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Abstract

Purpose: The present meta-analysis aimed to answer the following research question: In endodontically treated teeth
(ETT), what is the effect of partial ferrule (PF) on fracture resistance compared to complete ferrule (CF) and/or no ferrule
(NF)?

Study selection: PubMed, Scopus, Web of Science, and Google Scholar were searched for relevant studies published until
May 20, 2022. In vitro studies that compared the effect of partial ferrule with that of complete ferrule and/or no ferrule on
fracture resistance of ETT were included. The studies were assessed for risk of bias, and a meta-analysis was performed.
Results: Seventeen in vitro studies comprising 807 teeth were included. Nine studies were at a high risk of bias and eight
presented a moderate risk of bias. Overall, the results showed that CF was superior to PF in increasing fracture resistance
(SMD= 0.93, Clgse,= 0.57-1.29, P< 0.0001), with no change in the effect based on the type of teeth (P< 0.001). However, the
subgroup analysis found that PF 2 mm buccal, lingual, and buccal and lingual ferrule were comparable to CF (P= 0.06).
Additionally, the PF group showed significantly higher fracture resistance than the NF group (SMD= 2.02, Clgzo,= 1.54-2.49,
P< 0.00001).

Conclusions: Although CF design provided the highest fracture resistance to restored ETT, PF can still be a viable option
for restoring ETT in cases where CF is not feasible.
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and crown restorations of varying designs, materials, and cements/
luting agents[2]. However, when a decision is made to restore an ETT,
the long-term prognosis of the contemplated restoration is of para-
mount importance[3]. In this respect, many factors may play a role
in improving the survival and fracture resistance of the restored ETT;
these include volume and integrity of the remaining tooth structure,
anatomy/morphology of the root canal, position of the tooth in the

1. Introduction

Despite being challenging, the restoration of severely damaged
nonvital teeth can be the first treatment option for many practicing
dentists. This is because of the various potential functional, psycho-
logical, and financial merits of retaining/restoring a tooth versus
tooth extraction and prosthetic replacement[1]. Commonly, restora-

tion of endodontically treated teeth (ETT) involves posts and cores
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dental arch, presence of proximal contacts, nature of occlusion, core
material, restoration design, ferrule effect, and number of remaining
walls[4,5]. Among the former factors, the ferrule effect and number
of remaining walls seem to be particularly important[6]. A ferrule
effect was introduced by Eissman and Radke[7] to describe the
360-degree ring of cast metal and recommended the extension of
the definitive cast restoration at least 2 mm apical to the junction of
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the core and the remaining tooth structure to reduce the risk of tooth
fracture by decreasing the stresses affecting the restored tooth[7]. A
height of 1.5-2.0 mm and thickness of at least 1 mm are the minimum
required height/thickness for a ferrule to achieve an adequate ferrule
effect[8].

While current literature suggests a positive impact of the pres-
ence of a ferrule on the longevity and fracture resistance of the ETT,
evidence is still conflicting regarding the best configuration for a
ferrule to provide the optimal fracture resistance for an ETT[6,9,10]. It
is worth mentioning here that while complete ferrule (CF) is effective
in improving the fracture resistance and longevity of the restoration
of ETT[11], it is not possible to secure/provide CF in all clinical cases.
For example, deep proximal boxes are a common sequela of inter-
proximal caries in both anterior and premolar teeth, resulting in a
compromised ferrule in these areas. Therefore, the clinical decision
needs to weigh the benefits and the risks of achieving an ‘all around’
uniform ferrule. The clinical implications of a crown lengthening pro-
cedure may include many complications such as damage to adjacent
teeth, reduction of the attached gingiva width, tooth sensitivity, and
the risk of postoperative tooth recession[12]. Such complications
should be evaluated against the biomechanical risks of a crown that
does not have a CF.

When extensive lateral forces are not anticipated, PF can be
useful and may replace CF in ETT to preserve the remaining tooth
structure and save the clinician’s time and effort[11,13]. In this con-
text, a number of in vitro studies have been conducted to assess
the effect of PF on the fracture resistance of ETT and have reported
inconsistent results. While many studies reported inferiority of PF in
increasing the fracture resistance compared to CF[11,13-15], others
have found comparable results[16,17] or even better outcomes in
favor of PF[18,19]. Based on the above-mentioned findings, it seems
that there is controversy regarding the effect of PF on the fracture
resistance of ETT. Additionally, there is a clear need for evidence-
based knowledge to guide clinical decisions and adequately plan
the restorative dental treatment of ETT. Hence, the present study
aimed to systematically review and evaluate the available evidence
regarding the effect of PF on the fracture resistance of ETT compared
to CF or noferrule (NF). The focused questioniis: In ETT (P), what is the
effect of partial ferrule (1) on the fracture resistance (O) compared to
CF and/or NF (C)?

2. Materials and Methods

The present meta-analysis was performed according to PRISMA
(2020) guidelines and PICO principles[20].

2.1. Eligibility criteria

All in vitro studies that compared PF with either the CF or NF
group, and fulfilled the following criteria were included:1) interven-
tion (1): partial ferrule, 2) comparison group (C): complete ferule and/
or no ferrule; 3) population (P): anterior or posterior ETT; 4) outcomes
(0): fracture resistance; and 5) a minimum sample size of five teeth.

The exclusion criteria were:1) clinical studies, 2) uncontrolled
studies, 3) missing relevant numerical data, and 4) editorials and
reviews.

2.2. Search strategy and information sources

A detailed search strategy is presented in Table S1. The follow-
ing online databases (PubMed, Scopus, Web of Science, and Google
scholar) were searched on May 21, 2022, by two independent inves-
tigators to identify all relevant studies published up to May 20, 2022.
The list of retrieved references was manually searched for additional
relevant studies. Disagreements between the two investigators were
resolved by discussion or consultation with a third reviewer. The
following keywords were used in combination: ((“endodontically
treated teeth” OR “endodontically treated molar” OR “endodonti-
cally treated premolar”) AND (“dental restoration” OR “fiber post”
OR “metal post” OR “ferrule” OR “partial ferrule” OR “circumferential
Ferrule”) AND (“fracture resistance” OR “fracture”))

2.3. Screening and selection process

All identified studies were exported to the Endnote software
program version 9, and duplicate studies were removed. Two inves-
tigators (MS and SA) independently screened the titles and abstracts
of all the studies, and irrelevant articles were removed. The full texts
of the remaining studies were then obtained and evaluated for inclu-
sion.

