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Abstract 

Objective The aim of the present systematic review and network meta‑analysis (NMA) is to analyze the accuracy of 
image‑guided‑based orthodontic mini‑implants placement techniques in the inter‑radicular space.

Methods The study was conducted under the PRISMA recommendations. Three databases were searched up to July 
2022. In vitro randomized experimental trials (RETs) including static computer‑aided implant surgery (s‑CAIS), mixed 
reality (MR), soft tissue static computer‑aided implant surgery (ST s‑CAIS) and conventional free‑hand technique (FHT) 
for the orthodontic mini‑implants placement in the inter‑radicular space were selected. The risk of bias was assessed 
using the Current Research Information System scale. A random effects model was used in the NMA. Direct compari‑
sons were combined with a random effects model in a frequentist NMA to estimate indirect comparisons, and the 
estimated effect size of the comparisons between techniques were analyzed by difference of means. Inconsistency 
was assessed with the Q test, with a significance level of p < 0.05, and a net heat plot.

Results A total of 92 articles was identified, and 8 RETs (8 direct comparisons of 4 techniques) were included in the 
NMA, which examined 4 orthodontic mini‑implants placement techniques: s‑CAIS, MR, ST s‑CAIS, and FHT. Tak‑
ing FHT as reference, s‑CAIS and ST s‑CAIS showed statistically significant coronal and apical deviation. In addition, 
s‑CAIS showed statistically significant angular deviation. However, MR did not show statistically significant differences 
with respect to FHT, which presented the highest p‑score. At the coronal deviation, ST s‑CAIS presented the highest 
P‑score (0.862), followed by s‑CAIS (0.721). At the apical deviation, s‑CAIS presented the highest P‑score (0.844), fol‑
lowed by ST s‑CAIS (0.791). Finally, at the angular deviation s‑CAIS presented again the highest P‑score (0.851).

Conclusions Within the limitations of this study, it was found that the image‑guided‑based orthodontic mini‑
implants placement techniques showed more accuracy than the free‑hand conventional placement technique; spe‑
cially the computer‑aided static navigation techniques for the orthodontic mini‑implants placed in the inter‑radicular 
space.
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Background
The use of mini-implants in orthodontic for dental 
anchorage was firstly introduced by Kanomi, in 1997 
[1]; nowadays, they have been widely used in orthodon-
tics due to the clinical versatility and advantages com-
paring to traditional orthodontic appliances, including 
a greater comfort for patients, smaller size, immediate 
loading, less anatomical limitations and low cost [2]. 
Therefore, orthodontic mini-implants have been widely 
recommended for many clinical applications, mostly to 
improve dental anchorage by increasing dental anchor-
age and decreasing reactive forces [3]. Moreover, its 
effectiveness has been also observed in expansion pro-
cedures that combine palatine mini-implants with indi-
rect anchorage [4]. However, the use of orthodontic 
mini-implants in the inter-radicular space can lead to 
clinical complications, being root damage and maxil-
lary sinus perforation the most common risks during 
mini-implants insertion [5].

Therefore, the choice of the insertion site is essen-
tial to minimize the complications and risks of 
mini-implant insertion. In addition, the orthodontic 
mini-screw placement site has been analysed by sev-
eral methods to plan pre-operatively the insertion site 
of orthodontic micro-screws preventing root con-
tact. The conventional wire-guide, in conjunction with 
periapical radiographs was a fairly used method [4]. 
However, radiographic procedures to design surgi-
cal guides based on cone-beam computed tomography 
(CBCT) scan [6], has overcome many of the limita-
tions of 2-dimensional (2D) images. The recently devel-
oped CBCT has overcome many of the limitations of 
conventional dental radiographic by providing better 
visualization of structures, minimizing blurring, and 
overlapping of adjacent teeth. They also have reduced 
cost and significant reduction of radiation [7].

As well as some planning software’s, specifically aug-
mented reality technology and computer-aided static 
navigation technique, have been compared with con-
ventional freehand technique; having as results that 
concluding that these new techniques influence the 
accuracy of orthodontic micro-screws placement in the 
inter-radicular space and results in fewer intra-opera-
tive complications. However, these protocols could be 
useful, but they are still under study and 100% preci-
sion has not been achieved.

The aim of the present study is to conduct a system-
atic review and network meta-analysis (NMA) to ana-
lyze the accuracy of image-guided-based orthodontic 
mini-implants placement techniques for the orthodon-
tic mini-implants placed in the inter-radicular space.

