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Abstract
The aim of this systematic review (SR) was to assess whether tooth mobility (TM) 
increases the risk of tooth extraction/loss. The protocol was registered in PROSPERO 
database (CRD42023485425). The focused PECO questions were as follows: (1) “In 
patients with periodontitis, undergoing periodontal treatment, are teeth affected by 
mobility at higher risk of being extracted/lost compared to non-mobile teeth, with a 
minimum follow-up of 10 years?” and (2) “In these patients, does varying degrees of 
tooth mobility increase the risk of tooth extraction/loss, with a minimum follow-up 
of 10 years?”. Results were reported according to PRISMA statement. Electronic and 
manual searches were conducted to identify longitudinal studies. The different as-
sessments of tooth mobility were pooled into three groups: TM0: Undetectable tooth 
mobility, TM1: Horizontal/Mesio-distal mobility ≤1 mm, TM2: Horizontal/Mesio-distal 
mobility >1 mm or vertical tooth mobility. Tooth loss was the primary outcome. Various 
meta-analyses were conducted, including subgroup analyses considering different 
follow-up lengths and the timing of TM assessment, along with sensitivity analyses. 
A trial sequential analysis was also performed. Eleven studies were included (1883 
patients). The mean follow-up range was 10–25 years. The weighted total of included 
teeth, based on the sample size, was 18 918, with a total of 1604 (8.47%) extracted/
lost teeth. The overall rate of tooth extraction/loss increased with increasing mobility: 
TM0 was associated with a 5.85% rate (866/14822), TM1 with the 11.8% (384/3255), 
TM2 with the 40.3% (339/841). Mobile teeth (TM1/TM2) were at an increased risk for 
tooth extraction/loss, compared to TM0 (HR: 2.85; [95% CI 1.88–4.32]; p < .00001). 
TM1 had a higher risk than TM0 (HR: 1.96; [95% CI 1.09–3.53]; p < .00001). TM2 had 
a higher risk than TM1 (HR: 2.85; [95% CI 2.19–3.70]; p < .00001) and TM0 (HR: 7.12; 
[95% CI 3.27–15.51]; p < .00001). The results of the tests for subgroup differences 
were not significant. Sensitivity meta-analyses yielded consistent results with other 
meta-analyses. Within the limits of the quality of the studies included in the meta-
analyses, mobile teeth were at higher risk of being extracted/lost in the long-term and 
higher degrees of TM significantly influenced clinicians‘ decision to extract a tooth. 
However, most teeth can be retained in the long-term and thus TM should not be 
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1  |  INTRODUC TION

Periodontitis is a chronic multifactorial inflammatory disease char-
acterized by the progressive destruction of the tooth-supporting 
apparatus.1 Untreated periodontitis may result in tooth loss and rep-
resents the main cause of tooth loss in adult patients.2

Various clinical factors have been advocated to contribute to 
tooth loss in periodontal patients, including both patient-related fac-
tors (i.e., smoking habit, compliance) and tooth-related factors level 
(i.e., periodontal pocket depth, clinical attachment loss, furcation in-
volvement, tooth mobility). Several investigations have attempted to 
assess which clinical factors are associated with an increased risk of 
tooth extraction/loss in the long term.3,4 Among these factors, tooth 
mobility (TM) has been proposed to increase the risk of a tooth loss/
extraction, although its impact remains unclear.

TM is typically evaluated by measuring the amplitude of crown 
displacement resulting from the application of a defined force (i.e., 
0.1 N).5 The magnitude of this displacement has been used to differ-
entiate between physiological and pathological tooth mobility and 
various classifications of TM have been proposed.6,7

TM may be associated with a masticatory dysfunction and pa-
tient discomfort8 and is considered one of the factors contributing 
to defining the stage of periodontitis.1 Additionally, previous clini-
cal trials have suggested that TM may influence outcomes following 
periodontal therapy.9

Evidence indicates that TM is a risk factor for future attachment 
loss during the long-term supportive therapy.10 Moreover, a clinical 
trial has demonstrated that controlling mobility through occlusal ad-
justment in patients treated for periodontitis may impact the clinical 
attachment level gain post-treatment.11

Furthermore, some randomized clinical trials have indicated that 
TM may negatively affect the outcome of periodontal regenera-
tion.12,13 Although evidence is inconclusive, splinting mobile teeth 
has been proposed as part of the clinical management preceding re-
generative therapy.14

The most recent systematic review on the management of mobile 
teeth concluded that tooth splinting does not improve survival of mo-
bile teeth in patients with advanced periodontitis, and the effects of 
occlusal adjustment, beyond clinical attachment gain, remain unclear.15

Different authors have reported discordant results regarding the 
impact of TM on tooth loss.16,17 However, the most recent system-
atic review found risk ratio of 3.71 for mobile teeth being lost at a 3-
years follow-up.18 No systematic review has evaluated the influence 
of TM on tooth loss in the long term.

Therefore, the primary aim of this systematic review (SR) was 
to evaluate whether tooth mobility increases the risk of a tooth ex-
traction/loss in the long term in periodontally treated patients. The 
secondary aim was to evaluate if different degrees of tooth mobility 
increase the risk of tooth extraction/loss.

2  |  METHODS

This systematic review was conducted according to the PRISMA 
statement (Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis).19 The review protocol was registered in PROSPERO 
database (CRD42023485425).

2.1  |  Focus question

The PECO method and guidelines of the Center for Evidence-Based 
Medicine (University of Oxford)20 were utilized to formulate focused 
questions:

1.	 “In patients with periodontitis, undergoing periodontal treat-
ment, are teeth affected by mobility at a higher risk of being 
extracted/lost, compared to non-mobile teeth, with a minimum 
follow-up of 10 years?”

Population: teeth in adult human patients, affected by and 
treated for periodontitis.

Exposure: tooth mobility. All assessment methods/classification 
systems for TM were considered.

Comparison: absence of tooth mobility.
Outcomes: tooth loss.

2.	 “In patients with periodontitis, undergoing periodontal treat-
ment, do different degrees of tooth mobility increase the risk 
of tooth extraction/loss, with a minimum follow-up of 10 years?”

Population: teeth in adult human patients, affected by periodon-
titis, undergoing treatment.