2.4. Data extraction

The following data were extracted by two independent investi-
gators (MA and FA): authors and country of the study, type of teeth,
sample size, ferrule configuration, numerical data pertaining to
fracture resistance, and conclusions. Additional data were extracted,
including the type of post and crown, loading angle, crosshead
speed, and fracture mode.

2.5. Quality assessment

Two independent investigators (FA and BA) appraised the
methodological quality of the included studies by utilizing a previ-
ously used tool for in vitro studies[21]. The following parameters
were evaluated: teeth randomization, teeth free from caries, adher-
ence to manufacturer’s instructions, teeth with similar dimensions,
simulation of the periodontal ligament, single operator, blinding of
the operator, and sample size calculation. Based on this, the risk of
bias was judged as high, moderate, or low.

If the authors reported the parameter in question, the study
receive a “Y” (yes or low risk) on that specific parameter. If the param-
eter was not reported or it was not possible to find the information,
the paper received “N” (no or high risk). Accordingly, the study was
classified as either having a high risk of bias (reported only 1-3 pa-
rameters), moderate risk of bias (reported 4-6 parameters), or low risk
of bias (reported 7 or 8 parameters).

2.6. Statistical analysis

Statistical analysis was performed using the Review Manager
software (RevMan Version 5.3.; The Cochrane Collaboration, 2014).
Meta-analyses were conducted using Cohen’s d as a measure of the
effect size by calculating the standardized mean difference (SMD)
for the groups along with 95% confidence intervals (Cls). Heteroge-
neity was evaluated using the chi-square test and I? statistics. The
fixed-effects model was used for low/moderate heterogeneity (I? <
50%), while the random-effects model was applied for significant
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Fig. 1. Flowchart of the search strategy

heterogeneity (P < 0.10 and I> > 50%)[22,23]. Potential publication
bias was assessed using funnel plots and Egger’s test. For the two
studies[24,25], the median, mean, and SD were calculated based on
the median, range, and sample size, according to the formulas sug-
gested by Hozo et al.[26]. A P-value less than 0.05 was considered
significant for all tests.

3. Results

Figure 1 illustrates the search strategy used in the review pro-
cess. Atotal of 1961 studies were identified from the search databases
(Table S1). In the first round of review, 1150 records were removed
as duplicates, and the remaining 811 records were assessed based
on titles and abstracts. Furthermore, 743 records were excluded as
they were irrelevant. In the second round of review, the full texts of
the remaining 68 studies were extracted and screened for eligibility.
Of these, 51 studies were excluded as ineligible (Table S2). Finally,
17 studies were included in the qualitative and quantitative analy-
sis[11,13-17,19,24,25,27-34].

3.1. Characteristics of the included studies

Table 1 shows the characteristics of the 17 in vitro studies
included in this analysis. Regarding the type of teeth, eight used
maxillary incisors[11,14-16,24,30,31,34], four used mandibular pre-
molars[17,28,32,33], two used maxillary anterior teeth[19,25], one
study used maxillary canines[29], one study used maxillary canines
and mandibular premolars[13], and another study used different
types of teeth in the same group[27]. A total of 848 teeth were used
in these studies to determine the parameters of interest. The sample
size for each group ranged from 7 to 12 teeth, with most studies
using 10 teeth in each group (Table 2). Six studies used glass fiber

posts[13,14,17,24,28,32], four used quartz fiber posts[16,19,25,29],
three used fiber posts without mentioning the type[30,33,34], and
four used cast posts[11,15,27,31]. Nine studies used metal crowns,
two used all-ceramic crowns, two used metal copings, and three did
not report the type of crown. The loading angle ranged from 25°
to 135° with most studies used 135° loading angle. The cross-head
ranged from 0.5 to 10 mm/min, with most studies using T mm/min,
one study used 2.5 mm/min, and another study using a speed of 10
mm/min. Regarding the failure mode, three studies did not report
the failure mode, whereas 14 studies reported the failure mode of
fracture with different assessment criteria. The additional details are
provided in Table 2.

3.2. Outcome measures

Only tested groups related to the objectives of the review
were selected for the analysis. In total, 85 groups were indepen-
dently tested. Three studies[24,30,33] compared only a 2 mm
circular ferrule (positive control) with different PF designs, twelve
studies[11,13-17,19,25,28,29,31,34] compared 2 mm circular ferrule
(positive control) and NF (negative control) with different PF designs,
and two studies[27,32] compared only NF (negative control) with
different PF designs. In relation to the PF design, eight studies used
either buccal or lingual walls[11,16,17,19,24,28,30,31,34]; four stud-
ies[15,25,29,33] used either buccal, lingual, or proximal walls; one
study[14] used only one proximal wall with different heights; one
study[13] used a uniform ferrule (2 mm) except 0.5mm height at the
buccal, lingual, or proximal walls; and one study[27] used only buccal
walls with different heights.

Eight studies[11,13-15,28,29,31,34] showed that the 2 mm CF
(positive control) was the best, six studies[19,24,25,27,30,33] showed
that PF (including different designs) was the best, while only three
studies[16,17,32] showed no significant effect of the ferrule design.
All studies reported fracture resistance in newtons(N). Thirteen stud-
ies reported the mean and standard deviation, while two studies
reported the median and range. The recorded force ranged from
130.01N (NF) to 1181.66N (CF). Only one study showed a higher value
in the negative control group; however, the difference was not sig-
nificant.

3.3. Quality assessment and risk of bias

Table 3 summarizes the results of the quality evaluation. In brief,
eight studies were graded as having a moderate risk of bias, and the
other nine studies were graded as having a high risk of bias. Most
methodological flaws were related to the criteria of “Endodontic
treatment performed by a single operator,” “Sample size calculation”
and “Blinding of the operator of the testing machine.”