Methods
Study design and registration
This systematic review and network meta-analysis were 
conducted in accordance with the Preferred Report-
ing Items for Systemic Reviews and Meta-Analyses 
(PRISMA, http:// www. prisma- state ment. org, accessed 
on 30 July 2020) guidelines. The review also met the 
PRISMA 2009 Checklist criteria [8]. The registration 
number is INPLASY202260025 (https:// doi. org/ 10. 
37766/ inpla sy2022. 6. 0025).

Literature search process
The PICO (population, intervention, comparison, and 
outcome) question was, ‘What is the efficacy of image-
guided-based orthodontic mini-implant placement tech-
niques?’ with the following components: population: 
orthodontic mini-implants placed in the inter-radicular 
space by image-guided-based techniques; interven-
tion: orthodontic mini-implants performed through 
image-guided-based placement techniques; compari-
son: orthodontic mini-implants performed through 
static navigation systems, mixed reality techniques and 
free-hand conventional technique; and outcome: lin-
eal and angular accuracy of orthodontic mini-implants 
performed through image-guided-based placement 
techniques. Researchers conducted a search covering 
all international published literature up to May 2022 
using the PubMed, Scopus, and Web of Science data-
bases. The search used the following medical subject 
heading (MeSH) terms: “orthodontic”, “mini-implant”, 
“miniscrew”, “surgical guide”, “placement”, “deviation”, 
“accuracy”. The Boolean operators applied were OR and 
AND. The terms of the search were structured as follows: 
((mini-implant [Title/Abstract]) OR (miniscrew[Title/
Abstract])) AND (orthodontic[Title/Abstract]) AND 
((surgical guide[Title/Abstract]) OR (placement[Title/
Abstract])) AND ((deviation[Title/Abstract]) OR 
(accuracy[Title/Abstract])). Two researchers (F.M. and 
A.Z.M.) both carried out the same database search inde-
pendently of each other. The inclusion and exclusion cri-
teria were applied to titles and abstracts. One researcher 
(A.A.M.) collected data on the relevant variables. F.M. 
conducted the systematic review, and two researchers 
(A.Z.M. and J.M.M.C.) performed the subsequent meta-
analysis; these researchers were not involved in the selec-
tion process.

Inclusion and exclusion criteria
The following were the inclusion criteria for the selected 
studies: in  vitro randomized experimental trial (RET). 
Language and year of publication were not considered as 
inclusion criteria. Exclusion criteria: randomized clinical 

http://www.prisma-statement.org
https://doi.org/10.37766/inplasy2022.6.0025
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trials (RCT), case series (CS), clinical trials (CT), system-
atic literature reviews, editorials, and clinical cases.

Data extraction
Independent reviewers (A.Z.M. and A.A.M.) collected 
the following data from each study: title, author and year 
of publication, journal in which the article was published, 
sample size (n), study type, type of image-guided-based 
placement technique: static computer-aided implant 
surgery (s-CAIS), mixed reality (MR), soft tissue static 
computer-aided implant surgery (ST s-CAIS) and con-
ventional free-hand technique and mean and standard 
deviation for coronal, apical and angular deviation of 
orthodontic mini-implants. If the independent reviewers 
disagreed, they consulted a third reviewer (J.M.M.C.).

Risk of bias
The Current Research Information System (CRIS) scale 
for methodological quality assessment was used to 
evaluate the risk of bias of the in  vitro studies selected 
for review. The CRIS scale is made up of four items 
that assess sample preparation and handling, allocation 
sequence and randomization process, whether evaluators 
were blinded, and statistical analysis. Good quality stud-
ies were those with information about all variables; fair 
quality studies had information about two to three vari-
ables; and studies were of poor quality if none or only one 
of the aspects was covered [9].

Data synthesis and statistical analysis
Meta-analyses were performed using the random effects 
model to estimate the mean coronal, apical, and angu-
lar deviations from the ideal position for the four tech-
niques. Heterogeneity was assessed by the Q test, with a 
significance level of p < 0.1, and with the  I2.

The net meta-analysis was conducted using a random 
effects model to estimate the accuracy of image-guided-
based placement techniques compared to the free-hand 
conventional technique. Direct comparisons were com-
bined with a random effects model in a frequentist NMA 
to estimate indirect comparisons. The NMA was repre-
sented using a network graph (four techniques and four 
designs). Difference of means was used to analyze the 
estimated effect size of the comparisons between tech-
niques. Forest plots were used to represent comparisons 
between the techniques (MR, s-CAIS and ST s-CAIS) 
compared to the free-hand conventional technique 
(FHT).