Exposure: tooth mobility. All assessment methods/classification 
systems for TM were considered.

Comparison: different degrees of mobility.
Outcomes: tooth loss.
Eligibility Criteria.

considered a reason for extraction or a risk factor for tooth loss, regardless of the 
degree of TM.

K E Y W O R D S
long term, tooth loss, periodontitis, tooth loss, tooth mobility, tooth prognosis
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    |  3PEDITTO et al.

Inclusion criteria:

•	 Diagnosis of periodontitis.
•	 Case series studies with at least 20 patients.
•	 Clear definition of the methods used for tooth mobility assessment.
•	 Tooth mobility measured at least at baseline of the study; (i.e., the 

assessment of TM could have happened both before all periodon-
tal interventions or after active periodontal treatment).

•	 Minimum 10 years follow up.
•	 English language.
•	 Regular Supportive Periodontal Care (SPC). All SPC protocols 

were accepted.
•	 Exclusion criteria:
•	 Case reports, animal studies, in vitro studies.
•	 Studies not clearly reporting the number of teeth extracted/lost 

for mobile and non-mobile teeth groups and for different degrees 
of mobility.

2.2  |  Information sources and search strategy

Three online databases (PUBMED, EMBASE, and GOOGLE 
SCHOLAR) were searched up to January 7, 2024. (For detailed infor-
mation on the search strategy see Appendix S1).

Journals (Journal of Clinical Periodontology, Journal of 
Periodontology, Journal of Periodontal Research) were hand searched 

from January 2014 to January 2024. References of included studies 
and relevant SRs were also screened.

2.3  |  Selection process

Articles found by these means were uploaded into Endnote 20 
(Clarivate Analytics), a reference manager software for duplicate 
removal, screening, and selection. Two reviewers (M.P. and C.R.) in-
dependently screened records by title and abstract, and then eligible 
papers were evaluated in full text. Disagreements were resolved by 
a third reviewer (L.B.).

2.4  |  Data collection process and data items

A customized table was used to summarize information from in-
cluded studies. For each study, the following information was con-
sidered: authors, study design, publication year, country, follow-up, 
number of patients, number of teeth, TM assessment, number of 
teeth extracted/lost, degree of TM, and number of teeth extracted/
lost according to the initial TM grade. Additionally, informations on 
periodontal diagnosis, active periodontal treatment, SPC, and the 
moment and reason for tooth extraction were also collected when-
ever available. Two attempts were made to contact authors for miss-
ing or unclear data.

F I G U R E  1  PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources.

Identification of studies via databases and registers Identification of studies via other methods

Records identified from 
Databases (n = 1666)

(Embase = 345; Scholar = 200;
Pubmed = 1121)

Records removed before 
screening (n = 255)

Duplicate records removed 
(n = 156)

Other reasons (n = 99)

Records identified from citation 
searching (n = 15)

Reports excluded: 55
(Appendix 4)

Studies included in review 
(n = 11)

Reports assessed for eligibility 
(n = 62)

Reports assessed for eligibility 
(n = 15)

Reports not retrieved 
(n = 0)

Reports sought for retrieval 
(n = 62)

Records excluded 
(n = 1349)

Records screened 
(n = 1411)

Reports excluded: 11
(Appendix 4)
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2.5  |  Risk of bias assessment

Two reviewers (C.R. and M.P.) independently assessed the risk of 
bias using the modified Newcastle-Ottawa scale21 for observa-
tional clinical studies and Cochrane Collaboration's Tool RoB 2.0 
for RCTs.22 Disagreements were resolved by a third reviewer (L.B.) 
for the final decision. Agreement between reviewers was assessed 
using Cohen's kappa coefficient (k).

2.6  |  Effect measures and synthesis methods

In order to make data comparable between studies using different 
classifications, taking into account the differences and overlaps 
between the two classifications used by all included studies,6,7 
different tooth mobility assessments were pooled into three 
categories:

TM0: Undetectable tooth mobility (corresponding to Miller and 
Nyman grade 0).

TM1: Horizontal/Mesio-distal mobility ≤1 mm (corresponding to 
Miller grade 1 and 2 and Nyman grade 1).

TM2: Horizontal/Mesio-distal mobility >1 mm or vertical tooth 
mobility (corresponding to Miller grade 3 and Nyman grade 2 and 3).

Meta-analyses were performed for each category and all the 
possible comparisons were made (i.e., TM0 vs TM, whichever the 
grade, TM0 vs TM1, TM1 vs TM2, TM0 vs TM2,).

The variables were registered at tooth level. The arms were 
weighted according to the sample size.23 To compare survival rates 
between patient groups, hazard ratio (HR) and 95%CI were calcu-
lated as described by Tierney et al.24 Subgroup meta-analyses were 
conducted based on follow-up duration and timing of TM assess-
ment (i.e., before or after active periodontal therapy, APT).

The heterogeneity was assessed by means of the I2 statistics 
(0%–40% low heterogeneity, 30%–60% moderate heterogeneity, 
50%–90% substantial heterogeneity, and 75%–100% considerable 
heterogeneity).25

Sensitivity analyses were performed when indicated to ex-
plore the robustness of the results and the potential sources of 
heterogeneity.

Publication bias or selective reporting was evaluated using fun-
nel plots and Egger's regression intercept test.26

Statistical analyses were conducted using the RevMan version 
5.3 (Copenhagen: The Nordic Cochrane Centre, The Cochrane 
Collaboration, 2014) and the STATA version 15.0.

Trial sequential analysis was performed using TSA software ver-
sion 0.9 beta (http://​www.​ctu.​dk/​tsa) to calculate the required in-
formation size (RIS).

3  |  RESULTS

The search strategy initially identified 1411 articles. Following 
screening of titles and abstract, 62 articles underwent full-text 

evaluation, and 15 papers were retrieved from hand search. 
Consequently, 77 articles were subjected to the eligibility process. 
Finally, 11 articles were included (Figure 1) Details of excluded full-
text articles are provided in Appendix S2. The Cohen's kappa value 
for global inter-reviewer agreement was 0.74.

