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Objective: Interproximal reduction generates friction and subsequent heat that may lead to pulpal necrosis.
This systematic review and network meta-analysis aimed to evaluate and rank the mean intrapulpal temperature
increase (°C) associated with various interproximal reduction systems and cooling conditions to identify thermally
safe protocols for clinical practice.

Materials and methods: A comprehensive search of PubMed, Scopus, Embase, WorldCat, and Google Scholar
was conducted through January 31, 2026. Experimental and clinical studies evaluating the mean intrapulpal
temperature increase (°C) during interproximal reduction in human permanent teeth were included. Internal
validity was assessed using the QUIN and RoB 2 tools. A Bayesian network meta-analysis using a random-effects
model was performed to calculate mean differences and 95% credible intervals. The thermal safety of
11 protocols was ranked using surface under the cumulative ranking curve (SUCRA) probabilities.

Results: Eight studies involving 712 interproximal measurement units, comparing 11 protocols, were included
in the systematic review. Rotary tungsten carbide with coolant demonstrated the highest probability of minimizing
temperature rise (SUCRA = 91.56%), followed by rotary low speed with coolant (SUCRA = 87.30%). However,
differences among these highly ranked protocols and the control (hand without coolant) were not statistically
significant. Conversely, non-cooled mechanical techniques were consistently ranked lower, with rotary tungsten
carbide without coolant posing the highest thermal risk (SUCRA = 0.61%).

Conclusions: Rotary tungsten carbide, rotary low speed, rotary, and disc protocols (all with coolant), alongside
hand without coolant, provide comparable thermal safety. Continuous water cooling is critical for motorized
interproximal reduction. Motorized techniques without coolant pose significant thermal risks, particularly rotary
tungsten carbide without coolant, which generates the highest temperature rise and should be avoided. When
a dry working field is clinically necessary, oscillating and hand protocols without coolant serve as favorable alternatives.
Systematic review registration: PROSPERO CRD42022293226

Keywords: heat, interproximal reduction, network meta-analysis, orthodontics, temperature

How to cite: Kaewsirirat P, Chaweewannakorn C, Saengfai NN, Satravaha Y. Ranking of interproximal reduction
techniques by intrapulpal temperature changes: a systematic review and network meta-analysis. M Dent J
2026;46(2): 149-184.

y ey

Introduction

various protocols, including manual handheld
strips and motorized systems such as rotary burs

Interproximal reduction (IPR)—alternatively  (diamond or tungsten carbide), diamond discs,
known as stripping, slenderization, or reproximation—  and oscillating stripping systems. It is primarily
is a procedure used to reduce the mesiodistal indicated to create space for aligning mild to
width of teeth. This procedure is performed using moderate crowding, resolving Bolton tooth-size
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discrepancies, and improving the stability of
results [1]. Besides space creation, IPR can
enhance dental and gingival aesthetics. For
instance, it is effective in preventing or reducing
black triangles, which often appear after aligning
crowded teeth in adult patients [2]. The shift
toward non-extraction goals has made IPR a key
component for achieving optimal results with clear
aligners. This approach allows for precise tooth
reshaping, helping clinicians maintain stable arch
dimensions without resorting to overexpansion or
tooth removal [3]. However, despite these benefits,
the friction generated during IPR produces heat
that is transmitted to the dentine—pulp complex
[4-6]. In a classic in vivo study on Macaca rhesus
monkeys, applying external heat to the enamel of
healthy permanent teeth (both anterior and
posterior) for 5 to 20 seconds demonstrated that
an intrapulpal temperature rise of 5.5°C was
associated with irreversible pulpal injury in 15% of
cases. This risk increased to 60% with a rise of
11.1°C, and total pulpal necrosis invariably
occurred when the temperature increased by
16.6°C [7]. In orthodontic practice, mechanical
IPR generates substantial frictional heat. Without
adequate cooling, this friction can easily elevate
intrapulpal temperatures beyond these critical
thresholds, risking pulpal degradation. Therefore,
understanding the thermal behavior of different
IPR protocols is essential to maintain biological
safety limits during chairside procedures [8].
Several technical and biological factors
influence the magnitude of this temperature rise.
The thickness of the residual dentin acts as
a thermal barrier; therefore, teeth with thinner
calcified tissues are at a higher risk of thermal
damage. Instrument variables also play
a significant role, including the type of tool,
rotational speed, and the amount of pressure
applied by the clinician. While manual handheld
strips are generally associated with lower heat
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generation due to their slow application, motorized
systems are faster but more likely to produce high
frictional temperatures [9]. These factors interact
dynamically during treatment; for instance, high
speed and increased clinician pressure may
further compound thermal risks, particularly in
teeth with thin residual dentin. Among these variables,
the presence or absence of a coolant is the most
critical and influential factor governing pulpal
safety. Water coolant is the most effective method
for dissipating frictional heat and preventing
odontoblast aspiration. However, the use of water
coolant can obstruct clinical visibility and cause
patient discomfort, which leads some practitioners
to perform IPR dry [10]. Evidence suggests that
using high-speed rotary instruments without any
coolant, particularly on mandibular incisors, can
easily exceed the 5.5°C danger threshold [11, 12].

The current literature on IPR-related
temperature changes consists primarily of in vitro
studies focusing on pairwise comparisons of two
or three techniques, often yielding inconsistent
results due to variations in experimental setups
[5, 6, 11-15]. Furthermore, in vitro models may
overestimate temperature changes because they
lack physiological pulpal blood flow and
periodontal tissues, which act as natural heat
sinks in vivo [4]. A preliminary database search
identified one closely related review which
compared heat generation specifically between
manual metal strips and motor stripping discs.
While that review shares a similar objective, it was
limited to a conventional pairwise meta-analysis of
only four in vitro studies restricted to those two
modalities [16]. Furthermore, outcome measures
vary across primary literature, with some studies
reporting absolute maximum temperatures (T, )
and others reporting net temperature rises (AT).
This methodological heterogeneity and data
fragmentation make conventional pairwise meta-
analysis insufficient to simultaneously compare
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and safely rank the 11 distinct interventions involved
in our current review. Network meta-analysis
(NMA) provides an appropriate statistical
framework to overcome these limitations.
By applying mathematical standardization to
continuous temperature outcomes, NMA seamlessly
integrates both direct and indirect evidence from
multiple studies. This allows for the simultaneous
comparison and comprehensive ranking of all 11
IPR protocols under a unified statistical model,
identifying thermally safe protocols for clinical
practice [17, 18]. This systematic review and NMA
aims to evaluate and rank the intrapulpal
temperature changes associated with different
IPR systems and cooling conditions to identify
thermally safe protocols for clinical practice.

Materials and Methods

Protocol and Registration

This systematic review and NMA was
conducted following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 statement and its extension for
NMA[17,18]. The study protocol was prospectively
registered in the International Prospective Register
of Systematic Reviews (PROSPERO) under the
registration number CRD42022293226.