3.4. Meta-analysis results:

Four models of meta-analysis were performed to investigate
possible methods of comparison as follows:

3.4.1. 2mm CF vs. PF:

Fifteen studies were included in the model. Overall, the 2 mm
CF group showed significantly higher fracture resistance than the
PF group (SMD= 0.93, Clgse,= 0.57-1.29, P< 0.00001). The result was
the same for subgroup analysis based on the type of teeth (SMD=
0.99, P< 0.0001 and SMD= 0.76, P= 0.006 for anterior and premolar
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Table 1. Characterizations of the included studies

Study Sample size Ferrule configuration Fracture resistance Conclusion
Sulaiman et al., Mand. premolars Buccal wall (2 mm) 4729+ 1014 2 mm ferrule on the
2021 (N=50) Lingual wall 2 mm) 7235+ 1813 '(g‘ggi)'g;‘ie was the best
Malaysia (n=10 each group) Mesial wall (2 mm) 598.1 +96.4

Distal wall (2 mm) 559.1 +£129.5

Complete ferrule (2 mm) 591.3 + 149.7
Pantaleon et al., Max. incisors One proximal wall (1 mm) 469 +72 2 mm complete circular
2019 (N= 60 teeth) One proximal wall (2 mm) 494 + 137 gecr)rSL;Ie was the best (P<
Dominican (n=10each group) One proximal wall (3 mm) 514 + 117

One proximal wall (4 mm) 557 +177

Complete ferrule (2 mm) 707 + 162

Non-ferrule (0 mm) 355+34

Elavarasu et al.,
2019
India

Max. incisors
(N= 28 teeth)
(n =7 each group)

Buccal (2 mm) &lingual (3 mm) walls
Buccal (2 mm) & lingual (4 mm) walls
Complete ferrule (2 mm)

1019.00 = 52.56
971.59 + 66.52
1181.66 + 68.3

2 mm complete circular
ferrule was the best (P<
0.001).

Non-ferrule (0 mm) 888.0 £ 60.57
Pantaleon et al., Max. incisors Buccal (2 mm) & lingual (2 mm) walls 697 + 165 2 mm complete circular
2018 (N= 50 teeth) Buccal (3 mm) & lingual (3 mm) walls 844+ 143 gegg;'e was the best (P<
Dominican (n=10each group) Buccal (4 mm) & lingual (3 mm) walls 853 + 115
Complete ferrule (2 mm) 932 + 236
No ferrule (0 mm) 494 + 110
Haralur et al., Max. canines Canines 2 mm complete circular
2018 (N=50) Uniform (2 mm) except 0.5 height at lingual wall 656.79 = 37.89 g%'o”]'f was the best (P<
KSA Mand. premolars Uniform (2 mm) except 0.5 height at buccal wall 742.64 + 51.69
(N=50) Uniform (2 mm) except 0.5 height at proximal wall 773.63 +£49.29
(n=10each group) Complete ferrule (2 mm) 821.56 +46.54
Non-ferrule (0 mm) 566.63 + 47.59
Premolars
Uniform (2 mm) except 0.5 height at lingual wall 586.65 + 33.26
Uniform (2 mm) except 0.5 height at buccal wall 662.04 +32.29
Uniform (2 mm) except 0.5 height at proximal wall 679.34 + 27.09
Complete ferrule (2 mm) 730.75 + 2791
Non-ferrule (0 mm) 500.90 + 25.05
Jasimetal., Max. canines Palatal wall 180° (2mm) 747.7 £149.20 2 mm complete circular
2016 (N=50) Labial wall 180° (2mm) 3473+ 137.22 ge('g;'e was the best (P<
Iraq (n=10each group)  Proximal wall 180° (2mm) 386.6 + 128.55
Complete ferrule (2 mm) 803.7 £ 170.63
Non-ferrule (0 mm) 186.7 + 125.54
Duaetal.,, Mand. premolars Buccal wall (2 mm) 855 + 88.53 2 mm complete circular
2016 (N=50) Lingual wall 2 mm) 720.40 + 105.36 E‘?&'&'f was the best (P<
India (n=10each group)  Buccal & lingual walls (2 mm) 733.20 £ 160.97
Complete ferrule (2 mm) 923.20 +177.07
Non-ferrule (0 mm) 276.55 + 53.59
Zhangetal,, Max. incisors Buccal (1 mm) & lingual (0 mm) walls 167.32 +46.20 2 mm complete circular
2015 (N= 60 teeth) Buccal (2 mm) &lingual (0 mm) walls 203.56 +67.93 ge(r)rSL;Ie was the best (P<
China (n=10each group)  Buccal (0 mm) & lingual (1 mm) walls 280.24 + 59.26
Buccal (0 mm) &lingual (2 mm) walls 380.17 + 87.35
Complete ferrule (2 mm) 532.82 +126.42
Non-ferrule (0 mm) 130.01 +30.31
Samran etal., Mand. premolars Buccal wall (2 mm) 826.6 £ 193.9 No significant differences
2015 (N=60) Lingual wall (2 mm) 930.3 +259.4 grirjggt‘P”f&rg‘;“g the
Germany (n=12each group)  Buccal & lingual walls (2 mm) 795.2 +245.5
Complete ferrule (2 mm) 856.9 + 2359
Non-ferrule (0 mm) 791.1£234.3
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Study

Sample size

Ferrule configuration

Fracture resistance Conclusion

Muangamphan et al.,
2015

Thailand

Max. anteriors
(N= 60 teeth)
(n=10 each group)

Buccal wall (2 mm)

Lingual wall (2 mm)

Buccal & lingual walls (2 mm)

Buccal, lingual, & mesial walls (2 mm)
Complete ferrule (2 mm)
Non-ferrule (0 mm)

454.74 + 57.89
54572 £91.58
73598 +191.14
778.14 +224.81
668.92 +170.49
425.42 +141.07

labial, mesial, and palatal
ferrule was the best
(P <0.01).

Sherfudhin et al., Mand. premolars Buccal (2 mm) & lingual (1 mm) walls 952.8 + 246 No significant differences
2011 (N=30) Buccal (3 mm) & lingual (2 mm) walls 909.2 + 226 ‘é"gjg;’t‘;f&%%?‘g the
KSA (n=10each group)  Non-ferrule (0 mm) 996.7 £ 279
Izadiet al., Max. incisors Buccal wall (2 mm) 828.90 + 118.27 2 mm facial ferrule was
2010 (N=40teeth)  Lingual wall 2 mm) 634.75+133.35  thebest (P=0.006)
Iran (n=10eachgroup) Buccal &lingual walls (2 mm) 678.78 + 160.24

Complete ferrule (2 mm) 533.79+232.28
Dikbas et al., Max. incisors Buccal wall (2 mm) 489.2 +179.4 No significant differences
2007 (N= 50 teeth) Lingual wall (2 mm) 4744 +139.5 gﬁ:ﬁ;?t’pnf(i(?s?,ng the
Turkey (n=10eachgroup) Buccal &lingual walls (2 mm) 460.3+ 136

Complete ferrule (2 mm) 544.2 + 269.5

Non-ferrule (0 mm) 313.9 +150.8

Naumann et al.,,

Max. incisors

Buccal wall (2 mm)

899 (396-1176)

2 mm facial ferrule was
the best (P=0.014).