3.1  |  Study characteristics

This systematic review included 11 retrospective studies.17,27–36 
No RCTs were included. The minimum follow-up was 10 years (Shi, 
2020), while the longest follow-up was 25 years (Agudio, 2023). 
Information regarding country, setting, and funding is available in 
Appendix  S3 Table  1 summarizes the results of individual studies, 
while Table 2 provides a comprehensive overview of the diagnosis 
and treatment of included patients. All patients underwent compre-
hensive periodontal treatment and long-term SPC, with personal-
ized recall intervals. However, detailed strategies for managing 
mobile teeth were reported in only a few papers.

3.2  |  Results of individual studies

A total of 1883 patients were included, accounting for a total of 
28.748 teeth. At final follow-up, 2.292 teeth had been extracted/
lost (7.97% of the total sample). The tooth loss rate across included 
studies ranged from a minimum of 1.7%27 to a maximum of 24.8%.34 
Weighted according to sample size, the included teeth totaled 
18 918, with 1604 (8.47%) extracted/lost teeth. The overall rate of 
tooth extraction/loss increased as mobility categories increased: 
TM0 was associated with a 5.85% rate (866/14822), TM1 with the 
11.8% (384/3255), TM2 with the 40.3% (339/841).

3.3  |  Risk of bias in studies

The quality of the included papers is summarized in Table  3. 
Some papers reached the highest score, indicating a low risk of 
bias,17,31,32 while others exhibited lower methodological quality, 
scoring 7 out of 9. The primary shortcomings concerned the con-
trol of confounding factors (i.e., treatment of TM, tooth extracted/
lost for other reasons), which were often unreported in the major-
ity of the studies.

3.4  |  Results of syntheses

Eight different meta-analyses were conducted, considering various 
degrees of TM, and subgroups for the length of follow-up and the 
timing of TM assessment (i.e., before or after APT).

The first meta-analysis compared tooth loss between non-
mobile teeth (TM0) and mobile teeth, regardless of grade (TM1/
TM2) (Figure 2): mobile teeth were at higher risk of being extracted/
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lost, compared to non-mobile teeth (HR: 2.85; [95% CI 1.88–4.32]; 
p < .00001). The heterogeneity was moderate.

The second meta-analysis compared tooth loss between non-
mobile teeth (TM0) and teeth affected by grade 1 TM (Figure  3): 
teeth with TM1 were at a higher risk of being extracted/lost (HR: 
1.96; [95% CI 1.09–3.53]; p < .00001). The heterogeneity was 
substantial.

The third meta-analysis compared tooth loss between teeth af-
fected by grade 1 TM and grade 2 TM (Figure 4): teeth with TM2 
showed higher risk of being extracted/lost (HR: 2.85; [95% CI 2.19–
3.70]; p < .00001). The heterogeneity was low.

The fourth meta-analysis compared tooth loss between non-
mobile teeth and teeth affected by grade 2 TM (Figure 5): teeth with 
TM2 exhibited a higher risk of being extracted/lost, independently 

TA B L E  2  Adjunctive information about study diagnosis, treatment rendered to the included patients, timing of TM assessment and timing 
of tooth extraction.

Authors Study Design Diagnosis
Active Periodontal 
Treatment

Supportive 
Periodontal 
Care

Assessment 
of TM

Timing of tooth 
extraction

Agudio 2023 Retrospective Stage 1/2: 40
Stage 3: 110
Stage 4: 4

Grade A: -
Grade B: 77
Grade C: 77

NSPT
MWF when necessary

Individualized 
intervals of 
3–6 months.

Before APT
At the end of 
APT
25y

During APT: 160
After APT: 201

Faggion 
2007

Retrospective – – NSPT
AF in 136 patients

No details Before APT During APT: 137
After APT: 197

Graetz 2015 Retrospective AgP: 68
ChP: 311

– NSPT
AF if indicated

Individualized 
intervals of 
3–12 months

Before APT During APT: 152
After APT: 433

Graetz 2017 Retrospective AgP – NSPT
AF if indicated

Individualized 
intervals of 
3–12 months

Before APT During APT: 31
After APT: 66

Graetz 2018 Retrospective ChP: 49
AgP: 8

– NSPT
AF if indicated

Individualized 
intervals of 
3–12 months

Before APT N/A

Martinez-
Canut 2015

Retrospective ChP: 400
AgP: 100

– NSPT
Surgical treatment in 410 
patients (MWF, ORS, Root 
Resection, Periodontal 
Regeneration, depending 
on the case)

Individualized 
intervals of 
4–6 months

After APT After APT

McGuire 
1999

Retrospective ChP – NSPT
ORS

Individualized 
intervals of 
2–3 months

After APT After APT

Miller 2014 Retrospective ChP – NSPT
MWF on almost all M0 
teeth

No details Before APT N/A

Petsos 2021 Retrospective Stage 3: 76
Stage 4: 21

Grade A: -
Grade B: 31
Grade C: 66

NSPT (Full Mouth)
Surgery in case of 
remaining PD≥6 mm

Individualized 
intervals based 
on PRA

Before APT
At the end of 
APT

During APT: 37
After APT: 119

Saleh 2023 Retrospective Stage 1: 22
Stage 2: 41
Stage 3: 87
Stage 4: 18

Grade A: 21
Grade B: 112
Grade C: 35

NSPT
Surgery when necessary

Individualized 
intervals of 
3 months 
further adapted 
based on 
individual 
factors

At the end of 
APT

After APT

Shi 2020 Retrospective Stage 3: 47
Stage 4: 92

Grade A: -
Grade B: 6
Grade C: 133

NSPT Individualized 
intervals based 
on PRA

Before APT N/A

Abbreviations: AF, Access Flap; AgP, Aggressive Periodontitis; ChP, Chronic Periodontitis; MWF, Modified Widman Flap; NSPT, Non-surgical 
Periodontal Treatment; ORS, Osseous Resective Surgery; PRA, Periodontal Risk Assessment (Lang and Tonetti, 2003).
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    |  7PEDITTO et al.

of follow-up (HR: 7.12; [95% CI 3.27 to 15.51]; p < .00001). The het-
erogeneity was considerable.

3.5  |  Subgroup Analyses for follow-up length

Regarding the comparison between TM0 and mobile teeth, the 
test for subgroup differences indicated no statistically significant 
differences between different follow-up lengths. (p = .42; I2=0%). 
Interestingly, the heterogeneity was lower for longer follow-ups 
(Figure 2).

