

PPD (mm) 8.40 ± 1.65 4.22 ± 1.35 4.31 ± 1.44 4.17 ± 1.96 <.001a,* <.001a,* .531

Recession (mm) 0.87 ± 1.20 1.29 ± 1.54 1.34 ± 1.51 0.48 ± 1.21 <.001a,* <.001a,* .541

CAL (mm) 9.27 ± 2.00 5.52 ± 2.09 5.67 ± 2.06 3.70 ± 2.06 <.001a,* <.001a,* .446

Note: Mean ± standard deviation is reported.

Abbreviations: CAL, clinical attachment level; PPD, probing pocket depth.
aPaired t-test.

*Statistically significant difference at the .05 level.

(a)

(b)

(c)

ba

a b

a b

F IGURE 1 Baseline and reassessment (1-year review) radiographic images of the (a) mesial defect on lower left second molar, (b) distal defect
on lower right second molar and (c) distal defect on lower right second premolar.

MEHTA ET AL. 909
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parameters at 12 months (‘pocket closure’, e.g., PPD ≤ 4 mm and ‘compos-

ite outcome’ of PPD ≤ 4 mm and CAL gain ≥3 mm).

3 | RESULTS

3.1 | Baseline characteristics

A total of 111 patients meeting the inclusion criteria were invited to

participate in the study; 11 declined because of personal reasons.

Recruitment continued until 100 patients were enrolled in the study.

Eighty-four patients attended the 12-month assessment. Reasons for

drop-outs included disruption of treatment due to the COVID-19 pan-

demic and relocation. Table 1 reports the baseline demographic and

clinical characteristics of all patients included in the study, and Table 2

reports clinical and radiographic characteristics of the study sites at

baseline. No statistically significant differences were found between

baseline characteristics of the 84 intrabony defects that completed

the study and the 16 defects lost to follow-up (data not reported).

Statistically significant differences were detected among centres for

TABLE 4 Radiographic measurements at baseline and 12 months (adjusted with correction factor) for the 84 defects that completed the
study.

Radiographic measurements Baseline 12 months Δ 0–12 months p-Value

Total defect depth CEJ– BD (mm) 9.35 ± 3.65 8.01 ± 2.98 1.42 ± 2.55 <.001a,*

Horizontal component CEJ–BC (mm) 3.08 ± 2.06 3.22 ± 1.80 0.01 ± 1.66 .994

Intrabony component BC – BD (mm) 6.27 ± 2.60 4.75 ± 2.09 1.45 ± 1.84 <.001a,*

Intrabony angle (�) 27.2 ± 9.50 30.14 ± 11.25 2.90 ± 9.74 4.08a,*

Note: Mean ± standard deviation is reported.

Abbreviations: BC, bone crest; BC – BD, depth of the intrabony defect; BD, base of defect; CEJ–BC, distance from CEJ to the bone crest; CEJ–BD,

distance from CEJ or restoration margin to base of the defect.
aPaired t-test.

*Statistically significant difference at .05 level.

F IGURE 2 Baseline and 12-month post-operative clinical photographs and radiographs of distal intrabony defect LR2. Baseline probing
pocket depth reduced from 12 to 3 mm on the disto-buccal aspect of the lower right lateral incisor after minimally invasive non-surgical
treatment and splinting.
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baseline plaque score (p < .001) and radiographic defect

depth (p = .028).

Average treatment time per study site was 10 min.

3.2 | Treatment outcomes

Reductions in full-mouth mean PPD, CAL and the number of

PPDs ≥ 5 mm were detected between baseline and both 6- and

12-month examinations (p < .001) (Table 3). Statistically significant

improvements in baseline PPD, CAL and REC were seen in the study

sites at 6 and 12 months (p < .001), while no differences were

detected in any of the clinical parameters between 6- and 12-month

follow-ups (Table 3). Figures 1 and 2 show considerable post-

treatment radiographic improvements, with partial to complete reso-

lution of these defects between baseline and 12 months.

Following MINST, 67% and 79% of defects achieved ‘pocket clo-
sure’ (PPD ≤ 4 mm and PPD ≤ 5 mm, respectively), whereas 58% of

study sites achieved the composite outcome of PPD ≤ 4 mm and CAL

gain ≥3 mm at 12 months (Trombelli et al., 2020). Also, 54% of defects

reached the outcome ‘pocket closure’ combined with no BOP at

12 months. The percentage of ‘pocket closure’ at 12 months was

identical for both shallower (PPD < 7 mm) and deeper (PPD ≥ 7 mm)

sites (66.7% for both).

Minor differences were found between raw and adjusted

radiographic measurements (after application of the correction factor),

suggesting that only minimal distortion occurred despite non-

standardized radiographs. Statistically significant reductions were

seen in radiographic intrabony component and overall defect depth

and an increase in radiographic angle between baseline and both

6-month and 12-month follow-ups (all p < .001, Table 4). Mean radio-

graphic total defect depth reduction and intrabony defect depth

reduction were 1.42 and 1.45 mm, respectively, while the suprabony

component remained almost the same. Defect angle changed from

27.2� at baseline to 30.1� at reassessment.