2006 (N=40 teeth) Lingual wall (2 mm) 658 (280-827)
Germany (n=10eachgroup) Buccal &lingual walls (2 mm) 360 (279-646)

Complete ferrule (2 mm) 502 (326-561)
Ngetal., Max. anteriors Palatal wall 180° (2mm) 782 (726-838) Partial 180° palatal ferrule
2006 (N=50teeth) Labial wall 180° (2mm) 358 (327-389)  Wasthebest (P<0.001).
USA (n=10eachgroup) Proximal wall 180° (2mm) 375 (352-398)

Complete ferrule (2 mm) 607 (443-771)

Non-ferrule (0 mm) 172 (158-186)
Tanetal, Max. incisors Buccal, lingual (2 mm), and proximal (0.5 mm) walls 427 + 88 2 mm complete circular
2005 (N= 30 teeth) Complete ferrule (2 mm) 587 £ 110 gég';;l)e. was the best (P<
USA (n=10each group) Non-ferrule (0 mm) 583.67 + 86.09
Al-Wahadni et al., Max. incisors Buccal wall (3 mm) 271 +79.99
2002 Buccal wall (4 mm) 238 +57.51 3 mm buccal ferrule was
Jordan Max. & Mand. canines  Byccal wall (5 mm) 238.60+43.43  the best (P=0.024)

and premolars

(N=40 teeth)
(n=10 each group)

Non-ferrule (0 mm)

209.20 +£46.20

3.4.3. NFvs.PF

teeth, respectively). The subgroup analysis showed no significant
difference between the anterior and premolar teeth (P=0.52) (Fig. 2).

3.4.2. 2 mm CF vs. 2 mm buccal, lingual, and buccal & lingual
partial ferrule:

Eight studies were included in this analysis. The test for over-
all effect revealed no significant difference (P= 0.06) in fracture
resistance between 2 mm CF vs. 2 mm buccal, lingual, and buccal
and lingual partial ferrule. The results were also the same for each
category (P= 0.17 for the comparison with the 2 mm buccal ferrule,
P=0.68 for the comparison with the 2 mm lingual ferrule, and P=0.13
for the comparison with the 2 mm buccal & lingual ferrule) (Fig. 3).

Two models are used in this study. Fourteen studies were in-
cluded in the first model to compare the overall effects. However, for
subgroup analysis (anterior vs. posterior) in the second model, one
study was excluded because different types of teeth were used in
the same group. The test for overall effect in the first model showed
significantly higher fracture resistance of PF than NF (SMD= 2.02,
Clgse,= 1.54-2.49, P< 0.00001) (Fig. 4). In the second model, PF also
showed significantly higher fracture resistance compared to NF for
both anterior and premolar teeth, with no significant difference
between the groups (P=0.49) (Fig. 5).

3.5. Heterogeneity and Publication bias

All the tested models showed high heterogeneity levels, ranging
from 53% to 92%. Qualitative funnel plots and quantitative Egger’s
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Table 2. Additional characterizations and experiment parameters of the included studies

Study Type of post Type of crown Loading angle Cross-head speed Fracture mode
Sulaiman et al., 2021 Fiber post Metal crown 25° 0.5 mm/min Yes
Pantaleon et al., 2019 Fiber post Metal crown 45° 0.5 mm/min Yes
Elavarasu et al., 2019 Cast post NA 135° 1T mm/min No
Pantaleon et al., 2018 Cast post Metal crown 45° 0.5 mm/min Yes
Haralur et al., 2018 Fiber post Metal coping ;Sior;’rce?:\]g}g:s 0.5 mm/min No
Jasim et al., 2016 Fiber post Metal crown 135° 0.5 mm/min Yes
Duaetal., 2016 Fiber post Metal crown 160 1T mm/min Yes
Samran et al., 2015 Fiber post Metal crown 30 1T mm/min Yes
Muangamphan et al., 2015 Fiber post Metal crown 135° 1T mm/min Yes
Zhang et al., 2015 Fiber post Metal coping 45° 0.5 mm/min Yes
Sherfudhin et al., 2011 Fiber post Ceramic crown 45° 1T mm/min Yes
Izadi et al. 2010 Fiber post NA 135° 1 mm/min Yes
Dikbas et al., 2007 Fiber post Metal crown 135° T mm/min Yes
Naumann et al., 2006 Fiber post Ceramic crown 135° 1T mm/min Yes
Ng et al., 2006 Fiber post Metal crown 135° 0.5 mm/min Yes
Tan et al., 2005 Cast post Metal crown 45° 2.5 mm/min Yes
Al-Wahadni et al., 2002 Cast post NA 130° 10 mm/min No

Table 3. Assessment of risk of bias of the included studies

N Study Teeth Ran-  Teeth Free Materials ~ Teeth With ~ Simulation Endodontic Sample Size Blinding of Risk of Bias
domization of Cariesor  Used Ac- Similar Di- of periodon- Treatment Calculation the Operator
Restoration cordingto  mensions tal ligament Performed of the Test-
the Manu- by a Single ing Machine
facturer’s operator
Instructions
1 Sulaiman et al., 2021 Y Y N Y Y N N N Moderate
2 Pantaleonetal., 2019 N Y Y Y N N Y N Moderate
3 Elavarasu et al., 2019 Y Y N Y N N N N High
4 Pantaleon et al., 2018 N Y Y Y N N N N High
5 Haraluretal., 2018 Y Y N N Y N N N High
6 Jasimetal., 2016 Y Y Y Y N Y N N Moderate
7 Duaetal, 2016 N Y N Y Y N N N High
8 Samran etal., 2015 N N Y Y Y N N N High
9 Muangamphan et al., 2015 N Y N Y Y N N N High
10 Zhangetal., 2015 Y Y Y Y Y N N N Moderate
11 Sherfudhin et al., 2011 Y Y Y Y Y N N N Moderate
12 lzadietal., 2010 Y Y N Y Y N N N Moderate
13 Dikbas et al., 2007 N Y N Y Y N N N High
14 Naumann et al., 2006 Y Y Y Y Y N N N Moderate
15 Ngetal, 2006 Y Y N N N N N N High
16 Tan etal, 2005 Y Y N Y N Y N Y Moderate
17 Al-Wahadni et al., 2002 N Y N Y N N N N High

tests showed publication bias among the studies for all comparisons
(Figs. 6A and B).

4. Discussion

The impact of PF on the fracture resistance of ETT has been a
subject of debate for many years[14,35-37]. Hence, the present
meta-analysis sought to investigate the effect of PF on the fracture
resistance of ETT in comparison with that of CF and/or NF. The results

of the present meta-analysis revealed that CF is more effective in
reducing fractures than PF; however, the subgroup analysis found
that some PFs (buccal 2 mm, lingual 2 mm, and buccal and lingual
2 mm) were comparable to CF. Additionally, the results revealed that
PF significantly increased fracture resistance as compared to NF.