Heterogeneity (within designs) and inconsistency 
(between designs) was assessed by the Q test, with a sig-
nificance level of p < 0.05, and a net heat plot was created 
to detect possible sources of inconsistency of the direct 
estimates to the NMA [10].

The four techniques were ranked from a scale of 0 to 
1 using a P-score to measure the degree of certainty and 
determining whether one orthodontic mini-implant 
placement technique was superior to another [11].

R software and the Metamean and Netmeta statistical 
package were used to perform the meta-analysis and net-
work meta-analysis.

Results
Results of the search process
The systematic electronic search identified 18 articles 
in PubMed, 39 in Web of Science (WOS), 35 in Scopus. 
Of the 92 articles, 56 were discarded as duplicates using 
RefWorks (https:// refwo rks. proqu est. com/ refer ence/ 
upload/ recent/, accessed on 10 July 2022). After read-
ing the titles and abstracts, an additional 42 articles were 
eliminated because they did not fulfil the inclusion crite-
ria. Finally, 8 articles were included in the qualitative and 
quantitative synthesis because they included all of the 
required data and variables (Fig. 1).

Qualitative analysis
4 articles included in the NMA were RETs which ana-
lyzed the accuracy tooth-supported static computer-
aided implant surgery technique (s-CAIS) [12–15], 
3 also assessed the accuracy of soft tissue-supported 
static computer-aided implant surgery technique (ST 
s-CAIS) [16–18] and one study also compared the 
accuracy of a mixed reality appliance technique [19]. 
Among them, 6 studies analyzed the deviation values 
using tridimensional cone-beam computed tomography 
(CBCT) scan [12, 14–16, 18, 19], one study assessed the 
deviation values using bidimensional periapical radiog-
raphies [13] and 1 study analyzed the deviation values 
using lateral cephalometry [17]. Most of the studies 
presented a sample size of approximately 8–20 patients, 
although the sample size ranged from 8 [15] to 180 
[13]. The authors of the selected articles compared the 
mean coronal, apical and angular deviation of ortho-
dontic mini-implants respect to a successful insertion 
planning. Specifically, Yu et  al. planned the success-
ful insertion in the middle of the interradicular space 
or between the mesial and distal root, and the verti-
cal point was the center of the root length. The verti-
cal angulations to the long axis of adjacent teeth were 
determined at 30°, 45°, 60°, 75° [16]. Riad Deglow et al. 
planned the virtual orthodontic micro-screws inser-
tion to a depth of 6 mm, an insertion angle of 90° to the 
longitudinal axis of the teeth, and a depth of 6.0  mm 
with respect to the cortical plate. [20] Bae et  al. [13] 
used the successful insertion principles stablished by 
Lim et al. [20] Suzuki et al. used a software that auto-
matically generates a virtual bisecting line using the 

https://refworks.proquest.com/reference/upload/recent/
https://refworks.proquest.com/reference/upload/recent/
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cementoenamel junction as a reference, a tangent is 
drawn to the point of greatest convexity on the proxi-
mal root surface of adjacent teeth at the implant site. 
These lines are extended coronally to form an angle, 
which is then bisected. The virtual bisecting line thus 
formed is used as a reference for the optimum planned 
implant position. The equidistant position between 
the roots of the adjacent teeth is considered the safest 
site for mini-screw placement and thus serves as the 
“gold standard” [14]. Möhlhenrich et  al. established a 
distance between implants of 8 mm, an angle of inser-
tions about 70–80° to the occlusal plane and the height 
of the mini-implant heads was slightly above the resist-
ance center of the molars [17, 18]. Kniha et  al. used 
the successful insertion position stablished by Möhl-
henrich et  al. [17, 18] Subsequently, the orthodontic 
mini-implant placement techniques more near to the 

peroperative therapeutic planning were considered as 
more accurate. The results are presented in Table 1.

Assessment of risk of bias
The methodological quality results were assessed using 
the CRIS scale are shown in Table 2. Two articles [14, 17] 
obtained scores of 4, five article obtained the score of 3 
[12, 15, 16, 18, 19]; indicating high methodological qual-
ity and only one article obtained the score of 2 [13]. Most 
of selected studies showed a low risk of bias related to the 
randomization process and blinding procedure.