Search Strategy and Information Sources
PubMed, Scopus, Embase, and WorldCat
were searched from inception through January 31,
2026, without language or publication restrictions.
WorldCat was utilized to capture grey literature,
including academic theses and dissertations,
to minimize publication bias. The search strategy
was constructed using PICO terms, combining
MeSH terms (specifically for PubMed and Embase)
and free-text keywords (for all databases) related
to teeth, interproximal reduction, and intrapulpal

temperature changes (detailed in Supplementary
Table S4: Full Electronic Search Strategy). For
non-English articles, screening and data extraction
were facilitated by Deepl Translator (version
2026, DeeplL SE, Cologne, Germany). Additionally,
the first 200 results from Google Scholar, sorted by
relevance, and the reference lists of all included
studies were manually screened to identify further
eligible literature [19]. Duplicates were identified
and removed using EndNote software (version 21,
Clarivate, Philadelphia, PA, USA). A post-hoc
search amendment was conducted to include the
Thai Journal Online (ThaiJo) database through
May 10, 2026, using identical search terms, which
yielded no additional primary studies that met the
inclusion criteria.

Eligibility Criteria

Studies were selected based on the PICOS
framework:

o Participants (P): Studies were included if
they evaluated permanent human teeth. For in
vitro designs, this encompassed extracted sound
human teeth (free from caries, extensive restorations,
or anatomical defects) with no age-of-extraction
restrictions. For in vivo clinical trials, this included
healthy human participants (with no specific age
restrictions, provided they possessed fully erupted
permanent dentition) undergoing orthodontic
treatment with sound interproximal contact points.

e Interventions (1) and Comparators (C):
Any manual or mechanical IPR technique with or
without cooling protocols.

o QOutcome (O): Mean changes in intrapulpal
temperature measured in degrees Celsius (°C).

o Study Design (S): In vitro experimental
studies and in vivo clinical trials.

Exclusion Criteria

Studies were excluded from this systematic
review if they met any of the predefined exclusion
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parameters. Specifically, secondary literature—
encompassing systematic reviews, narrative
reviews, traditional meta-analyses, case reports,
and case series—was omitted to ensure that the
quantitative data synthesis relied entirely on
primary experimental or clinical trials. Furthermore,
to eliminate confounding baseline variables,
investigations involving primary teeth or
endodontically treated teeth were excluded.
Single-arm or non-comparative descriptive designs
that lacked a parallel concurrent comparator group
were strictly excluded, as they are mathematically
incapable of providing the continuous mean
differences necessary for network node integration.

Data Extraction and Classification of Interventions

Two independent reviewers (PK and CC)
extracted the data using a standardized extraction
form, with any disagreements resolved through
discussion with a third reviewer (NNS). For studies
reporting multiple subgroups (e.g., varying
rotational speeds or different tooth types), data
were pooled using the standard Cochrane formula
to generate a single representative mean and
standard deviation for each standardized
intervention category. To ensure methodological
consistency across the network, this pooling
approach was applied to datasets from Baysal, et
al. [11], Omer and Sanea [6], and Pereira, et al.
[15]. IPR methods were categorized based on the
primary instrument and the cooling condition (with
or without coolant). The primary techniques
included discs, handheld strips (Hand), oscillating
systems (Osc), and rotary systems (subdivided by
bur type, such as diamond or tungsten carbide
(TC), and speed). This classification resulted in
11 intervention nodes:

1. Disc with coolant: Stripping disc with
air-water spray

2. Disc without coolant: Stripping disc
used dry
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3. Hand without coolant: Handheld strips
used dry

4. Osc with coolant: Oscillating stripping
system with air-water spray

5. Osc without coolant: Oscillating stripping
system used dry

6. Rotary low speed with coolant: Low-
speed micromotor with air-water spray

7. Rotary low speed without coolant: Low-
speed micromotor used dry

8. Rotary TC with coolant: Tungsten
carbide bur with air-water spray

9. Rotary TC without coolant: Tungsten
carbide bur used dry

10. Rotary with coolant: High-speed
diamond bur with air-water spray

11. Rotary without coolant: High-speed
diamond bur used dry

Risk of Bias Assessment

The internal validity of the included studies
was evaluated independently by two reviewers,
with disagreements resolved by the third reviewer.
The risk of bias assessment for in vitro studies
was performed using the Quality Assessment Tool
for In Vitro Studies (QUIN Tool) across 12
standardized domains [19]. Each domain was
scored as 2 (adequately specified), 1 (inadequately
specified), or 0 (not specified), and the overall
percentage score was used to classify the studies
into low risk (>70%), moderate risk (50%—-70%),
or high risk (<50%) of bias. For the in vivo study,
the Cochrane Risk of Bias tool (RoB 2) was utilized
to evaluate bias across five distinct chronological
domains [20].

Network Meta-Analysis and Statistical Synthesis
The Bayesian network meta-analysis followed
a random-effects model using Metalnsight [21].
Within the Metalnsight computational framework,
Bayesian inference was automated using standard
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vague (non-informative) priors for both treatment
effects and the between-study heterogeneity
variance. The underlying Markov Chain Monte
Carlo (MCMC) sampling was conducted using the
software’s predefined automated convergence
algorithms to ensure stability. Model convergence
was verified internally within the R-backed
interface, and consistency between direct and
indirect evidence was rigorously confirmed via the
automated node-splitting approach. This model
addressed variability across different study
designs and experimental settings. Outcomes
were reported as mean differences (MDs) with
95% credible intervals (Crls). The 11 IPR protocols
were ranked by surface under the cumulative
ranking curve (SUCRA) values, where higher
percentages indicate better thermal safety [22].
It is important to note that while SUCRA values
provide a relative hierarchy of the interventions,
a higher SUCRA percentage does not inherently
imply statistical significance between the
compared protocols. The node-splitting approach
was used to identify any inconsistency between
direct and indirect evidence. Subgroup analyses
were planned to explore potential sources of
heterogeneity, such as tooth type. However, these
subgroup analyses were ultimately not feasible to
execute due to the limited number of included
studies (n=8) and insufficient data stratification
within the primary literature. Subdividing the data
would have broken the statistical links within the
network loops, leading to unresolvable disconnected
nodes. Funnel plots and Egger’s test were omitted
because the limited number of studies (n=8) lacks
sufficient statistical power for detecting publication
bias [23].

Sensitivity Analysis

The sensitivity analysis involved removing
the in vivo study to check the stability of the
rankings. This compared findings from the full

network against data from in vitro models alone.
The focus was on how physiological heat sinks,
specifically pulpal blood flow and periodontal
tissues, influenced temperature changes
compared to laboratory conditions. To evaluate
network robustness, the primary and sensitivity
analyses were statistically compared based on
relative treatment estimates (mean differences)
and Surface Under the Cumulative Ranking Curve
(SUCRA) values. Stability was pre-defined as the
preservation of the relative treatment ranking
hierarchy (ensuring no major inversions of the top-
and bottom-ranked protocols) accompanied by a
substantial overlap in the 95% credible intervals
(Crls) between both models.