A key finding of the present study was that CF was superior to
PF in terms of fracture resistance. This finding supports a previous
systematic review and meta-analysis[10], which reported that CF
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Partial Complete Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.2.1 Anterior
Dikbas et al., 2007 4744 1395 10 5442 269.5 10 22% -0.31[-1.19, 0.57] -
Dikbas et al., 2007 460.3 136 10 5442 269.5 10 22% -0.38 [-1.26, 0.51] -
Dikbas et al., 2007 489.2 1794 10 544.2 269.5 10 22% -0.23 [-1.11, 0.65] -
Elavarasu et al., 2019 1,019 52.56 7 1,181.66 68.3 7 1.7% -2.50 [-4.01, -0.99] -
Elavarasu et al., 2019 971.59 66.52 7 1,181.66 68.3 7 1.6% -2.92 [-4.57, -1.27]
Haralur et al., 2018 656.79 37.89 10 82156 46.54 10 1.7% -3.72 [-5.28, -2.16] -
Haralur et al., 2018 742.64 51.69 10 82156 46.54 10 2.1% -1.54 [-2.56, -0.51] -
Haralur et al., 2018 773.63 49.29 10 821.56 46.54 10  21% -0.96 [-1.89, -0.02] I
Izadi et al., 2010 634.75 133.35 10 533.79 232.28 10 22% 0.51[-0.38, 1.40] T
Izadi et al., 2010 678.78 160.24 10 533.79 232.28 10 22% 0.70 [-0.21, 1.60] '
|zadi et al., 2010 828.9 118.27 10 533.79 232.28 10 2.1% 1.53 [0.51, 2.56] -
Jasim et al., 2016 386.6 128.55 10 803.7 170.63 10 1.9% -2.64 [-3.91, -1.38] .
Jasim et al., 2016 7477 149.2 10 803.7 170.63 10 22% -0.33 [-1.22, 0.55] -
Jasim et al., 2016 347.3 137.22 10 803.7 170.63 10 1.9% -2.82 [-4.14, -1.51] I
Muangamphan et al., 2015 778.14 224.81 10 668.92 170.49 10 22% 0.52[-0.37, 1.42] T
Muangamphan et al., 2015 735.98 191.14 10 668.92 170.49 10 22% 0.35[-0.53, 1.24] T
Muangamphan et al., 2015  545.72 91.58 10 668.92 170.49 10 21% -0.86 [-1.79, 0.06] —
Muangamphan et al., 2015  454.74 57.89 10 668.92 170.49 10 21% -1.61 [-2.65, -0.57] I
Naumann et al., 2006 836.9 2275 10 469.8  69.9 10  2.0% 2.09[0.95, 3.23] -
Naumann et al., 2006 416.4 110 10 469.8  69.9 10 22% -0.55 [-1.45, 0.34] -
Naumann et al., 2006 600.5 160.8 10 469.8 69.9 10 21% 1.01[0.07, 1.95] —
Ng CC. et al., 2006 358 179 10 607 947 10 1.7% -3.50 [-4.99, -2.01] -
Ng CC. et al., 2006 782 32.3 10 607 94.7 10 1.9% 2.37 [1.17, 3.57] I
Ng CC. et al., 2006 375 133 10 607 947 10 1.8% -3.29 [-4.72, -1.85] I
Pantaleon et al., 2018 697 165 10 932 236 10 21% -1.11 [-2.06, -0.15] ]
Pantaleon et al., 2018 844 143 10 932 236 10 22% -0.43 [-1.32, 0.46] e
Pantaleon et al., 2018 853 115 10 932 236 10 22% -0.41[-1.30, 0.48] -
Pantaleon et al., 2019 514 117 10 707 162 10  21% -1.31[-2.29, -0.32] -
Pantaleon et al., 2019 494 137 10 707 162 10 21% -1.36 [-2.35, -0.37] I
Pantaleon et al., 2019 469 72 10 707 162 10  2.0% -1.82 [-2.90, -0.74] -
Pantaleon et al., 2019 557 177 10 707 162 10 2.1% -0.85[-1.77, 0.08] ]
Tan et al., 2005 427 88 10 587 110 10 21% -1.54 [-2.56, -0.51] I
Zhang et al., 2015 380.17 87.35 10 532.82 126.42 10  21% -1.35 [-2.34, -0.35] -
Zhang et al., 2015 167.32  46.2 10 532.82 126.42 10 1.7% -3.68 [-5.22, -2.13] -
Zhang et al., 2015 203.56 67.93 10 532.82 126.42 10 1.8% -3.11 [-4.49, -1.72] I
Zhang et al., 2015 280.24 59.26 10 532.82 126.42 10 1.9% -2.45 [-3.67, -1.23] -
Subtotal (95% CI) 354 354 72.8% -0.99 [-1.44, -0.54] ¢
Heterogeneity: Tau? = 1.60; Chi? = 235.58, df = 35 (P < 0.00001); I> = 85%
Test for overall effect: Z = 4.29 (P < 0.0001)
1.2.2 Posterior
Dua et al., 2016 855 88.53 10 923.2 177.07 10 22% -0.47 [-1.36, 0.42] s
Dua et al., 2016 720.4 105.36 10 923.2 177.07 10  21% -1.33 [-2.32, -0.34]
Dua et al., 2016 733.2 160.97 10 923.2 177.07 10 21% -1.08 [-2.03, -0.12] .
Haralur et al., 2018 586.65 33.26 10 730.75 27.91 10 1.5% -4.50 [-6.28, -2.71] -
Haralur et al., 2018 662.04 32.29 10 730.75 27.91 10  2.0% -2.18 [-3.34, -1.02] -
Haralur et al., 2018 679.34 27.09 10 730.75 27.91 10 2.0% -1.79 [-2.86, -0.72] -
Samran et al., 2015 826.6 193.9 12 856.9 235.9 12 22% -0.14 [-0.94, 0.67] -
Samran et al., 2015 7952 2455 12 856.9 235.9 12 22% -0.25[-1.05, 0.56] -
Samran et al., 2015 930.3 2594 12 856.9 235.9 12 22% 0.29 [-0.52, 1.09] T
Sulaiman et al., 2021 7235 181.3 10 591.3 149.7 10  21% 0.76 [-0.15, 1.68] —'—
Sulaiman et al., 2021 4729 1014 10 591.3 1497 10 21% -0.89 [-1.82, 0.04] I
Sulaiman et al., 2021 559.1 129.5 10 591.3 1497 10 22% -0.22 [-1.10, 0.66] -
Sulaiman et al., 2021 598.1 96.4 10 591.3 149.7 10 22% 0.05 [-0.82, 0.93] T
Subtotal (95% ClI) 136 136 27.2% -0.76 [-1.30, -0.21] ‘
Heterogeneity: Tau? = 0.75; Chi? = 51.61, df = 12 (P < 0.00001); I = 77%
Test for overall effect: Z =2.73 (P = 0.006)
Total (95% CI) 490 490 100.0% -0.93 [-1.29, -0.57] ¢
Heterogeneity: Tau? = 1.32; Chi2 = 288.29, df = 48 (P < 0.00001); I2 = 83% f f f |