Quantitative analysis results
To determine the mean deviations of each technique 
from the ideal position at the coronal, apical, and angu-
lar axis, 12 meta-analyses were performed using the 
random effects combination model. All meta-analyses 

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta‑Analyses (PRISMA) flow diagram
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have shown heterogeneity. The techniques that have esti-
mated the least coronal deviation have been s-CAIS with 
0.88  mm and ST s-CAIS with 1.42  mm. Regarding the 
apical deviation, s-CAIS presents the lowest value with 
1.21  mm, likewise it presents the lowest angular devia-
tion with a mean estimate of 2.79 degrees (Table 3).

Coronal deviation
Eight RETs (eight pairs of comparisons) were included 
in a frequentist NMA examining four orthodontic mini-
implant placement techniques (s-CAIS, ST s-CAIS, 
MR and FHT) to analyze the accuracy of the orthodon-
tic mini-implants placement techniques at the coronal 
entry-point. The data were combined with a Random 
effects model.

The nodes represent treatments, and the lines connect-
ing the nodes are the four direct comparisons included in 
the NMA (Fig. 2).

Mean differences between MR, s-CAIS and ST 
s-CAIS orthodontic mini-implants placement tech-
niques and conventional free-hand technique were 
assessed at coronal entry-point. Taking as reference 

Table 2 Assessment of methodological quality according to the Current Research Information System (CRIS) scale

Author/Year Sample Preparation 
and Handling

Allocation Sequence and 
Randomization Process

Whether the Evaluators 
Were Blinded

Statistical 
Analysis

Score

Qiu et al., 2012 [5] Yes Yes Yes Yes 4

Yu et al., 2012 [16] Yes No Yes Yes 3

Riad Deglow et al., 2021 [20] No Yes Yes Yes 3

Bae et al., 2013 [13] Yes No Yes Yes 3

Suzuki et al., 2008 [14] Yes No No Yes 2

Möhlhenrich et al., 2020 [17] Yes No Yes Yes 3

Möhlhenrich et al., 2019 [18] Yes Yes Yes Yes 4

Kniha et al., 2020 [19] Yes Yes No Yes 3

Table 3 Metaanalysis of the deviations of each orthodontic mini‑implant placement technique from the ideal position

Mean 95%-CI Z value; p-valor K = studies; n = sample Q value; p-valor, I2

Coronal Deviation
(mm)

FHT 2,08 0,28–3,88 Z = 2,26; p = 0,024 K = 3 (5,14,20); n = 79 Q = 99,7; p < 0,001; 97,9%

MR 1,72 1,59–1,84 Z = 27,4; p < 0,001 K = 1 (20); n = 20 Q = 0; p = 1; 0%

s-CAIS 0,88 0,19–1,56 Z = 2,51; p = 0,012 K = 4 (5,18,19,20); n = 129 Q = 197; p < 0,001; 98,4%

ST s-CAIS 1,42 1,11–1,74 Z = 8,80; p < 0,001 K = 2 (18,19) Q = 1,61; p = 0,204; 38,1%

Apical Deviation
(mm)

FHT 1,30 0,56–2,05 Z = 3,42; p = 0,001 K = 3 (5,14,20); n = 79 Q = 16,5; p < 0,001; 87,9%

MR 1,86 1,70–2,01 Z = 23,7; p < 0,001 K = 1 (20); n = 20 Q = 0; p = 1; 0%

s-CAIS 1,21 0,18–2,24 Z = 2,31; p = 0,021 K = 4 (5,18,19,20); n = 129 Q = 879,8; p < 0,001; 99,6%

ST s-CAIS 1,31 1,04–1,57 Z = 9,60; p < 0,001 K = 1(19); n = 20 Q = 0; p = 1; 0%

Angular Deviation
(º)

FHT 12,1 1,73–22,5 Z = 2,28; p = 0,022 K = 3 (5,14,20); n = 79 Q = 309; p < 0,001; 99,4%

MR 5,55 4,97–6,13 Z = 18,7; p < 0,001 K = 1 (20); n = 20 Q = 0; p = 1; 0%

s-CAIS 2,79 1,76–3,82 Z = 5,32; p < 0,001 K = 5 (5,14,18,19,20); n = 149 Q = 53,2; p < 0,001; 92,5%

ST s-CAIS 5,04 2,93–7,14 Z = 4,69; p < 0,001 K = 2 (18, 19); n = 40 Q = 3,41; p = 0,065; 70,6%

Fig. 2 NETWORK plot of orthodontic mini‑implant placement 
techniques at the coronal entry‑point. Eight pairs of comparisons 
between four orthodontic mini‑implant techniques and four direct 
comparisons included



Page 7 of 14Mihit Mihit et al. BMC Oral Health          (2023) 23:383  

technique ST s-CAIS, the highest mean difference coro-
nal deviation was FHT (p-value = 0.029) followed by MR 
(p-value = 0.220) and s-CAIS (p-value = 0.582) (Fig. 3).