Certainty of Evidence Assessment

The certainty of evidence for all treatment
comparisons was evaluated using the Confidence
in NMA (CINeMA) framework. Confidence was
assessed across six domains: within study bias,
reporting bias, indirectness, imprecision,
heterogeneity, and incoherence. Each pairwise
estimate was categorized as having high,
moderate, low, or very low confidence based on
the structured evaluation of contributing studies
[24].

Results

Study Selection

The initial electronic database search
yielded a total of 1,243 records, distributed
as follows: PubMed (n=140), Scopus (n=894),
Embase (n=25), and WorldCat (n=184). An additional
200 records were identified through a manual
search of the first 200 Google Scholar results.
The systematic study selection process, following
the PRISMA 2020 flow diagram, is illustrated in
Figure 1.
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Figure 1

PRISMA 2020 flow diagram. tone study excluded from NMA due to significant local

inconsistency discovered during node-splitting analysis

After the removal of duplicates and
subsequent screening of titles and abstracts, a
total of 10 reports were then sought for full text
eligibility assessment. Upon detailed review, two
studies were excluded: one review article and one
single arm study. Consequently, eight studies met
the inclusion criteria for the systematic review.
However, to maintain strict methodological and
statistical consistency within the quantitative
analysis, the final core NMA model synthesized
seven in vitro studies. The single in vivo report was
not excluded during the initial screening because
it fully satisfied our baseline clinical eligibility
criteria; however, it was systematically transitioned
to a dedicated sensitivity analysis framework. This
decision was mathematically driven by the node-
splitting analysis, which identified that its divergent
methodology introduced significant local
inconsistency into the full network, which was
successfully resolved upon its isolation.
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Characteristics of the Included Studies

A total of eight studies (seven in vitro and
one in vivo) were included in this systematic
review, providing a cumulative sample size of
712 interproximal measurement units. Of these,
seven studies were ultimately included in the
quantitative network meta-analysis (NMA),
whereas one study was excluded from the NMA
synthesis due to significant local inconsistency
detected during node-splitting analysis.
The extracted data and specific IPR protocols
for each study are summarized in Table 1.
Key parameters include study design, intervention
groups, sample size per group, operational speed,
and cooling conditions. Furthermore, the
table reports the primary outcome—mean
intrapulpal temperature rise (AT + SD)—along with
the specific measurement instruments included
Type J/Type K thermocouples and a thermal
camera.




Intrapulpal temperature changes during IPR

¢G'0+60¢

6L 0+cc)

8L'0+ €90

¢l +€09

G8'0+3G6¢

er'c+0v'.

8L +0C9

g ues|y

(M odAL)
a|dnooowsy |

(093 ¥I74)
BlaWed

|lewusy |

8o1neQ
JuswiaInses|\

JUB|000D Ja)eA

JUB|00D JNOYAN

JUBJ00D JNOUIIAN

JUB|00D INOUIIAN

JUB|00D JB)eA\

JUB|00D JNOYIAA

JUBJ00D INOUIAN

uonipuo)
Buijoon

(10104-11V)
paads ybiH

wolsAs

Buneljioso

[enuep

(J010-11Yy)
paads ybiH

(10104-41Y)
poaads ybiH

(J0104-41Y)
paads ybiH

(4ojowolI2IN)
poads Mo

paadg

(sJejowaid "pue B "XeIA) (Ing eplgted usysbuny)

/L =u 01 Aejoy
(Slejowsid "pueiy g Xe) QIERSED) (0202
Ll =U 2= ‘ONIA Uf)
(slejowaid "pueiy 1 "XeN) (duis puey [e19N) [v] /e 1o
JlL=u pueH ‘ebueg
(SJOSIOUl "PUBIN Q| ‘Seulued
‘PUBN 0L
‘slosioul [eseie| "Xe\ 01)
0E=uU (UJng puowelq) Aseijoy
(sJ0sIoUl "PUBIA 0| ‘SBulued
‘PUBN 0L
‘slosioul [eiaie] ‘Xe\ 01)
og=u (UJng puowelq) Asejoy
(slosioul "pue Q| ‘seulued
‘PUEBIN OL
‘slosioul [eisie] "Xe 01) (Ing eplaled usysbuny)
0¢ =u 01 Aejoy
(sJosioul "pue O} ‘seulued (6102
‘PUEIN OL ‘oapn uy)
‘siosioul [elsle| XelN QL) (OSIp PUOWEIP PajeIOHad) [cL] 1eJs
oc=u asid Hnwy
(1es A
(u) spun (Pesn 821n8Q [ENJOY) ‘adA | Apnig)
Juswainseaw |ewixoidiayuj dnols uonuaniayu| Apnis
'S8IpN1S papn|oul 8y) Jo sBulpuly aAlelluenb pue sonsieloeley) | o|qel

Academic_Journal_Unit 155

http://www.dt.mahidol.ac.th/division/th




(J0104-41Y)

(siejowaid)

Prachworrakit Kaewsirirat, et al

9r'0F20¥ Juejooo JnoylpN - peeds ybiH lg=u (4ng puoweiq) Aejoy
(JOJOWOUDIN) (siejowalid) (osIp puowelq) (€202
IWOoFLEY JUE|00D INOYLAA pasds moT lc=U asid “0IA uj)
(M 8dAY) (sJejowsald) (diuis |e1sIn) [G] ‘e 1o
SY'0F 2GSz o|dnooowusy]  JUej00D INOYNAA [enuep L1Z=U pueH ‘eieq
(sJejowsud
‘PUBIA O] ‘Seulued "puen Q|
(1030U-U1YY) ‘siosioul ‘pue 0l) (Ing epialed usysbuny)
967 L FLLY JUB|00D JNOYIM  paads YbiH og=u 01 Aejoy
(siejowsud "puey 0L
‘saulued ‘pueN 0l
(JOJOWOUDIN) ‘siosioul ‘pue 0l) (0sIp pejeloped)
€21 F16°¢ JUE|00D JNOYIAA pasds moT og=u osid
(siejowaud ‘puep Ol (L002
‘saulued ‘pue 0l ‘oJyIn UYf)
(rodA1) ‘slosioul ‘pueiy 01) (diss [e3o|N) IANERE
(€L F69°0 o/dnodowssyl  JUB00D INOYUAA [enuep 0g =u pueH ‘lesAeg
(1es A
22I1Ana(g uonipuoD (u) spun (pasn @21n8Q [BNOY) ‘adA] Apnis)
a ues|y JuUBWaINSES|\ Buijoon paads Juswainsesw |ewixoidiaiu| dnols) uonuaniByu| Apnis
(penuUOD) "SaIpPN}S PapPN|oUl 8y} JO sBulpUly aAlleUEBND pUR SolslIsloeley) | d|gel