-10 -5 0 5 10

Test for overall effect: Z=5.12 (P < 0.00001) Partial Complete

Test for subaroup differences: Chi? = 0.41, df = 1 (P = 0.52), 1= 0%
Fig. 2. Forest plot of the included studies for the comparison between 2 mm CF vs. partial ferrule
was very effective in increasing the fracture resistance of ETT. Ad-  CF could be explained by the following: the placement of the crown

ditionally, many clinical studies have reported better survival rates  margin on sound dentin around the tooth allowed for greater dis-
for ETT with CF compared to those with NF[38-40]. The superiority of ~ sipation of occlusal force, and the presence of sufficient circumfer-
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Partial Complete Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Buccal (2 mm)
Dikbas et al., 2007 489.2 1794 10 5442 2695 10 47% -0.23[-1.11, 0.65] -
Dua et al., 2016 855 88.53 10 923.2 177.07 10 47% -0.47 [-1.36, 0.42] e
Izadi et al., 2010 828.9 118.27 10 533.79 232.28 10 4.3% 1.53 [0.51, 2.56] -
Muangamphan et al., 2015  454.74 57.89 10 668.92 170.49 10 4.2% -1.61 [-2.65, -0.57] -
Naumann et al., 2006 489.2 1794 10 4698 69.9 10 47% 0.14 [-0.74, 1.01] T
Samran et al., 2015 826.6 193.9 12 8569 2359 12 4.9% -0.14 [-0.94, 0.67] -
Sulaiman et al., 2021 4729 1014 10 591.3 149.7 10 4.5% -0.89 [-1.82, 0.04] ]
Zhang et al., 2015 203.56 67.93 10 532.82 126.42 10 3.3% -3.11[-4.49, -1.72] I
Subtotal (95% CI) 82 82 35.3% -0.54 [-1.31, 0.24] L 3
Heterogeneity: Tau? = 0.99; Chi? = 36.62, df = 7 (P < 0.00001); I = 81%
Test for overall effect: Z=1.36 (P = 0.17)
1.2.2 Lingual (2 mm)
Dikbas et al., 2007 460.3 136 10 5442 2695 10 4.7% -0.38 [-1.26, 0.51] -
Dua et al., 2016 720.4 105.36 10 923.2 177.07 10 4.4% -1.33[-2.32, -0.34] -
Izadi et al., 2010 634.75 133.35 10 533.79 232.28 10 47% 0.51[-0.38, 1.40] T
Muangamphan et al., 2015  735.98 191.14 10 668.92 170.49 10 4.7% 0.35[-0.53, 1.24] T
Naumann et al., 2006 4744 1395 10 4698 69.9 10 47% 0.04 [-0.84, 0.92] -
Samran et al., 2015 930.3 2594 12 8569 2359 12 4.9% 0.29 [-0.52, 1.09] T
Sulaiman et al., 2021 7235 181.3 10 591.3 1497 10 4.6% 0.76 [-0.15, 1.68] I
Zhang et al., 2015 380.17 87.35 10 532.82 126.42 10 4.4% -1.35[-2.34, -0.35] I
Subtotal (95% CI) 82 82 36.9% -0.11 [-0.65, 0.42] <
Heterogeneity: Tau? = 0.38; Chi? = 19.54, df = 7 (P = 0.007); I = 64%
Test for overall effect: Z=0.41 (P = 0.68)
1.2.3 Buccal & lingual (2 mm)
Dikbas et al., 2007 313.9 150.8 10 5442 2695 10 4.5% -1.01 [-1.95, -0.07] ]
Dua et al., 2016 733.2 160.97 10 923.2 177.07 10 4.5% -1.08 [-2.03, -0.12] ]
Izadi et al., 2010 678.78 160.24 10 533.79 232.28 10 4.6% 0.70 [-0.21, 1.60] T
Muangamphan et al., 2015 545.72 91.58 10 668.92 170.49 10 4.6% -0.86 [-1.79, 0.06] ]
Naumann et al., 2006 460.3 136 10 4698 69.9 10 47% -0.08 [-0.96, 0.79] -
Samran et al., 2015 7952 2455 12 856.9 2359 12 4.9% -0.25[-1.05, 0.56] D
Subtotal (95% CI) 62 62 27.8% -0.42 [-0.95, 0.12] ¢
Heterogeneity: Tau? = 0.24; Chi? = 10.72, df = 5 (P = 0.06); I* = 53%
Test for overall effect: Z=1.52 (P = 0.13)
Total (95% CI) 226 226 100.0% -0.34 [-0.69, 0.02]

Heterogeneity: Tau? = 0.50; Chi? = 69.43, df = 21 (P < 0.00001); I> = 70%
Test for overall effect: Z = 1.86 (P = 0.06)
Test for subaroup differences: Chi? = 1.00. df =2 (P = 0.61). I> = 0%

ol @

Partial Complete

Fig. 3. Forest plot of the included studies for the comparison between 2 mm CF vs. 2 mm buccal, lingual, and buccal & lingual partial ferrule

ential coronal dentin could improve the stability of the post and core
and increase its resistance to rotation[15]. Tooth without ferrule can
increase the stress at the root cement/post interfaces. Therefore, the
lower resistance to fracture of teeth without ferrule is a consequence
of both increased stress and tension in the root dentin and detach-
ment of the post[41].