Similar, non-significant results were observed for other compari-
sons (TM0 vs TM1, p = .84, I2= 0%; TM1 vs TM2, p = .55, I2=0%; TM0 
vs TM2: p = .41, I2 = 0%) (Figures 3, 4, 5).

3.6  |  Subgroup Analyses for timing of 
TM assessment

Although a visual evaluation of the forest plot for these subgroup 
analyses may suggest a potentially higher impact of TM on the de-
cision to perform an extraction after APT, the tests for subgroup 
differences failed to reveal statistically significant differences. (TM0 
vs mobility, p = .14, I2 = 52.9%; TM0 vs TM1, p = .85, I2 = 0%; TM1 vs 
TM2, p = .18, I2 = 45.6%; TM0 vs TM2: p = .18, I2 = 43.9%) (Figure 6).

3.7  |  Sensitivity analyses

The sensitivity meta-analyses, considering only tooth extraction/
loss during SPC, yielded consistent results with the other meta-
analyses. Eight studies were included. (Forest plots are shown in 
Appendix S4).

TM0 vs Mobility: HR = 6.22; 95% CI: 2.39–16.21; p = .0002; 
I2 = 92%.

TM0 vs TM1: HR = 1.94; 95% CI: 1.47–2.51; p < .00001; I2 = 0%.
TM1 vs TM2: HR = 2.86; 95% CI: 2.19–3.74; p < .00001; I2 = 0%.
TM0 vs TM2: HR = 8.22; 95% CI: 2.52–26.80; p = .0005; I2 = 84%.
Further sensitivity analyses were performed only considering 

tooth loss for periodontal reason including 6 studies (Forrest plots 
are shown in Appendix S5).

TM0 vs Mobility: HR = 7.98; 95% CI: 3.48–18.28; p < .00001; 
I2 = 0%.

TM0 vs TM1: HR = 2.82; 95% CI: 1.53–5.18; p = .0009; I2 = 75%.
TM1 vs TM2: HR = 5.65; 95% CI: 2.03–15.77; p = .0009; I2 = 0%.
TM0 vs TM2: HR = 15.14; 95% CI: 4.76–48.14; p < .00001; 

I2 = 77%.

3.8  |  Trial sequential analysis

The evidence obtained from this meta-analysis was considered to 
have high power, as indicated by TSA analysis. The z-curve crossed TA
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8  |    PEDITTO et al.

both the alpha-spending function and the conventional boundary, 
and it also reached the required information size (RIS) threshold 
(Figure 7).

3.9  |  Publication bias

Visual inspection of the funnel plots (Appendices S6–S9) indicated 
a low risk of publication bias among the included studies. Likewise, 
the result of Egger's test did not demonstrate statistically significant 
evidence of publication bias (p > .05).

4  |  DISCUSSION

Tooth hypermobility can lead to masticatory dysfunction and pa-
tient discomfort1 and could be the cause of tooth loss or influencing 
the clinician's decision to extract a tooth.

The primary aim of this SR was to evaluate the impact of TM 
on the long-term risk of a tooth extraction/loss. Only studies with 
a minimum follow-up of 10 years were included, with the maximum 
follow-up being 25 years. A total of 1883 patients were considered 
in the analysis. The included teeth, weighted according to the sample 
size, were 18 918, for a total of 1604 (8.47%) extractions. Mobile 
teeth were found to be nearly three times more likely to be ex-
tracted/lost compared to non-mobile teeth (HR: 2.85; [95% CI 1.88–
4.32]; p < .00001) with moderate heterogeneity (I2=42%). These 
findings are substantially in agreement with a recent SR assessing 
predictors for tooth extraction/loss in periodontitis patients. The 
authors included four studies with a minimum follow-up of 3 years 

reporting an OR of 3.71 for mobile teeth compared to non-mobile 
teeth.18 Moreover, both prospective and retrospective studies as-
sessing risk factors for tooth loss have suggested that mobile teeth 
may be at higher risk of being extracted/lost.34,37

To explore the impact of different degrees of TM, which was 
the secondary outcome of this SR, three meta-analyses were per-
formed. The HR for tooth extraction/loss significantly increased 
with the degree of TM. Specifically, TM2 showed a 7-fold increase 
in the risk of being extracted/lost compared to TM0. Similarly, in 
a recent study involving 135 patients with at least 5 years of fol-
low-up, the authors reported a higher risk for tooth loss with in-
creasing grade of TM.37

According to these results, it seems that mobile teeth are more 
exposed to extraction or loss and that the risk increases with the 
severity of TM. Therefore, TM seems to be a valuable prognostic 
indicator for tooth extraction/loss. However, it is worth to mention 
that, despite these results, a significant percentage of hypermobile 
teeth were retained in the long term, especially in TM1 and TM2 
groups (88.2% and 59.7% respectively). Therefore, the findings of 
this SR warrant caution, suggesting that in many instances, even hy-
permobile teeth can be preserved in the long term. Thus, TM should 
not be considered a risk factor for tooth extraction/loss.

TM may be associated with a higher likelihood for tooth loss in 
the long term, as evidenced in this SR. However, it may not represent 
the reason for tooth loss. Therefore, TM should not be considered as 
an absolute indication for tooth extraction at baseline, unless addi-
tional clinical parameters are evaluated. In fact, several aspects may 
be related to tooth mobility, such as the periodontal inflammation, 
the height of the supporting tissues, and the width of the periodon-
tal ligament.38

F I G U R E  2  Meta-analysis of the included studies, grouped according to the length of follow-up: HR for tooth extraction/loss: M0 vs 
Mobility (whichever the grade).
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    |  9PEDITTO et al.

In periodontal patients, i.e., in presence of attachment loss, the 
widening of periodontal ligament may be due to secondary occlusal 
trauma.39 Furthermore, the inflammatory changes could impair the 

adaptive capacity of the periodontal tissues to the occlusal forces. 
Consequently, it has been suggested that TM cannot be used as reli-
able indicator for tooth prognosis before initiating treatments aimed 

F I G U R E  3  Meta-analysis of the included studies, grouped according to the length of follow-up: HR for tooth extraction/loss: M0 vs M1.