MAHIDOL DENTAL JOURNAL

156 M Dent J 2026 August; 46 (2): 149-184




Intrapulpal temperature changes during IPR

[S0F /ST

LE0F Y0

F60TFEL

€6'0+990

07’0+ 9590

890+ 9¥0

690 F L0°)

0G0+ 190

910+ Lc0

g ues|y\

(redAl)
a|dnooouwliay |

(M 8dAL)
a|dnooouwliay |

(M 8dAL)
a|dnooouwlay |

8o1neQ
JuswiaInses|\

JUBJ00D INOUIAA

JUBJ00D INOYIIAN

JUB|00D JNOYNIAA

JUB|00D Ja)eA\

JUB|00D JNOUIAN

JUB|00D JB)eA\

JUB|00D JNOYIIAA

JUB|00D J8)BA

JUB|00D INOYIAN

uonipuod
Buijoon

(JOJOWOJDIN)
paads Mo

|lenuen

(40104-41Y)
paads ybiH

(40104-41Y)
poaads ybiH

wo)sAs
Bunejjioso

wielsAs
Bune||ioso

(JOJOWOUDIN)
paads moT
(JOJOWOUDIN)

poaads Mo

|lenuen

paadg

(PBNUNUOY) "s8IpNIS papn|oul 8yl jo sBulpull aAnelluenb pue soisLsoeleyD

(Slejow ‘puep ¢l
‘siejowald ‘puen €|
‘sI0SIoUl "PUBN €1)
,6€=U

(slejow ‘puep ¢l
‘siejowald ‘puen €|
‘sI0SIoUl "pUBp €1)
ee=u
(ssejowaud)

9¢=u

(slejowald)

eL=u

(slejowald)

9¢=u

(s1ejowsald)

elL=u

(slejowald)

9¢ =u

(ssejowaud)

eL=u

(slejowald)

€L =u

(u) spun

Juswalnseaw |ewixoidiaiu|

(oslp psjelopiad)
osig

(dins e N)
pueH

(4ng puoweiq)
Aiejoy

(4ng puowelq)
Aiejoy

CINRSE))
2SO0

(1 ddl)

23S0

(oslp puowelq)
s

(osIp puowelq)
asIg

(dys jenuey)
pueH

(pesn @218 [BNJOY)
dnolg uonuaniayu|

(¥1L02
‘0N Uf)
[SL] /e e
‘ellalod

(6102
‘0JIN UY)

[9] BOUBS
pue JawQ

(610¢C
‘oI UY)

[9] BOUES
pue JswQ

(1es A

‘adA1 Apnmig)

Apmis
| 8lqel

Academic_Journal_Unit 157

http://www.dt.mahidol.ac.th/division/th




Prachworrakit Kaewsirirat, et al

MAHIDOL DENTAL JOURNAL

“(sel0bBeed Y100} J0 spaads jualayip “Bo)

sdnoiBgns aApoadsal Jiay) WOlj POALISP SUOHEIASP plepuels psjood pue sueaw pajyblem jussaidal [GL] /e 1o ‘Blialed pue ‘[9] eaues pue JswQ ‘[L1] /e Jo ‘|esheq Joj sanjep :eyed pajoodt

‘sisAjeue [eonsnels Joj seipnis Atewiid sy ul papodal

se (AleAnoadsal ‘Yjea) O WOlj S80eLNS 08 PUE Ues) gE WOl saoepns g/) sBuipeal/sadeuns [ewixoldisiul Jo Jaquinu ayy juasaidal sanjea ayy ‘[g1] /e jo ‘[eByss pue [GL] /e jo ‘elioiad 1044

Y8l +G6'C

0€'0+S90

8Y'L + LEY

8L0+¥E'L

0€'0+6€'L

L0l +06')

G6'0+09°¢

180+ 99|

L0+ 08¢

g ues|y\

(M 8dAL)
a|dnooowlay |

(M 9dAL)
a|dnooouwliay |

(rodA1)
a|dnooouwliay |

201ne(g
JuswiaInNses|\

JUB|00D INOUIIAN

JUB|00D J8)AN

JUBJ00D JNOUIIAN

1UB|00D J81BA

JUB|00D INOUIAA

JUB|000 JB).A\

JUE|00D INOYIAN

uonipuod
Buijoon

(10104-11Y)
poaads ybiH

(J0j04-41Y)
paads ybiH

(JoJoWouOIA)
paads Mo

(JOJOWOUDIN)
paads Mo

|lenuen

(10104-11Y)
paads ybiH

(JOJOWOJOIN)
poaads Mo
(JOJOWOJOIN)

paads Mo

|lenuep

paads

(PeNURUOD) "sBIPN]S PapN|oul 8y} Jo sBulpul) 8AlEIIUEND pue SoisusloeIeyD

(stejowald)
Oc=u
(siejowald)
Oc=u
(siejowalid)
Oc=u
(siejowaid)
Oc=u
(siejowalid)
Oc=u
(siejowalid)
,0c=u
(siejowalid)
,0c=u
(siejowalid)
,0c=u
(ssejowald)
,0c=u

(u) spun
Juswalinseaw |ewixoidiayul

JBINQIPUBIN "PUBI ‘AJB||IXBIN ' XBN

(InQ epigted usysbuny) (1202
D1 Aejoy ‘0Ll Uj)
(Ing eplgted usysbuny) FAANERE]
01 Aejoy ‘IPOOA
(oslp puowelq)
osId
(9slp puowelq) (1202
251 ‘0N Uj)
(dis [enuen) ANERE]
pueH ‘IPOOA
(4ng puoweiq)
Aiejoy
(4ng puoweiq)
Aiejoy
CDQ UCOEm_Dv Amw_\ON
Aiejoy ‘A uj)
(diys puowelq) ANERE
pueH ‘lebyes
(1es A
(pesn ®o1A8Q [BN1OY) ‘adAL Apnig)
dnols) uonuaniByu| Apnis
|l 8lqel

158 M Dent J 2026 August; 46 (2): 149-184




Intrapulpal temperature changes during IPR

E——————————————————————————————————————————————————————————————————————————————————————————— VRHIDOLDENTAL JOURNAL

Risk of Bias Assessment

The risk of bias assessment for the included
studies is summarized in Table 2. The overall risk
of bias across the studies ranged from low to
moderate. For the seven in vitro studies, the QUIN
tool was used to evaluate twelve criteria. Most
studies were categorized as having a low to
medium risk of bias (>50% score). Common
strengths included clearly stated aims and
detailed explanations of the methodology.
However, some concerns were noted regarding
the inability to blind operators to the instrument
used during the IPR procedure. The in vivo study
was assessed using the Cochrane RoB 2 tool and
was judged as a low risk or some concerns.
Similar to the in vitro studies, operator blinding
was not feasible. Furthermore, the in vivo study
showed a low risk of bias in the domains of
missing outcome data and selection of the
reported results. The interreviewer agreement for
the risk of bias assessment was high, with
a Cohen’s Kappa coefficient of 0.85, indicating
strong reliability between the assessors.
No studies were excluded based on the risk of
bias assessment, as all provided sufficient data
for the NMA.