3.3 | Factors affecting treatment outcomes

Supplemental Material 4 reports the associations between explana-

tory variables and clinical and radiographic outcomes. Deeper baseline

total defect depth and narrower angled defects (<28�) were statisti-

cally significantly associated with greater intrabony defect depth

reductions. Narrower angled defects achieved almost twice more

intrabony defect depth reduction than wider angled defects (1.87 and

0.99 mm, respectively) (p = .036). Staging and grading were not asso-

ciated with the study outcomes.

Linear regression revealed that the initial radiographic defect

depth was statistically significantly associated with defect depth

reduction at 12 months (Table 5). Logistic regression revealed that

narrow-angled defects were significantly associated with pocket clo-

sure (p = .043). No factors reached statistical significance with the

composite outcome (Table 5).

4 | DISCUSSION

To our knowledge, this is the first multi-centre study to analyse clini-

cal and radiographic outcomes of intrabony defects treated with

MINST. The main findings of this study showed significant clinical and

radiographic improvements at 12 months, including a reduction of

approximately 1.5 mm in radiographic measurements.

These findings agree with the outcomes reported in previous

single-centre studies on MINST, providing additional confirmation

that an atraumatic technique, which minimizes tissue damage and

trauma while promoting gingival margin stability and reducing

TABLE 5 Regression analysis of variables associated with intrabony defect depth reduction and clinical outcomes of probing pocket depth
(PPD) < 5 mm and composite outcome (PPD ≤ 4 mm and clinical attachment level gain ≥3 mm).

Linear regression Logistic regression

p-Value (standardized beta)
for intrabony defect
depth reduction

p-Value (OR, 95% CI) for
PPD < 5 mm at 12 months

p-Value (OR, 95% CI) for composite
outcome at 12 months

Age (years) .848 (0.03) .147 (0.96, 0.92–1.01) .525 (0.98, 0.94–1.03)

Plaque score .371 (�0.06) .407 (1.01, 0.99–1.03) .081 (1.02, 0.99–1.04)

Tooth type .572 (�0.15) .355 (0.70, 0.33–1.48) .216 (0.63, 0.30–1.30)

Intrabony defect depth <.001* (�0.87) .569 (1.07, 0.84–1.37) .249 (0.88, 0.70–1.10)

Defect angle

(narrow vs. wide)

.952 (0.02) .043* (0.28, 0.81–0.96) .239 (0.49, 0.15–1.60)

Defect extension .846 (0.08) .546 (1.45, 0.43–4.85) .817 (0.87, 0.27–2.79)

Centre .436 (�0.04) .960 (0.99, 0.85–1.17) .083 (0.87, 0.74–1.02)

R2 .302 .172 .207

Abbreviations: CI, confidence interval; OR, odds ratio.

*Statistically significant difference at the .05 level. Nagelkerke R2 is presented for the logistic regressions.
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chairside time, can substantially improve intrabony defects. In a retro-

spective study of 35 treated defects in 23 patients, the mean intrab-

ony defect reduction of 2.93 mm at 1 year was detected, which is just

over double the reduction observed in this study (Nibali et al., 2015).

Slightly deeper baseline intrabony defect depths of mean 6.7 mm

were included, while the corresponding value in this study was

6.2 mm. It has been well established that deeper intrabony defects

respond more favourably to regenerative surgery (Nibali et al., 2021),

which appears to be consistent with outcomes detected following

MINST in this study and in the literature (Nibali et al., 2015; Nibali

et al., 2018). Furthermore, comparisons of this study's findings with

two randomized controlled trials found similar mean reductions of

1.9 mm (Anoixiadou et al., 2022) and 2.1 mm radiographic defect fill

(Aimetti et al., 2017) in the MINST test group at 12 months. Radio-

graphically, the average defect angle changed from 27.2� at baseline

to 30.1� at reassessment in the present study. Although statistically

significant, the 3� increase was much smaller than the 16� (Nibali

et al., 2015) and 7.6� increase in defect angle (Anoixiadou et al., 2022)

reported in previous studies. The differences observed across studies

could potentially be attributed to smaller sample sizes, the efficacy of

a single operator and heterogenous study designs.

The clinical findings in this study are in keeping with results from

other studies exploring the effects of MINST in intrabony defects.

After 12 months, 84 defects presented with a mean PPD reduction of

4.17 mm, CAL gain of 3.70 mm and REC increase of 0.48 mm. The

results in this study are almost identical to or even slightly better than

observations reported elsewhere (Anoixiadou et al., 2022). In contrast

to a previous retrospective study conducted in a smaller patient

cohort (Nibali et al., 2015), which found a mean reduction of 3.12 mm

PPD, 2.78 mm CAL gain and 0.28 mm increase in REC at 12 months,

this study found greater clinical improvements.

Furthermore, the outcomes achieved in this study with MINST

seem to be consistent with those achieved through periodontal regen-

eration. In a randomized controlled trial comparing MINST and mini-

mally invasive surgery, there were no statistical differences observed

in PPD, CAL and REC (Ribeiro et al., 2023). A non-inferiority random-

ized controlled trial comparing M-MIST (modified minimally invasive

surgical technique) and MINST is currently under way, but the results

are yet to be published (Nibali et al., 2019).