Interestingly, however, subgroup analyses demonstrated that
some PF designs, such as buccal 2 mm, lingual 2 mm, buccal, and
lingual 2 mm, were comparable to CF in increasing the fracture resis-
tance of ETT, supporting the notion that some PFs can successfully
increase the fracture resistance and longevity of restored ETT. These
findings could be clinically significant for clinical decision making;
that is, the circumferential ferrule can be considered as the first ideal
solution for restoration of ETT; however, if this option is not possible
for any reason, then the PF could be an appropriate alternative op-
tion. The in vivo direction of occlusal forces on teeth supports the
aforementioned assumption, although it is based on the findings of
in vitro studies. In posterior teeth, the direction of occlusal force is
occlusogingival and bucolingual, which means that the absence of
proximal ferrules does not have a negative effect on the longevity

of the tooth. The palatal ferrule in maxillary anterior teeth can resist
fractures because they are loaded from the palatal side, and when
the palatal wall of the upper incisor is missing, the non-axial load
from the palatal side in the maxillary anterior crown challenges the
post/core/root junction. Mandibular anterior teeth are loaded from
the buccal side; therefore, the buccal ferrule could be more resistant
to fractures[25]. Furthermore, Tan (2005)[15] stated that maxillary
central incisors with 2 mm buccal and lingual PF would possess
sufficient fracture resistance to maximal clenching based on the
recorded in vitro fracture resistance of 427 N[15].

The results of the present study support the positive effect of PF
in improving the fracture resistance of ETT compared with NF. This
finding is consistent with those of many studies[11,13,14,27,42]. The
level of evidence obtained from any meta-analysis is primarily de-
pendent on the quality of individual studies. Therefore, the quality of
all the included studies was scrutinized by two independent review-
ers using a validated assessment tool. Unfortunately, approximately
half of the included studies showed poor quality, as reflected by the
high risk of bias related to lack of blinding and absence of sample
size calculation. This may have negatively affected the strength of
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Partial None Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Al-Wahadni et al., 2002 238.6 43.43 10 209.2 46.2 10 2.6% 0.63 [-0.28, 1.53] T
Al-Wahadni et al., 2002 271 79.99 10 209.2 46.2 10 2.6% 0.91 [-0.02, 1.84] —
Al-Wahadni et al., 2002 238 57.51 10 209.2 46.2 10 2.6% 0.53 [-0.37, 1.42] T
Dikbas et al., 2007 489.2 1794 10 3139 150.8 10 2.6% 1.01[0.07, 1.96] —
Dikbas et al., 2007 460.3 136 10 3139 150.8 10 2.6% 0.98 [0.04, 1.92] —
Dikbas et al., 2007 4744 1395 10 3139 150.8 10 2.6% 1.06 [0.11, 2.01] —
Dua et al., 2016 733.2 160.97 10 276.55 53.59 10 22% 3.65[2.11, 5.18] -
Dua et al., 2016 720.4 105.36 10 276.55 53.59 10 1.9% 5.09 [3.12, 7.05]
Dua et al., 2016 855 88.53 10 276.55 53.59 10 1.5% 7.57 [4.81, 10.33] B
Elavarasu et al., 2019 1,019 52.56 7 888 60.57 7 23% 2.16 [0.75, 3.57] I
Elavarasu et al., 2019 971.59 66.52 7 888 60.57 7 24% 1.23[0.05, 2.41] —
Haralur et al., 2018 679.34 27.09 10 500.9 25.05 10 1.6% 6.55[4.12, 8.98]
Haralur et al., 2018 586.65 33.26 10 5009 25.05 10 2.4% 2.79[1.49, 4.09] I
Haralur et al., 2018 662.04 32.29 10 500.9 25.05 10 1.9% 5.34 [3.30, 7.38] I
Haralur et al., 2018 742.64 51.69 10 566.63 47.59 10 22% 3.39[1.93, 4.86] -
Haralur et al., 2018 773.63 49.29 10 566.63 47.59 10 21% 4.09[2.43, 5.76]
Haralur et al., 2018 656.79 37.89 10 566.63 47.59 10 25% 2.011[0.89, 3.13] I
Jasim et al., 2016 7477 149.2 10 186.7 125.54 10 22% 3.90 [2.29, 5.50] -
Jasim et al., 2016 347.3 137.22 10 186.7 125.54 10 2.6% 1.17 [0.20, 2.13] -
Jasim et al., 2016 386.6 128.55 10 186.7 125.54 10 25% 1.51[0.49, 2.53] I
Muangamphan et al., 2015  454.74 57.89 10 425.42 141.07 10 2.6% 0.26 [-0.62, 1.14] T
Muangamphan et al., 2015  778.14 224.81 10 425.42 141.07 10 25% 1.80[0.72, 2.88] -
Muangamphan et al., 2015 545.72 91.58 10 425.42 141.07 10 2.6% 0.97 [0.03, 1.91] —
Muangamphan et al., 2015 735.98 191.14 10 425.42 141.07 10 25% 1.77 [0.70, 2.84] -
Ng CC. et al., 2006 782 323 10 172 8.1 10 0.3% 24.81[16.19, 33.44] 4
Ng CC. et al., 2006 358 17.9 10 172 8.1 10 0.8% 12.82[8.30, 17.34] —
Ng CC. et al., 2006 375 133 10 172 8.1 10 05%  17.66[11.49, 23.83] 4
Pantaleon et al., 2018 853 115 10 494 110 10 23% 3.06 [1.68, 4.43] E—
Pantaleon et al., 2018 697 165 10 494 110 10 25% 1.39[0.39, 2.39] I
Pantaleon et al., 2018 844 143 10 494 110 10 24% 2.63[1.37, 3.89] .
Pantaleon et al., 2019 469 72 10 355 34 10 25% 1.94 [0.84, 3.04] I
Pantaleon et al., 2019 514 117 10 355 34 10 25% 1.77 [0.70, 2.84] -
Pantaleon et al., 2019 557 177 10 355 34 10 25% 1.52[0.50, 2.54] I
Pantaleon et al., 2019 494 137 10 355 34 10 2.5% 1.33[0.34, 2.32] -
Samran et al., 2015 7952 2455 12 7911 2343 12 2.6% 0.02[-0.78, 0.82] I
Samran et al., 2015 930.3 2594 12 7911 2343 12 26% 0.54 [-0.27, 1.36] T
Samran et al., 2015 826.6 193.9 12 7911 2343 12 2.6% 0.16 [-0.64, 0.96] T
Sherfudhin et al., 2015 952.8 246 10 996.7 279 10 2.6% -0.16 [-1.04, 0.72] -
Sherfudhin et al., 2015 909.2 226 10 996.7 279 10 26% -0.33[-1.21, 0.55] -
Tan et al., 2005 427 88 10 583.67 86.09 10 25% -1.72 [-2.78, -0.66] -
Zhang et al., 2015 380.17 87.35 10 130.01 30.31 10 22% 3.66[2.12,5.21] -
Zhang et al., 2015 203.56 67.93 10 130.01 30.31 10 25% 1.34[0.35, 2.33] -
Zhang et al., 2015 167.32  46.2 10 130.01 30.31 10 2.6% 0.91[-0.02, 1.85] —
Zhang et al., 2015 280.24 59.26 10 130.01 30.31 10 23% 3.06 [1.68, 4.43] E——
Total (95% CI) 440 440 100.0% 2.02 [1.54, 2.49] 2 2
Heterogeneity: Tau? = 2.04; Chi? = 312.17, df = 43 (P < 0.00001); I2 = 86% F 10 5 5 5 ] ol
Test for overall effect: Z = 8.34 (P < 0.00001) None Partial

Fig. 4. Forest plot of the included studies for the comparison between no ferrule vs. partial ferrule

this meta-analysis. Moreover, significant publication bias is another
factor that should be considered when interpreting and extrapolat-
ing results.