NMA showed heterogeneity (within designs) by a 
Q test = 71.0 (p-value < 0.001), however inconsistency 
(between designs) was not detected by a Q test = 3.14 
(p-value = 0.076). The net heat plot is a matrix visualiza-
tion proposed by Krahn et al. (2013) [21] that highlights 
the contribution of the direct estimates to the network 
and detect possible sources of inconsistency. The size of 
the gray squares indicates the contribution of the direct 
estimates (shown in the column) to the network esti-
mates (shown in the row). The colors are associated with 
the change in inconsistency when detaching one compar-
ison from the network. Blue colors indicate an increase of 
inconsistency and warm colors indicate a decrease. The 
absence of color indicates that neither treatment compar-
ison could be considered a source of inconsistency to the 
NMA (Fig. 4).

Apical deviation
Seven RETs (seven pairs of comparisons) were included 
in a frequentist NMA examining four orthodontic mini-
implant placement techniques (s-CAIS, ST s-CAIS, MR 
and FHT) to analyze the accuracy of the orthodontic 
mini-implants placement techniques at the apical end-
point. The data were combined with a random effects 
model. The nodes represent treatments, and the lines 
connecting the nodes are the four direct comparisons 
included in the NMA (Fig. 5).

Mean differences between MR, s-CAIS and ST s-CAIS 
orthodontic mini-implants placement techniques and 
conventional free-hand technique were assessed at api-
cal end-point. Taking as reference technique s-CAIS, 

the highest mean difference apical deviation was FHT 
(p-value < 0.001), followed by MR (p-value = 0.029) and 
ST s-CAIS (p-value = 0.908) (Fig. 6).

NMA showed heterogeneity (within designs) by a 
Q test = 90.2 (p-value < 0.001), however inconsistency 
(between designs) was not detected by a Q test = 0.22 
(p-value = 0.641). The net heat plot detected slight 
changes (yellow colour) in consistency (not significant) 
when detaching any comparison from the network 
(Fig. 7).

Angular deviation
Eight RETs (eight pairs of comparisons) were included 
in a frequentist NMA examining four orthodontic mini-
implant placement techniques (s-CAIS, ST s-CAIS, 
MR and FHT) to analyze the accuracy of the orthodon-
tic mini-implants placement techniques at the angular 
deviation. The data were combined with a random effects 
model. The nodes represent treatments, and the lines 
connecting the nodes are the four direct comparisons 
included in the NMA (Fig. 8).

Mean differences between MR, s-CAIS and ST s-CAIS 
orthodontic mini-implants placement techniques 
and conventional free-hand technique were assessed 
at angular deviation. Taking as reference technique 
s-CAIS, the highest mean difference angular devia-
tion was FHT (p-value = 0.027), followed by ST s-CAIS 
(p-value = 0.369) and MR (p-value = 0.498) (Fig. 9).

Heterogeneity (Q test = 321.7; p < 0.001) and inconsist-
ency (Q test = 58,8; p < 0.001) were found in the NMA at 
the angular deviation. However, the net heat plot (Fig. 10) 
detected very slight changes in inconsistency when 
detaching any comparison from the network.

Fig. 3 Forest plot of the mean differences (MD) between MR, s‑CAIS and ST s‑CAIS orthodontic mini‑implants placement techniques respect the 
conventional free‑hand technique at coronal entry‑point. Column 1 lists the orthodontic mini‑implants placement techniques included in the 
meta‑analysis. Column 2 is the forest plot itself, the graphic part of the representation. It plots the coronal deviation between the orthodontic 
mini‑implants placement techniques on both sides of the null effect line, represented by the conventional free‑hand technique. Column 3 
describes the mean deviation of each orthodontic mini‑implants placement techniques respect the conventional free‑hand technique, and column 
4 presents the confidence interval
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Ranking of the accuracy of the orthodontic mini-implant 
techniques
The ranking of the accuracy of the orthodontic mini-
implant placement techniques was performed according 
to the P-score, which measures the degree of certainty 
and indicates whether one orthodontic mini-implant 
placement technique is superior to the others. The 

P-score is measured on a scale of 0 to 1. The higher 
P-score indicates desirable treatment compared to the 
other (Fig. 11). At the coronal deviation ST s-CAIS pre-
sented the highest P-score (0.862), followed by s-CAIS 
(0.721). At the apical deviation, s-CAIS presented the 
highest P-score (0.844), followed by ST s-CAIS (0.791). 
Finally, at the angular deviation s-CAIS presented the 
highest P-score (0.851), followed by MR (0.523) and ST-
CAIS (0.489).