One of this study's strengths is the exploration of the association

between estimated defect characteristics and healing outcomes,

which could lead to better clinical applications of MINST. Deeper and

narrower defects showed greater clinical and radiographic improve-

ments, consistent with findings from previous studies on MINST

(Nibali et al., 2015, 2018) and periodontal regeneration (Nibali

et al., 2020, 2021; Tsitoura et al., 2004). The current study was pow-

ered on a difference of radiographic bone gain between narrower and

wider angled defects (threshold <28�). It is interesting to note that a

statistically significant difference was observed in this outcome, albeit

of a smaller magnitude (1.87 vs. 0.99 mm) than what was originally

hypothesized (3 vs. 2 mm). Defect depth, narrow angle and increased

number of walls are all correlated, as usually the deepest part of the

defect is narrower and associated with the greatest number of

residual walls. While there was a clear association between initial

defect depth and intrabony defect reduction, we must acknowledge

that this may be in part due to the issues of mathematical coupling

and regression to the mean (Tu et al., 2005) rather than some specific

biological characteristics typical of deeper defects. Many regenerative

studies have also highlighted greater chances of treatment success in

defects with a greater number of residual walls (Rosling et al., 1976;

Tonetti et al., 2002). It is worth noting that radiographic estimations

of defect morphology are often inconsistent with intra-surgical find-

ings (Nibali et al., 2023).

While significant centre effects have been observed following

regenerative therapy with enamel matrix derivative (Tonetti et al., 2002)

and guided tissue regeneration membranes (Cortellini et al., 2001), no

statistically significant associations between centre and study outcomes

were detected in the present study. However, variations in success

rates among operators in achieving the composite outcome ranged

from 25% to 100% (p = .038). This variation may be influenced by vari-

ous factors, including the patients' social backgrounds, type of peri-

odontal disease, response to therapy, as well as differences in technical

ability, clinician experience and instruments used (Tonetti et al., 2002).

Ultrasonic/piezo-electric instruments included different makes of slim-

line tips, depending on availability in the participating practices. While

some of these instruments have been used in previous studies investi-

gating MINST, it is very difficult to speculate on the effect of individual

instruments on outcomes at this stage.

The outcomes of periodontal therapy are dependent on mecha-

nisms of wound healing. It is hypothesized that wound healing after

MINST is not too dissimilar from the healing observed after surgical

regenerative therapy (Nibali et al., 2018). Despite the radiographic

improvements seen following regeneration of intrabony defects, ‘bone
fill’ does not prove formation of new cementum with inserting collagen

fibres. Furthermore, it has been shown that despite new bone forma-

tion, junctional epithelium (JE) can be interposed between new bone

and root surfaces (Caton & Zander, 1976). Bone fill or remodelling

appears to take place after MINST, as evidenced by a radiographic

reduction in intrabony defect depth; however, histological studies are

required to determine whether true regeneration occurs (Nibali

et al., 2015). Given that almost no change occurred in the suprabony

component in this study, the discrepancy between the 3.70 mm CAL

gain and 1.45 mm intrabony defect depth reduction could be explained

by the attachment gain deriving from reconstruction of the intrabony

component and formation of long JE. Furthermore, the mechanism of

healing following MINST is supported by studies showing that biomate-

rials are not necessary for regeneration when the intrinsic potential of

the periodontal tissues are optimized (Liu et al., 2016). This may occur

when the molecular regenerative potential of intrabony defects is used

to its full potential (Koidou et al., 2022; Santamaria et al., 2023). Further

studies are needed to evaluate the exact mechanisms of healing follow-

ing MINST to enable clinicians to modify techniques and optimize treat-

ment outcomes.

The main limitations of this study are the lack of control group,

the exclusion of smokers which limit the generalizability of findings

and the use of non-standardized radiographs. However, the possible
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distortions of radiographic images were minimal, and there were no

statistically significant differences in any parameter after the applica-

tion of the correction factor. Radiographic findings in this study are

further strengthened by the analysis being conducted by a single

masked examiner who underwent several calibration steps. In addi-

tion, defect morphology and its influence on treatment outcome could

not be fully ascertained because of the non-surgical nature of the

treatment provided. Another limitation is the different number of

cases treated across operators (ranging from a minimum of 6 to a

maximum of 35). Furthermore, in patients presenting with multiple eli-

gible defects, clinicians selected the study site, potentially introducing

selection bias by favouring defects expected to have a more positive

response to MINST. Further studies are required to assess the factors

that influence treatment response and long-term stability of outcomes

and to assess the wider generalizability of these findings.

5 | CONCLUSIONS

In summary, this multi-centre prospective cohort study confirms, on a

larger scale, the effectiveness of MINST without adjuncts as the sole

therapy of intrabony defects during Step 2 of periodontal treatment.

MINST appears to demonstrate favourable clinical outcomes with

minimal treatment time and adverse events. However, there is no

doubt that to obtain the clinical endpoint of PPD < 5 mm with no

bleeding on probing, surgical intervention might be necessary in some

cases.
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