To the best of our knowledge, the current meta-analysis is the
first to evaluate the effectiveness of PF in ETT fracture resistance.
This meta-analysis has many strengths that should be highlighted.
This study included a large number of studies (17 studies). In addi-
tion,, the effect of the ferrule was tested on both the anterior and
premolar teeth. Finally, most of the included studies used both
positive and negative control groups, further validating the results.
However,, many limitations should be considered when interpreting
the results. The main limitation is related to the huge heterogeneity
among the studies with respect to the type of teeth being evaluated

(anterior teeth, premolar teeth), type of post, as well as using differ-
ent techniques to ascertain the fracture resistance test. Furthermore,
in vitro studies do not simulate intraoral conditions in which teeth
are subjected to cyclic loading through mastication. Moreover, the
oral cavity has a different testing environment. For example, the
presence of temperature changes, water, pH levels, and changes in
the oral cavity may considerably affect outcomes. The assumption
that all examined groups are comparable in all other aspects to
clinical situations may not be valid but may directly influence future
research.
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Partial None Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Anterior
Dikbas et al., 2007 4744 1395 10 3139 150.8 10 28% 1.06 [0.11, 2.01] —
Dikbas et al., 2007 489.2 1794 10 3139 150.8 10 2.8% 1.01[0.07, 1.96] —
Dikbas et al., 2007 460.3 136 10 3139 150.8 10 2.8% 0.98[0.04, 1.92] —
Elavarasu et al., 2019 1,019 52.56 7 888 60.57 7 25% 2.16 [0.75, 3.57] -
Elavarasu et al., 2019 971.59 66.52 7 888 60.57 7 2.6% 1.23[0.05, 2.41] —
Haralur et al., 2018 773.63 49.29 10 566.63 47.59 10 23% 4.09 [2.43, 5.76]
Haralur et al., 2018 656.79 37.89 10 566.63 47.59 10 27% 2.01[0.89, 3.13] I
Haralur et al., 2018 742.64 51.69 10 566.63 47.59 10 24% 3.39[1.93, 4.86] I
Jasim et al., 2016 347.3 137.22 10 186.7 125.54 10 2.8% 1.17 [0.20, 2.13]
Jasim et al., 2016 386.6 128.55 10 186.7 125.54 10 27% 1.51[0.49, 2.53] I
Jasim et al., 2016 7477 149.2 10 186.7 125.54 10 24% 3.90 [2.29, 5.50] -
Muangamphan et al., 2015  735.98 191.14 10 42542 141.07 10 27% 1.77 [0.70, 2.84] .
Muangamphan et al., 2015  778.14 224.81 10 425.42 141.07 10 27% 1.80[0.72, 2.88] -
Muangamphan et al., 2015 454.74 57.89 10 42542 141.07 10 2.8% 0.26 [-0.62, 1.14] T
Muangamphan et al., 2015  545.72 91.58 10 42542 141.07 10 28% 0.97 [0.03, 1.91] —
Ng CC. et al., 2006 358 17.9 10 172 8.1 10 0.9% 12.82[8.30, 17.34] —
Ng CC. et al., 2006 782 323 10 172 8.1 10 0.3%  24.81[16.19, 33.44] 4
Ng CC. et al., 2006 375 13.3 10 172 8.1 10 0.6%  17.66[11.49, 23.83] 4
Pantaleon et al., 2018 853 115 10 494 110 10 25% 3.06 [1.68, 4.43] I
Pantaleon et al., 2018 697 165 10 494 110 10 27% 1.39[0.39, 2.39] -
Pantaleon et al., 2018 844 143 10 494 110 10 2.6% 2.63[1.37, 3.89] I
Pantaleon et al., 2019 514 117 10 355 34 10 27% 1.77 [0.70, 2.84] -
Pantaleon et al., 2019 494 137 10 355 34 10 27% 1.33[0.34, 2.32] I
Pantaleon et al., 2019 557 177 10 355 34 10 27% 1.52[0.50, 2.54] —
Pantaleon et al., 2019 469 72 10 355 34 10 27% 1.94 [0.84, 3.04] I
Tan et al., 2005 427 88 10 583.67 86.09 10 27% -1.72[-2.78, -0.66] I
Zhang et al., 2015 380.17 87.35 10 130.01 30.31 10 24% 3.66[2.12,5.21] -
Zhang et al., 2015 167.32  46.2 10 130.01 30.31 10 28% 0.91[-0.02, 1.85] —
Zhang et al., 2015 280.24 59.26 10 130.01 30.31 10 25% 3.06 [1.68, 4.43] E—
Zhang et al., 2015 203.56 67.93 10 130.01 30.31 10 27% 1.34[0.35, 2.33] .
Subtotal (95% CI) 294 294 73.3% 2.03 [1.49, 2.57] 2 2
Heterogeneity: Tau? = 1.76; Chi? = 176.06, df = 29 (P < 0.00001); I> = 84%
Test for overall effect: Z = 7.34 (P < 0.00001)
1.2.2 Posterior
Dua et al., 2016 733.2 160.97 10 276.55 53.59 10 2.4% 3.65[2.11,5.18] -
Dua et al., 2016 855 88.53 10 276.55 53.59 10 1.6% 7.57 [4.81, 10.33] —_—
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Fig. 5. Forest plot of the included studies for the subgroup analysis of no ferrule vs. partial ferrule

5. Conclusions the fracture resistance and longevity of ETT.

The results revealed that in ETT, CF was more effective in reduc- Protocol registration
ing the fracture than PF; however, the subgroup analysis found that
some PFs were comparable to CF. Additionally, the results revealed The protocol for this meta-analysis was registered by the OSF
that PF significantly increased the fracture resistance as compared ~ (DOI 10.17605/0SF.I0/63UHK) and is publicly accessible.
to non-ferrule groups. However, given the high risk of bias in some
of the included studies, further high-quality studies are required.
Additionally, clinical studies are required to assess the effect of PF on
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