F I G U R E  4  Meta-analysis of the included studies, grouped according to the length of follow-up: HR for tooth extraction/loss: M1 vs M2.
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10  |    PEDITTO et al.

at the biofilm removal and control.15 The significant influence of 
periodontal inflammation may lead to a higher baseline degree of 
TM.40 Therefore, it is advisable to repeat the clinical assessment of 
TM after each step of periodontal treatment.41

Consequently, it is possible to speculate that, if the included stud-
ies measured TM after active periodontal treatment, the result might 
have differed, potentially showing a reduced number of mobile teeth, 
but a higher likelihood of tooth extraction/loss. Subgroup analyses 
dealing with the timing of TM assessment (i.e., before or after the 
APT) failed to find statistically significant differences. However, a vi-
sual evaluation of the forest plots suggests a higher impact of TM on 
the decision to perform an extraction if TM was assessed after APT. 
It may be speculated that, if the periodontal treatment (both non-
surgical and/or surgical) fails to stabilize a mobile tooth, there may be 
a higher tendency towards extraction in the long term.

Remarkably, no statistically significant difference was detected 
for the risk of tooth extraction/loss between TM1 and TM0 when 
TM was assessed before APT (HR: 1.80; 95%CI [0.48–6.80]; p = .39; 
I2=90%), suggesting that mobile teeth should not be extracted be-
fore undergoing periodontal treatment.

The control of periodontal infection is crucial in preventing the 
periodontal breakdown and ultimately reducing the risk of tooth 
loss.41,42 Only studies performing regular SPC were included in this 
SR.43,44 Indeed, a retrospective study demonstrated that patients 
who are non-compliant with SPC responded less favorably to peri-
odontal treatment compared to compliant patients45 also in case of 
similar periodontal conditions at baseline.

While a statistical evaluation of the impact of SPC on the risk 
of extraction for mobile teeth was not within the scope of this SR 

due to variations in SPC frequency among studies, it can be assumed 
that the majority of patients included in this review received instruc-
tions for achieving adequate plaque control during their long-term 
follow-up. It is possible to speculate that many mobile teeth were 
extracted before the beginning of SPC. However, sensitivity analy-
ses considering only teeth extracted during the SPC confirmed the 
results of the overall meta-analyses.

Despite the great heterogeneity observed among studies, which 
may reflect the different clinical decision at baseline (i.e., whether to 
extract or retain a severely compromised tooth), all included studies 
reported higher rates of tooth extraction/loss for mobile teeth.

It could be argued that longer the follow-up, greater the like-
lihood of tooth extraction/loss. Taking into account the length 
of follow-up, subgroup analyses were performed. Three groups 
were considered (i.e., 10–15 years, 15–20 years, >20 years). The 
meta-analyses failed to find statistically significant differences. 
This lack of significance may be attributed to the inclusion criteria, 
which required studies to have a minimum follow-up of 10 years. 
Additionally, the precise timing of extractions during specific fol-
low-up intervals could not be determined, potentially masking the 
impact of time on the risk of tooth loss. Graetz et al., in their anal-
ysis of survival rate curves, reported a consistent trend for tooth 
extraction/loss for mobile teeth also from ten up to 25 years of 
follow-up.30

Another relevant factor influencing TM is trauma from occlusion. 
The impact of occlusal trauma on a reduced periodontium has been 
studied in classic investigations on animal models.46,47

However, aside from periodontal regenerative treatment,14 
there is an ongoing debate and insufficient evidence regarding the 

F I G U R E  5  Meta-analysis of the included studies, grouped according to the length of follow-up: HR for tooth extraction/loss: M0 vs M2.
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    |  11PEDITTO et al.

F I G U R E  6  Subgroup meta-analyses of the included studies according to the timing of TM assessment (i.e., before or after the APT).
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12  |    PEDITTO et al.

impact of the management of occlusal forces on the outcomes of 
periodontal therapy and tooth loss.

In this regard, two main treatment options have been proposed: 
tooth splinting (TS) of two or more teeth into a rigid unit48 and 
Occlusal Adjustment (OA) in order to reduce occlusal over-load.49

A recent systematic review tried to assess the impact of these 
treatments on tooth loss, reporting inconclusive results due to the 
paucity of well-controlled studies.15 The studies included in this SR 
provided different treatments in order to manage occlusal trauma: 
Agudio et al.32 performed TS exclusively on maxillary or mandibular 
anterior sextants when at least two teeth exhibited hypermobility, 
Graetz et  al.31 performed TS in all cases of hypermobility report-
ing no differences in survival between splinted and non-splinted 
teeth. Conversely, Martinez-Canut et al.17 and McGuire and Nunn35 
exclusively performed OA to remove any sign of fremitus. No data 
regarding the impact of this treatment on overall survival rate were 
available. Due to this heterogeneity and lack of comprehensive data, 
it was impossible to assess the impact of TS and OA treatments on 
tooth loss of mobile teeth. However, TS and OA may be beneficial 
and commonly considered components of treatment strategies,15 
even though there is missing information in the included literature 
when it comes to management of TM during different steps of peri-
odontal therapy.

Unfortunately, an analysis for tooth loss based on tooth type 
(i.e., non-molars vs molars; or single-rooted vs multi-rooted) was 
not feasible due to limited data availability. Only Martinez-Canut17 
reported data regarding the loss of mobile molars compared with 
other teeth affected by TM. The reported rate of tooth loss was 19% 
for molars and 6% for incisors. These findings support existing evi-
dence suggesting that the interaction between TM and Furcation in-
volvement of multi-rooted teeth may contribute to increase the loss 
of attachment in the long term.10 On the other hand, Miller et al.,36 

Graetz et al.30 and Shi et al.28 exclusively included molars and re-
ported different HRs. Particularly, Shi et al. reported the highest HR 
among the included studies. This was the only study treating the 
teeth by means of the solely non-surgical treatment.