Network Geometry

Figure 2 displays the network of evidence
for the 11 IPR protocols evaluated in this study.
Each node in the diagram represents a specific
intervention, with the node size being proportional
to the total sample size included for that protocol.
The lines connecting the nodes represent direct
head-to-head comparisons, and their thickness is
proportional to the number of studies available for
each pair. The network is fully connected with no
isolated nodes, which allows for the estimation of both
direct and indirect evidence across all protocols.

Osc
without Hand
coolant without
Osc with coolant
coolant
Disc with
coolant
Rotary
Low speed
without
coolant Disc
without
coolant
Rotary
TCiwith
coolant
Rotary TC
without
Rotary coolant
with
coolant Rotary Low
Rotary speed with
without coolant
coolant

Figure 2 Network geometry of the 11 IPR protocols.

Table 2 Summary of risk of bias assessment of included studies.

Study Study Type Assessment Tool
Amuk et al. [12] In vitro QUIN
Banga et al. [4] In vivo RoB 2
Baysal et al. [11] In vitro QUIN
Dara et al. [5] In vitro QUIN
Omer and Sanea [6] In vitro QUIN
Pereira et al. [15] In vitro QUIN
Sehgal et al. [13] In vitro QUIN
Voodi et al. [14] In vitro QUIN

Score (%) / Judgment Overall Risk of Bias

83.30% Low risk
Some concerns Medium risk’
70.80% Low risk
75.00% Low risk
75.00% Low risk
83.30% Low risk
83.30% Low risk
75.00% Low risk

T 'Some concerns' in RoB 2 is interpreted as moderate/medium risk in the context of systematic reviews.
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Assessment of Inconsistency

Local inconsistency within the network was
evaluated using the node-splitting method, which
allows for the comparison of direct and indirect
evidence for each specific node. In the initial
analysis of the full network, significant local
inconsistency was identified. Specifically, the
comparison between rotary TC with coolant and
disc without coolant exhibited a substantial
discrepancy between direct and indirect evidence
(P =0.001075; Supplementary Figure S1).

The presence of this significantinconsistency
indicated that the pooled network estimates were
likely influenced by study heterogeneity or an
outlier, which could potentially bias the final results
and treatment rankings. Consequently, a detailed
investigation was conducted to identify the source
of this conflict, prompting a sensitivity analysis
(as detailed in Sensitivity Analysis). This procedure
ensured that the final results reported in this study
were derived from a stable and consistent network
model, thereby providing more reliable estimates
of the treatment effects.

Sensitivity Analysis

To address the local inconsistency identified
in the full network, a sensitivity analysis was
conducted by excluding the single in vivo study
due to its divergent methodology. Following this
exclusion, the refined network comprised 7 studies
with 661 interproximal measurement units.
Re-evaluation using the node-splitting method
confirmed that the previously identified inconsistency
was resolved, with all comparison nodes
demonstrating agreement between direct and
indirect evidence (p > 0.05). Despite this exclusion,
the network still retained all 11 standardized
intervention categories. When directly compared
against the primary 8-study network, the relative
hierarchy of the treatment rankings remained
highly consistent, with only minor ranking shifts

160 M Dent J 2026 August; 46 (2): 149-184

observed specifically within the oscillating system
protocols, while rotary tungsten carbide with
coolant consistently maintained the top rank.
Furthermore, a substantial, near-total overlap was
observed in the 95% credible intervals between
both models, confirming the high stability and
robustness of our findings.

Network Meta-Analysis Results

The NMA was performed using the refined
dataset (excluding the single in vivo study)
to evaluate the thermal safety of the 11 IPR protocols.
A subgroup analysis based on tooth type was not
feasible due to the disproportion of tooth categories
across the included studies; thus, the results represent
the pooled thermal effects across all tooth types.
The overall findings are summarized in the league
table (Table 3) and the forest plot (Figure 3).

Compared to the control group (hand
without coolant), three specific protocols
demonstrated a statistically significant increase in
intrapulpal temperature: disc without coolant,
rotary TC without coolant, and rotary without
coolant. In contrast, protocols utilizing water
coolant, oscillating systems (with or without
coolant), and rotary low speed without coolant did
not show a statistically significant temperature
increase relative to the control.

Direct comparisons between identical
instruments used with and without water cooling
revealed significant thermal differences for
specific protocols. Rotary TC exhibited the most
substantial reduction in heat when used with
coolant (MD 3.85; 95% Crl: 2.34, 5.39). Significant
cooling effects were also observed for the disc
(MD 1.65; 95% Crl: 0.63, 2.74) and rotary
(MD 1.65;95% Crl: 0.58, 2.70) protocols. However,
for the oscillating system, the thermal difference
between the cooled and non-cooled versions was
not statistically significant (MD 0.10; 95% Crl:
-1.56, 1.76).
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Compared with Hand without coolant

Disc with coolant

Disc without coolant

Osc with coolant

Osc without coolant

Rotary Low speed with coolant
Rotary Low speed without coolant
Rotary TC with coolant

Rotary TC without coolant

Rotary with coolant

Rotary without coolant

Mean Difference (95% Crl)

0.07 (-0.98, 1.10)
1.72 (1.02, 2.45)
0.29 (-1.09, 1.69)
0.39 (-0.98, 1.76)
-0.84 (-2.33,0.71)
1.01 (-0.50, 2.57)
-1.01 (-2.43, 0.36)
2.83 (1.81, 3.84)
-0.21 (-1.15, 0.75)
1.44 (0.51, 2.36)

T
++f i

Figure 3 Forest plot of the NMA showing the mean differences in intrapulpal temperature rise of all IPR
protocols compared to hand without coolant.

Treatment Ranking

The relative thermal safety of the 11 IPR
protocols was determined using Surface Under
the Cumulative Ranking (SUCRA) values (Table 4).
Higher SUCRA percentages represent a greater
probability of the protocol being the least intrapulpal
temperature rise (Figure 4). Based on the ranking
analysis, rotary TC with coolant was identified as
the least intrapulpal temperature rise (SUCRA
91.56%), followed by rotary low speed with coolant
(SUCRA 87.30%) and rotary with coolant (SUCRA
72.32%). Hand without coolant (63.79%) and disc
with coolant (61.26%) also demonstrated favorable
safety profiles. However, despite these numerical
differences in SUCRA values, the differences
among these top ranked protocols were not
statistically significant when compared to the hand
without coolant control or even among themselves
(Table 3). This indicates that these five protocols
offer comparable clinical thermal safety, suggesting
that any of these methods could be utilized with
similar safety outcomes. Furthermore, Oscillating
systems showed consistent safety rankings
regardless of coolant use (SUCRA 53.74% with
coolant and 50.25% without coolant). The thermall
difference between the cooled and non-cooled
versions of the oscillating system was statistically
non-significant (MD 0.10; 95% Crl: -1.56, 1.76).
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Figure 4 SUCRA plot for the 11 IPR protocols.
Due to space limitations, protocols are
labeled in descending order of thermal
safety (from lowest to highest probability
of intrapulpal temperature rise during
IPR procedures) as follows: (A) Rotary
TC with coolant; (B) Rotary low speed
with coolant; (C) Rotary with coolant;
(D) Hand without coolant; (E) Disc with
coolant; (F) Osc with coolant; (G) Osc
without coolant; (H) Rotary Low speed
without coolant; (1) Rotary without
coolant; (J) Disc without coolant; and
(K) Rotary TC without coolant.
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Publication Bias

Publication bias was not formally assessed
using funnel plots or statistical tests for asymmetry
(e.g., the Egger’s test) because the total number
of studies included in this NMA was fewer than ten
[25].