Similarly, considering the amount of residual bone, none of the 
included studies allowed an analysis stratified according to TM. It 
could be speculated that reduced periodontal support may be asso-
ciated with higher grade of TM. Several studies have demonstrated 
that the extent of bone loss serves as a relevant prognostic indicator. 
In a 10-year follow-up study, Tonetti et al. demonstrated that resid-
ual periodontal support is a predictor of survival of molars affected 
by furcation involvement.50 Additionally, Carnevale et al., in a study 
with a mean 7.8 years SPT following active periodontal treatment, 
found that the extracted teeth had a mean bone loss of 76% of the 
total root length.51

Although this SR has several strengths, mostly relying on the 
long-term follow-up within the included studies and in the wide 
sample size, some methodological considerations should be noted. 
The clinical assessment of tooth mobility has been a historical issue 
in periodontal research. Several methods have been proposed in 
order to reduce the intra and inter-examiner variability. In particu-
lar, Muhlemann et al. used intraorally attached dial indicators to de-
termine the degree of crown excursions produced by known static 
forces, a technique called periodontometry.5 Nevertheless, the rou-
tine use of this device is uncommon in clinical practice. To overcome 
this limitation, as a result, TM is typically assessed clinically through 
categorization into different degrees.52

Although different classifications of TM have been proposed, all 
the included studies referred to Miller6 or Nyman.7 These two clas-
sifications have some differences in describing TM.

Considering the differences and overlaps, the different TM as-
sessments were pooled into 3 categories (i.e., TM0, TM1, TM2), 

F I G U R E  6  (Continued)
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    |  13PEDITTO et al.

with the aim to overcome the limitations related to the different 
assessments among studies. Nevertheless, this approach may limit 
the generalizability of our findings and underscores the need for 
a standardized approach to TM assessment to facilitate future 
research.

Another limitation of this SR is that, although the influence of 
different follow-up lengths was investigated by means of the sub-
group analyses, and that sensitivity analyses accounted for teeth 
lost during SPC, it was impossible to determine the exact moment 
in which the extractions were performed. Moreover, only six of the 
included studies clearly reported the number of teeth extracted for 
periodontal reasons. Although the sensitivity analyses confirmed 
the overall results, a more accurate estimate of TM on periodontal 
prognosis would have been preferred.

Furthermore, all included papers were retrospective, which po-
tentially increases the risk of selection bias and the substantial and 
considerable heterogeneity observed in the meta-analyses further 
complicates the interpretation of results.

Finally, as discussed above, several confounding factors, such 
as the type of treatment to control TM, were often not addressed 
across studies potentially influencing the observed outcomes.

Future research should focus on long-term prospective studies, 
providing information about the clinical management of TM, the 
cases in which the teeth were extracted/lost due to TM and the 
exact moment of tooth extraction during SPC.

5  |  CONCLUSIONS

The findings in this SR suggest that:

1.	 Mobile teeth are at a higher risk of being extracted or lost 
in the long term, and the severity of TM (i.e., TM1, TM2) 
significantly influences the clinicians' decision regarding tooth 
extraction.

2.	 TM itself should not be considered a pathology. Despite the as-
sociation between TM and increased risk of tooth extraction/loss, 
even mobile teeth have the potential to be retained in the long 
term (>20 years) and TM itself (regardless of the degree) should 
not be considered a reason for extraction, especially if associated 
risk factors leading to TM can be addressed during the steps of 
periodontal therapy.

F I G U R E  7  Results of the TSA.

 16000765, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jre.13286 by U

niversita D
i Firenze Sistem

a, W
iley O

nline L
ibrary on [30/09/2024]. See the T

erm
s and C

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

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



14  |    PEDITTO et al.

AUTHOR CONTRIBUTIONS
Conceptualization, L.B., C.R., M.P., G.O., F.C.; data curation, M.P., 
C.R., G.G.; methodology, L.B., G.O., F.C.; formal analysis, C.R., M.P.; 
investigation, M.P., G.G., C.R., L.B.; writing – original draft prepa-
ration, C.R., M.P., and L.B.; writing – review and editing, F.C., R.C., 
M.DM., G.O.; supervision, F.C., G.O.; project administration, F.C., 
G.O. All authors have read and agreed to the published version of 
the manuscript.

ACKNOWLEDG EMENTS
The authors want to deeply thank the authors of the original ar-
ticles, who answered and clarified the unclear/missing informa-
tion on their articles: Dr. Pedro Martínez-Canut (Valencia, Private 
Practice), Dr. Christian Graetz (Christian-Albrechts-Universität zu 
Kiel, Kiel, Germany), Dr. Clóvis Mariano Faggion and Dr. Joachim 
Gerss (Universitätsklinikum Münster, Munster, Germany), Dr. 
Jacopo Buti (Eastman Dental Institute, London, United Kingdom), 
Dr. Michael McGuire (Private Practice Houston, Houston, Texas, 
USA).

FUNDING INFORMATION
This research received no specific grant from any funding agency in 
the public, commercial, or not-for-profit sectors.

CONFLIC T OF INTERE S T S TATEMENT
The authors declare no conflict of interest.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author, [LB], upon reasonable request.

ORCID
Matteo Peditto   https://orcid.org/0000-0002-6995-6276 
Cosimo Rupe   https://orcid.org/0000-0001-9928-4100 
Luigi Barbato   https://orcid.org/0000-0002-0524-7980 
Francesco Cairo   https://orcid.org/0000-0003-3781-1715 
Giacomo Oteri   https://orcid.org/0000-0002-0941-1645 
Raffaele Cavalcanti   https://orcid.org/0000-0003-3391-6536 

R E FE R E N C E S
	 1.	 Papapanou P, Sanz M, Buduneli N, et al. Periodontitis: consensus 

report of workgroup 2 of the 2017 world workshop on the classi-
fication of periodontal and peri-implant diseases and conditions. J 
Clin Periodontol. 2018;45(Suppl 20):S162-S170.

	 2.	 Hirotomi T, Yoshihara A, Ogawa H, Miyazaki H. Tooth-related 
risk factors for tooth loss in community-dwelling elderly people. 
Community Dent Oral Epidemiol. 2012;40(2):154-163.

	 3.	 Hirschfeld L, Wasserman B. A long-term survey of tooth loss in 600 
treated periodontal patients. J Periodontol. 1978;49(5):225-237.

	 4.	 McGuire M, Nunn M. Prognosis versus actual outcome. II. The ef-
fectiveness of clinical parameters in developing an accurate prog-
nosis. J Periodontol. 1996;67(7):658-665.

	 5.	 Mühlemann H. Tooth mobility. The measuring method. Initial and 
secondary tooth mobility. J Periodontol. 1954;25:22-29.