Discussion

This NMA establishes a comprehensive
hierarchy of thermal safety for 11 IPR protocols
based on a robust model. Our findings identify
rotary TC with coolant demonstrating the lowest
probability of intrapulpal temperature increase.
However, the differences among the top-ranked
protocols (i.e., rotary TC with coolant, rotary low-
speed with coolant, rotary with coolant, hand
without coolant, and disc with coolant) were not
statistically significant. This indicates the existence
of a safety cluster where these methods
demonstrated no statistically significantdifferences
in thermal elevation among themselves. However,
it is crucial to note that the absence of statistical
significance does not definitively imply absolute
clinical equivalence. Given the limited sample
sizes and wide credible intervals in certain network
links, this lack of significant difference should be
interpreted with caution rather than as a proof of
complete thermal parity. Conversely, dry
mechanical stripping poses a significant thermal
hazard. Rotary TC without coolant was identified
as the highest-risk protocol for intrapulpal
temperature increase, alongside other non-cooled
motorized instruments such as disc without coolant
and rotary without coolant.

In the absence of coolant, Rotary TC without
coolant exhibited the highest temperature rise,
significantly higher than Rotary without coolant
and disc without coolant. This is driven by both
material properties and cutting mechanics. Unlike
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diamond instruments, which abrade the enamel
and generate heat through continuous friction
across a broad surface area, TC burs operate via
a shearing mechanism using high-speed metallic
flutes. When used dry, the high thermal conductivity
of the TC metal alloy rapidly transfers the intense
frictional heat from this shearing action directly
into the pulpal chamber. Conversely, when water
coolant was introduced, Rotary TC transitioned to
the lowest probability of intrapulpal temperature
increase. This response is directly related to the
bur's flute geometry, which acts as highly efficient
internal irrigation channels. These flutes facilitate
superior coolant circulation directly to the cutting
edge and immediate clearance of enamel chips.
Diamond instruments are highly prone to clogging,
where debris becomes trapped between the
abrasive grits [26]. This clogging creates a smear
layer on the tool's surface that increases baseline
friction and obstructs the cooling efficiency of
water, explaining why Rotary with coolant did not
achieve the same level of thermal stability as
Rotary TC with coolant [27].

When comparing low-speed and high-
speed instruments in non-coolant situations, the
significant temperature rise associated with non-
cooled diamond discs challenges the common
assumption that low speed instruments are
inherently cooler. Despite operating at lower
rotational speeds, the disc without coolant
generated a higher mean temperature rise than
rotary without coolant. This phenomenon can be
attributed to the physical dimensions of the
instrument. Discs possess a larger surface contact
area compared to cylindrical or tapered burs. This
expansive contact generates continuous and
extensive friction against the enamel surface [11].
Furthermore, low speed micromotors typically
deliver higher torque. This mechanical
characteristic often prompts clinicians to apply
greater and prolonged pressure to achieve the
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desired amount of enamel reduction, which leads
to rapid heat accumulation [28].

The consistent safety profile of oscillating
stripping systems maintained favorable rankings
regardless of whether water coolant was applied.
The thermal difference between the cooled and
non-cooled oscillating protocols was statistically
non-significant. This thermal stability is attributed
to their motion dynamics. Unlike the continuous
360-degree rotation of burs or discs, the
reciprocating or back-and-forth motion of
oscillating systems ensures intermittent tooth
contact, thereby preventing the continuous
accumulation of heat [6]. Consequently, oscillating
systems present a safe motorized alternative for
IPR, particularly in clinical scenarios where
maintaining a dry working field is preferred for
optimal visibility or moisture control. While this
NMA relies on in vitro data, these findings must be
interpreted within a biological context. Clinically,
active pulpal microcirculation and the heat-
dissipating capacity of periodontal tissues
naturally buffer against thermal stress, suggesting
that in vitro models may slightly overestimate
absolute temperature rises [29]. However,
anatomical variations influence thermal
vulnerability. For instance, mandibular incisors
possess minimal residual dentin thickness
compared to premolars or molars, reducing their
natural insulation. Consequently, heat transfers to
the pulp more rapidly in these anterior teeth [12].

Furthermore, modern biological evidence
indicates that pulpal protection should be
evaluated based on cellular stress rather than
solely the traditional 5.5°C threshold [7]. Although
the dental pulp initiates a defense response via
heat shock protein 70 (HSP70) during thermal
stress, prolonged heat can overwhelm this
mechanism and trigger apoptosis [9]. This
biological risk is further compounded by instrument
wear. Abrasive tools can lose cutting efficiency

within minutes; as instruments dull, clinicians often
apply greater pressure, which significantly
increases injurious heat conduction [30].
Therefore, selecting high SUCRA, water-cooled
protocols is essential not only to preventimmediate
necrosis but also to preserve the long term
regenerative capacity of the pulp-dentin complex.

Continuous water cooling is essential to
mitigate thermal risks during motorized IPR. Water
acts as a heat sink, dissipating frictional energy at
the tooth surface before it reaches the pulp [10].
Although aerosol generation is a major concern in
dental practice today, performing motorized IPR
without coolant carries a high risk of pulpal
necrosis and is not clinically viable. Rather than
using dry instrumentation, clinicians should
combine continuous water cooling with high
volume suction to safely manage both thermal and
infection risks [31].

When comparing our findings with the
existing literature, our results are in strong
agreement with previous studies [6, 13], which
consistently advocate that continuous water
cooling and controlled speeds are essential for
thermal safety during IPR. Similarly, our quantitative
results corroborate earlier reports warning against
the dangerous temperature rises associated with
dry protocols [11, 12]. However, this network
meta-analysis advances the current evidence
base by moving beyond traditional pairwise
comparisons, providing a comprehensive
probability ranking of 11 distinct protocols
simultaneously to establish a clearer clinical
hierarchy.