	 6.	 Miller. Textbook of Periodontia. 3rd ed. The Blakiston Co. 1950.

	 7.	 Nyman S, Lindhe J, Lundgren D. The role of occlusion for the sta-
bility of fixed bridges in patients with reduced periodontal tissue 
support. J Clin Periodontol. 1975;2:53-66.

	 8.	 Barbe A, Javadian S, Rott T, et al. Objective masticatory efficiency 
and subjective quality of masticatory function among patients with 
periodontal disease. J Clin Periodontol. 2020;47(11):1344-1353.

	 9.	 Fleszar T, Knowles J, Morrison E, Burgett F, Nissle R, Ramfjord 
S. Tooth mobility and periodontal therapy. J Clin Periodontol. 
1980;7:495-505.

	10.	 Wang H, Burgett F, Shyr Y, Ramfjord S. The influence of molar fur-
cation involvement and mobility on future clinical periodontal at-
tachment loss. J Periodontol. 1994;65:25-29.

	11.	 Burgett F, Ramfjord S, Nissle R, Morrison E, Charbeneau T, Caffesse 
R. A randomized trial of occlusal adjustment in the treatment of 
periodontitis patients. J Clin Periodontol. 1992;19(6):381-387.

	12.	 P. Cortellini, M. Tonetti, N. P. Lang, et al. The simplified papilla pres-
ervation flap in the regenerative treatment of deep intrabony de-
fects: clinical outcomes and postoperative morbidity.» J Periodontol, 
72, 1701–1712, 2001.

	13.	 Trejo P, Weltman R. Favorable periodontal regenerative outcomes 
from teeth with presurgical mobility: a retrospective study. J 
Periodontol. 2004;75(11):1532-1538.

	14.	 Cortellini P, Tonetti M. Clinical concepts for regenerative therapy in 
intrabony defects. Periodontol 2000. 2015;68(1):282-307.

	15.	 Dommisch H, Walter C, Difloe-Geisert J, Gintaute A, Jepsen S, 
Zitzmann N. Efficacy of tooth splinting and occlusal adjustment in 
patients with periodontitis exhibiting masticatory dysfunction: a 
systematic review. J Clin Periodontol. 2022;49(Suppl 24:14):149-166.

	16.	 Muzzi L, Nieri M, Cattabriga M, Rotundo R, Cairo F, Pini Prato G. The 
potential prognostic value of some periodontal factors for tooth loss: 
a retrospective multilevel analysis on periodontal patients treated 
and maintained over 10 years. J Periodontol. 2006;77(12):2084-2089.

	17.	 Martínez-Canut P. Predictors of tooth loss due to periodontal dis-
ease in patients following long-term periodontal maintenance. J 
Clin Periodontol. 2015;42(12):1115-1125.

	18.	 Helal O, Göstemeyer G, Krois J, Fawzy El Sayed K, Graetz C, 
Schwendicke F. Predictors for tooth loss in periodontitis pa-
tients: systematic review and meta-analysis. J Clin Periodontol. 
2019;46(7):699-712.

	19.	 Page M, McKenzie J, Bossuyt P, et  al. The PRISMA 2020 state-
ment: an updated guideline for reporting systematic reviews. BMJ. 
2021;372:71.

	20.	 Miller S, Forrest J. Enhancing your practice through evidence-
based decision making: PICO, learning how to ask good questions. J 
Evid Based Dent Prac. 2001;1:136-141.

	21.	 Stang A. Critical evaluation of the Newcastle-Ottawa scale for 
the assessment of the quality of nonrandomized studies in meta-
analyses. Eur J Epidemiol. 2010;25(9):603-605.

	22.	 Sterne J, Savović J, Page MJ, et al. RoB 2: a revised tool for assess-
ing risk of bias in randomised trials. BMJ. 2019;366:l4898.

	23.	 Eldridge S, Ashby D, Kerry S. Sample size for cluster randomized 
trials: effect of coefficient of variation of cluster size and analysis 
method. Int J Epidemiol. 2006;35(5):1292-1300.

	24.	 Tierney J, Stewart L, Ghersi D, Sydes SB e M. Practical methods 
for incorporating summary time-to-event data into meta-analysis. 
Trials. 2007;7(8):16.

	25.	 Higgins J, Green S. Cochrane handbook for systematic reviews of in-
terventions version 5.1.0. The Cochrane Collaboration; 2011.

	26.	 Egger M, Davey Smith G, Schneider M, Minder C. Bias in 
meta-analysis detected by a simple, graphical test. BMJ. 
1997;315(7109):629-634.

	27.	 Petsos H, Ramich T, Nickles K, et al. Tooth loss in periodontally com-
promised patients: retrospective long-term results 10 years after 
active periodontal therapy-tooth-related outcomes. J Periodontol. 
2021;92(12):1761-1775.

 16000765, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jre.13286 by U

niversita D
i Firenze Sistem

a, W
iley O

nline L
ibrary on [30/09/2024]. See the T

erm
s and C

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

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-6995-6276
https://orcid.org/0000-0002-6995-6276
https://orcid.org/0000-0001-9928-4100
https://orcid.org/0000-0001-9928-4100
https://orcid.org/0000-0002-0524-7980
https://orcid.org/0000-0002-0524-7980
https://orcid.org/0000-0003-3781-1715
https://orcid.org/0000-0003-3781-1715
https://orcid.org/0000-0002-0941-1645
https://orcid.org/0000-0002-0941-1645
https://orcid.org/0000-0003-3391-6536
https://orcid.org/0000-0003-3391-6536


    |  15PEDITTO et al.

	28.	 Shi S, Meng Y, Li W, Jiao J, Meng H, Feng X. A nomogram predic-
tion for mandibular molar survival in Chinese patients with peri-
odontitis: a 10-year retrospective cohort study. J Clin Periodontol. 
2020;47(9):1121-1131.

	29.	 Faggion C, Petersilka G, Lange D, Flemmig JGT. Prognostic model 
for tooth survival in patients treated for periodontitis. J Clin 
Periodontol. 2007;34(3):226-231.

	30.	 Graetz C, Schützhold S, Plaumann A, et al. Prognostic factors for 
the loss of molars-an 18-years retrospective cohort study. J Clin 
Periodontol. 2015;42(10):943-950.

	31.	 Graetz C, Ostermann F, Woeste S, Sälzer S, Dörfer C, Schwendicke 
F. Long-term survival and maintenance efforts of splinted teeth in 
periodontitis patients. J Dent. 2019;80:49-54.

	32.	 Agudio G, Buti J, Bonaccini D, Pini Prato G, Cortellini P. Longevity 
of teeth in patients susceptible to periodontitis: clinical outcomes 
and risk factors associated with tooth loss after active therapy 
and 30 years of supportive periodontal care. J Clin Periodontol. 
2023;50(4):520-532.

	33.	 Saleh M, Dias D, Mandil O, et al. Influence of residual pockets on 
periodontal tooth loss: a retrospective analysis. J Periodontol. 2023. 
Online ahead of print.

	34.	 Graetz C, Sälzer S, Plaumann A, et al. Tooth loss in generalized ag-
gressive periodontitis: prognostic factors after 17 years of support-
ive periodontal treatment. J Clin Periodontol. 2017;44(6):612-619.

	35.	 McGuire M, Nunn M. Prognosis versus actual outcome. IV. The effec-
tiveness of clinical parameters and IL-1 genotype in accurately pre-
dicting prognoses and tooth survival. J Periodontol. 1999;70(1):49-56.

	36.	 Miller P, McEntire M, Marlow N, Gellin R. An evidenced-based 
scoring index to determine the periodontal prognosis on molars. J 
Periodontol. 2014;85(2):214-225.

	37.	 Siow D, Goh E, Ong M, Preshaw P. Risk factors for tooth loss and 
progression of periodontitis in patients undergoing periodontal 
maintenance therapy. J Clin Periodontol. 2023;50(1):61-70.

	38.	 Nyman S, Lang N. Tooth mobility and the biological rationale for 
splinting teeth. Periodontol 2000. 1994;4:15-22.

	39.	 Fan J, Caton J. Occlusal trauma and excessive occlusal forces: nar-
rative review, case definitions, and diagnostic considerations. J Clin 
Periodontol. 2018;45(Suppl 20):S199-S206.

	40.	 Persson R. Assessment of tooth mobility using small loads. II. Effect 
of oral hygiene procedures. J Clin Periodontol. 1980;76:506-515.

	41.	 Sanz M, Herrera D, Kebschull M, et  al. Treatment of stage I-III 
periodontitis-the EFP S3 level clinical practice guideline. J Clin 
Periodontol. 2020;47(Suppl 22):4-60.

	42.	 Axelsson P, Nyström B, Lindhe J. The long-term effect of a plaque 
control program on tooth mortality, caries and periodontal disease 
in adults. Results after 30 years of maintenance. J Clin Periodontol. 
2004;31(9):749-757.

	43.	 Becker W, Berg L, Becker B. The long-term evaluation of periodon-
tal treatment and maintenance in 95 patients. Int J Periodontics 
Restorative Dent. 1984;4:54-71.

	44.	 Becker W, Becker B, Berg L. Periodontal treatment without 
maintenance. A retrospective study in 44 patients. J Periodontol. 
1984;55:505-509.

	45.	 König J, Plagmann H, Langenfeld N, Kocher T. Retrospective com-
parison of clinical variables between compliant and non-compliant 
patients. J Clin Periodontol. 2001;28(3):227-232.

	46.	 Polson A. Trauma and progression of marginal periodontitis in 
squirrel monkeys. II. Co-destructive factors of periodontitis and 
mechanically-produced injury. J Periodontal Res. 1974;9:108-113.

	47.	 Ericsson I, Lindhe J. Lack of effect of trauma from occlusion on 
the recurrence of experimental periodontitis. J Clin Periodontol. 
1977;4:114-127.

	48.	 Jepsen S, Caton J, Albandar J, et  al. Periodontal manifestations 
of systemic diseases and developmental and acquired conditions: 
consensus report of workgroup 3 of the 2017 world workshop on 
the classification of periodontal and peri-implant diseases and con-
ditions. J Clin Periodontol. 2018;45(Suppl 20):S219-S229.

	49.	 American Academy of Periodontology. Glossary of periodontal 
terms. Retrieved from 2001 https://​www.​perio.​org

	50.	 Tonetti M, Christiansen A, Cortellini P. Vertical subclassifica-
tion predicts survival of molars with class II furcation involve-
ment during supportive periodontal care. J Clin Periodontol. 
2017;44(11):1140-1144.

	51.	 Carnevale G, Cairo F, Tonetti M. Long-term effects of supportive 
therapy in periodontal patients treated with fibre retention osse-
ous resective surgery. II: tooth extractions during active and sup-
portive therapy. J Clin Periodontol. 2007;34(4):342-348.

	52.	 Mani S, Mani A, Sachdeva S, Maniyar S, Anuraga S, Kale P. 
Indices to assess tooth mobility: a review. Int J Dent Sci Innov Res. 
2019;2(2):630-635.

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Peditto M, Rupe C, Gambino G, et al. 
Influence of mobility on the long-term risk of tooth 
extraction/loss in periodontitis patients. A systematic review 
and meta-analysis. J Periodont Res. 2024;00:1-15. 
doi:10.1111/jre.13286

 16000765, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jre.13286 by U

niversita D
i Firenze Sistem

a, W
iley O

nline L
ibrary on [30/09/2024]. See the T

erm
s and C

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

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.perio.org
https://doi.org/10.1111/jre.13286

	Influence of mobility on the long-­term risk of tooth extraction/loss in periodontitis patients. A systematic review and meta-­analysis
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Focus question
	2.2|Information sources and search strategy
	2.3|Selection process
	2.4|Data collection process and data items
	2.5|Risk of bias assessment
	2.6|Effect measures and synthesis methods

	3|RESULTS
	3.1|Study characteristics
	3.2|Results of individual studies
	3.3|Risk of bias in studies
	3.4|Results of syntheses
	3.5|Subgroup Analyses for follow-­up length
	3.6|Subgroup Analyses for timing of TM assessment
	3.7|Sensitivity analyses
	3.8|Trial sequential analysis
	3.9|Publication bias

	4|DISCUSSION
	5|CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