Several limitations of this NMA should be
acknowledged. First, the small number of included
studies precluded aformal quantitative assessment
of publication bias. Second, the reliance on in vitro
data may overestimate clinical thermal risks,
as laboratory models lack the physiological
thermoregulation provided by pulpal microcirculation
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and periodontal tissues. Third, there was significant
heterogeneity across studies regarding tooth type
and residual dentin thickness, both of which act as
critical biological insulators. Fourth, the included
studies utilized different temperature measurement
techniques and devices—such as variations in
internal thermocouple types (e.g., K-type or
T-type) and the application of external infrared
thermographic cameras. These methodological
differences in sensor positioning, calibration, and
recording precision can inherently influence the
absolute temperature values captured. Therefore,
the quantitative thermal estimates should be
interpreted with caution. Moderate certainty in
oscillating systems is primarily attributed to the
limited number of available studies, not due to
inherentmechanical safety concerns. Furthermore,
this analysis highlights a major gap in the literature:
the lack of in vivo clinical trials. This became
evident when the inclusion of the single available
in vivo study caused significant network
inconsistency, necessitating its exclusion.
This inconsistency indicates that physiological
factors in the oral cavity alter thermal dynamics
differently than laboratory models. Therefore,
future research should prioritize in vivo studies to
validate these safety rankings in clinical settings.

Clinical Implications

Based on the quantitative findings and
biological contexts discussed, the practical
recommendations for safely performing motorized
IPR can be distinctly structured as follows:

What clinicians should do:

o Utilize continuous water cooling as a
mandatory protocol for all rotary and disc-based
IPR to act as an effective heat sink.

o Select oscillating systems if maintaining
a dry working field is clinically necessary, as their
intermittent reciprocating motion naturally prevents
dangerous heat accumulation.
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o Combine water coolant with high-volume
suction to safely and simultaneously manage both
pulpal thermal risks and aerosol generation.

What clinicians should avoid:

o Strictly avoid dry mechanical stripping
with continuous high-speed rotary burs (especially
tungsten carbide) or diamond discs, as these
represent the most significant thermal hazards
capable of causing irreversible pulpal damage.

o Avoid applying excessive or prolonged
pressure against the enamel, particularly when
abrasive instruments begin to wear or dull, as this
exponentially increases frictional heat conduction
into the pulp chamber.

Conclusions

Based on the included in vitro studies, this
NMA demonstrates that the rotary TC with coolant,
rotary low speed with coolant, rotary with coolant,
disc with coolant, and hand without coolant
protocols provide comparable thermal safety
during IPR. Continuous water cooling remains the
most critical factor for minimizing intrapulpal
temperature rise during motorized IPR. In contrast,
performing motorized IPR without coolant poses a
significant thermal risk. Specifically, the rotary TC
without coolant protocol generates the highest
temperature rise and should be avoided. When a
dry working field is clinically necessary, the Osc
without coolant and hand without coolant protocols
serve as favorable alternatives.
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Supplementary Table S4 Full Electronic Search Strategy.
Database Search Strategy (Keywords & Boolean Operators) Results

PubMed ("teeth s"[All Fields] OR "teeths"[All Fields] OR "tooth"[MeSH Terms] OR 140
"tooth"[All Fields] OR "teeth"[All Fields] OR "tooth s"[All Fields] OR "tooths"
[All Fields] OR ("teeth s"[All Fields] OR "teeths"[All Fields] OR "tooth"[MeSH
Terms] OR "tooth"[All Fields] OR "teeth"[All Fields] OR "tooth s"[All Fields]
OR "tooths"[All Fields]) OR "Human tooth"[All Fields] OR "Human teeth"
[All Fields]) AND ("interproximal reduction"[All Fields] OR "proximal
reduction"TAll Fields] OR ("stripped"[All Fields] OR "stripping"[All Fields]
OR "strippings"[All Fields]) OR "slenderization"[All Fields] OR
"re-approximation"[All Fields] OR "coronoplasty"[All Fields] OR ("slice"
[All Fields] OR "slice s"[All Fields] OR "sliced"[All Fields] OR "slices"

[All Fields] OR "slicing"[All Fields]) OR ("mesio distal'[All Fields] AND
("reduction"[All Fields] OR "reductions"[All Fields])) OR (("hollywood"

[All Fields] OR "hollywood s'[All Fields]) AND "trim"[All Fields]) OR
"interproximal enamel reduction"[All Fields] OR "proximal stripping"

[All Fields]) AND ("hot temperature"[MeSH Terms] OR ("hot"[All Fields]
AND "temperature"[All Fields]) OR "hot temperature"[All Fields] OR "heat"
[All Fields] OR (“temperature"[MeSH Terms] OR "temperature"[All Fields]
OR "temperatures"[All Fields] OR "temperature s"[All Fields]) OR "pulp
chamber"[All Fields] OR ("thermocouple"[All Fields] OR "thermocouples"
[All Fields]) OR "thermal change"[All Fields] OR "temperature change"
[All Fields])

Scopus ("tooth" OR "teeth" OR "Human tooth" OR "Human teeth" ) AND 894
( "interproximal reduction" OR "proximal reduction" OR "stripping" OR
"slenderization" OR "re-approximation" OR "coronoplasty" OR "slicing" OR
"mesio-distal reduction” OR "hollywood trim" OR "interproximal enamel
reduction" OR "proximal stripping" ) AND ( "heat" OR "temperature" OR
"pulp chamber" OR "thermocouple" OR "thermal change" OR "temperature
change") (Search: All Fields)

Embase (tooth OR OR teeth OR 'human tooth' OR 'human teeth') AND ('interproximal 25
reduction' OR "proximal reduction' OR stripping OR slenderization OR
're approximation' OR coronoplasty OR slicing OR 'mesio-distal reduction'
OR 'hollywood trim' OR 'interproximal enamel reduction' OR 'proximal
stripping’) AND (heat OR temperature OR 'pulp chamber' OR thermocouple
OR 'thermal change' OR 'temperature change')

WorldCat  ti:("tooth" OR "teeth") AND ti:("interproximal reduction" OR "IPR" OR 184
"stripping") AND ti:("heat" OR "temperature change" OR "thermal change")
(Format: Thesis/Dissertation)

Google ("Interproximal reduction" OR stripping OR IPR) AND (temperature OR heat) 200
Scholar AND pulp (Screened: First 200 results)

Total 1443
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Supplementary Table S7 Detailed Quality Assessment of /n Vivo Studiy using RoB 2.0.

Bias Domain Judgment
D1: Randomization process Some concerns
D2: Deviations from intended interventions High risk*
D3: Missing outcome data Low risk
D4: Measurement of the outcome Some concerns
D5: Selection of the reported result Low risk
Overall Risk of Bias Moderate / Some concerns

*Note: High risk in D2 is inherent to clinical trials comparing different dental instruments where operator blinding is not feasible.

The quality assessment of the study by Banga et al. (2020) revealed an overall moderate risk of bias. While the study demonstrated high
internal validity regarding data completeness and reporting, the lack of detailed randomization protocols and the inability to blind the
operator (inherent to the nature of IPR procedures) contributed to 'some concerns' in the overall judgment. However, the use of objective
digital thermometry minimizes the potential impact of detection bias.
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Inconsistency test with notesplitting model for all studies

Study P-value Mean Difference (95% Crl)
Rotary_TC_without_coolant vs Hand_without_coolant

direct —e— 3.01(1.27,4.76)
indirect 0.96595 ——6—— 3.07 (0.714, 5.45)
network —6— 3.01(1.85, 4.17)
Rotary_with_coolant vs Hand_without_coolant

direct — -0.252 (-1.77,1.25)
indirect 0.945 — -0.333 (-2.29, 1.67)
network — -0.136 (-1.24, 0.987)
Rotary_without_coolant vs Hand_without_coolant

direct —— 1.33 (-0.373, 3.02)
indirect 0.691175 —— 1.85(-0.438, 4.12)
network —— 1.51 (0.427, 2.60)
Disc_without_coolant vs Hand_without_coolant

direct —— 1.81(0.853, 2.80)
indirect 0.851475 e 2.04 (-0.479, 4.53)
network —— 1.85(1.03, 2.70)
Rotary_with_coolant vs Disc_without_coolant

direct r -1.31(-2.84,0.219)
indirect 0.182925 -3.10 (-5.48, -0.743)
network -1.99 (-3.14, -0.844)
Osc_without_coolant vs Disc_without_coolant

direct — -0.508 (-2.44, 1.42)
indirect 0.200375 -2.17 (-4.11, -0.250)
network -1.68 (-2.93, -0.284)
Rotary_TC_with_coolant vs Disc_without_coolant

direct -3.75 (-5.07, —2.45)
indirect 0.001075 p— -0.00532 (-1.20, 1.16)
network -1.73 (-3.07, -0.398)
Rotary_with_coolant vs Rotary_TC_without_coolant

direct -3.45 (-5.80, -1.10)
indirect 0.706925 -2.90 (-4.88, -0.915)
network -3.15 (-4.53, -1.75)
Rotary_without_coolant vs Rotary_TC_without_coolant

direct — -1.37 (-3.78, 0.990)
indirect 0.88665 r -1.57 (-3.47,0.347)
network -1.50 (-2.87, —-0.144)
Rotary_without_coolant vs Rotary_with_coolant

direct —e— 1.44 (-0.197, 3.08)
indirect 0.5129 ——e—— 247 (-0.591, 5.54)
network —— 1.64 (0.376, 2.90)
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Inconsistency test with notesplitting model with studies excluded

Osc_without_coolant vs Rotary_with_coolant
direct —a— -0.103 (-2.15, 1.92)
indirect 0.612225 —1o— 0.604 (-1.65, 2.86)
network —o— 0.402 (-1.10, 1.87)
Osc_without_coolant vs Rotary_without_coolant
direct —— -0.870 (-3.07, 1.36)
indirect 0.571925 —e— -1.73 (-4.22,0.716)
network —— -1.24 (-2.70, 0.215)
Rotary_TC_with_coolant vs Osc_without_coolant
direct —1— 0.868 (-0.752, 2.50)
indirect 0.064725 —— -1.40 (-3.23, 0.427)
network —a— -0.138 (-1.62, 1.33)
Rotary_TC_with_coolant vs Rotary_TC_without_coolant
direct —e— -3.40 (-5.10, -1.70)
indirect 0.15445 —6—1 -1.68 (-3.50, 0.103)
network —— -2.89 (-4.41, -1.37)
Disc_with_coolant vs Rotary_TC_without_coolant
direct —_— -2.59 (-4.93, -0.260)
indirect 0.904225 —— -2.78 (-5.02, -0.531)
network —e— -2.76 (-4.22, -1.28)
Disc_with_coolant vs Rotary_with_coolant
direct —a— -0.147 (-2.21, 1.91)
indirect 0.526225 —1o— 0.726 (-1.41, 2.83)
network —— 0.392 (-1.07, 1.83)
Disc_with_coolant vs Rotary_without_coolant
direct —1 -0.921 (-3.16, 1.29)
indirect 0.65075 —oe—+ -1.59 (-3.90, 0.661)
network —e— -1.25(-2.66, 0.172)
Disc_with_coolant vs Osc_without_coolant
direct —— -0.0519 (-2.27, 2.16)
indirect 0.912875 —_—— 0.120 (-2.50, 2.77)
network —— -0.0103 (-1.52, 1.50)
Disc_with_coolant vs Rotary_TC_with_coolant
direct —1o— 0.791 (-0.767, 2.34)
indirect 0.11805 —_—— -1.04 (-2.89, 0.801)
network —— 0.125 (-1.39, 1.64)
-|6 0 (IS
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Study P-value

Rotary TC without coolant vs Hand without coolant
direct

indirect 0.884175

network

Rotary with coolant vs Hand without coolant
direct

indirect 0.839075

network

Rotary without coolant vs Hand without coolant
direct

indirect 0.743175

network

Disc without coolant vs Hand without coolant
direct

indirect 0.5354

network

Rotary with coolant vs Disc without coolant
direct

indirect 0.122325

network

Rotary with coolant vs Rotary TC without coolant
direct

indirect 0.566025

network

Rotary without coolant vs Rotary TC without coolant
direct

indirect 0.98465

network

Rotary without coolant vs Rotary with coolant
direct

indirect 0.4631

network

Disc with coolant vs Rotary TC without coolant
direct

indirect 0.947575

network

Disc with coolant vs Rotary with coolant

direct

indirect 0.566925

network

Disc with coolant vs Rotary without coolant
direct

indirect 0.40875

network

Supplementary Figure S1
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Mean Difference (95% Crl)

3.01 (1.56, 4.46)
2.84 (0.858, 4.85)
2.83 (1.82, 3.83)

-0.256 (-1.48, 0.943)
-0.445 (-2.01, 1.17)
-0.213 (-1.13, 0.740)

1.34 (-0.170, 2.85)
1.70 (-0.369, 3.77)
1.43 (0.526, 2.36)

1.79 (0.876, 2.78)
1.00 (-1.91, 3.88)
1.72 (1.02, 2.44)

-1.29 (-2.52, -0.0866)
-2.93 (-4.84, -1.09)
-1.93 (-2.89, -0.971)

-3.42 (-5.44, -1.40)
-2.73 (-4.39, -1.01)
-3.04 (-4.21, -1.85)

-1.37 (-3.43, 0.683)
-1.39 (-3.01, 0.254)
-1.40 (-2.53, -0.235)

1.44 (0.0452, 2.83)
2.38 (-0.191, 5.03)
1.65 (0.596, 2.69)

-2.62 (-4.48, -0.755)
-2.70 (-4.49, -0.911)
-2.76 (-4.00, -1.53)

-0.151 (-1.60, 1.28)
0.386 (-1.15, 1.86)
0.281 (-0.951, 1.47)

-0.916 (-2.78, 0.948)
-1.91 (-3.83, -0.0124)
-1.36 (-2.56, -0.210)

Assessment of Inconsistency (Node-splitting).