Discussion
The objective of this systematic review and NMA was 
to analyze the accuracy of dental miniscrew placement 
when using surgical guides created with computer-aided 
design and computer-aided manufacturing techniques 
for the orthodontic mini-implants placed in the inter-
radicular space.

Dynamic navigation (DN) has been used in several 
medical specialties among which are ophthalmology, 
otolaryngology, neurosurgery, or orthognathic surgery. 
Moreover, computer-aided navigation technique has 
already used in dental surgery to reduce deviations from 
the preoperative planned implant position. This tech-
nique has allowed to reduce clinical complications and 
making more favorable and predictable system [22]. How-
ever, Tao et al. showed statistically significant higher devi-
ations (p < 0.001) of the dynamic navigation technique 

Fig. 4 Net heat plot at the coronal entry‑point. Gray boxes signify the importance of the direct estimate of one treatment comparison in the 
column to the network estimation of another treatment comparison in the row. Larger boxes indicate more important comparisons

Fig. 5 NETWORK plot of orthodontic mini‑implant placement 
techniques at the apical end‑point. Seven pairs of comparisons 
between four orthodontic mini‑implant techniques and four direct 
comparisons included



Page 9 of 14Mihit Mihit et al. BMC Oral Health          (2023) 23:383  

comparing to robotic systems [23]. Jorba- García et  al. 
compared the dental implant placement accuracy 
between the computer-aided dynamic navigation and 
freehand techniques and reported that the dynamic navi-
gation technique showed more accuracy at the global 
apex deviation (1.33 mm vs 2.26 mm) and angular devia-
tion (1.6° vs 9.7°) [24]. In addition, Mediavilla Guzman 
et al. compared the accuracy of dental implant placement 
between computer-aided static implant surgery and com-
puter-aided static implant surgery; however, no statisti-
cally significant differences were reported at the global 
apex deviation (1.20 mm vs 1.18 mm) and global coronal 

deviation (0.78 mm vs 0,85 mm) [25]. Additionally, Pel-
legrino et al. did not reveal statistically significant differ-
ences (p < 0.01) between the accuracy of dental implant 
placement between totally edentulous and partially 
edentulous patients using computer-aided static implant 
surgery [26]. Wei et  al. also compared the accuracy of 
the dental implant placement using computer-aided 
dynamic navigation technique, showing less deviation 
angle in the maxilla (1.6° ± 1.27°) than mandible phan-
tom (1.81° ± 1.28°) (p = 0.02); especially with the robotic 
system (0.87° ± 0.44° [27]. In addition, some studies have 
applied the computer-aided navigation technology to 

Fig. 6 Forest plot of the mean differences (MD) between MR, s‑CAIS and ST s‑CAIS orthodontic mini‑implants placement techniques respect the 
conventional free‑hand technique at apical end‑point

Fig. 7 Net heat plot at the apical end‑point



Page 10 of 14Mihit Mihit et al. BMC Oral Health          (2023) 23:383 

the location of root canals systems, to reduce the access 
and improve the prognosis for endodontically treated 
tooth [28, 29]. Moreover, Buchgreitz et  al. highlighted 
the accuracy of endodontic access cavities and root canal 
system location in teeth with pulp canal obliteration 
using a guide rail based on CBCT scan and optical sur-
face scan [30]. Likewise, Zehnder et al. found few devia-
tions between planned and prepared endodontic access 
cavities and root canal system location (0.17 vs 0.47 mm) 
[31]. In conclusion, these findings have allow to improve 
the success rate and prognosis of root canal treatment.

The use of orthodontic mini-implants has been 
widely used to improve the anchorage in orthodontics; 
moreover, they have been also used for the treatment 
of extremely complex cases which used to be treated 
more invasively with surgery or extractions in the 
past [1]. In addition, orthodontic mini-implants have 
been also placed in the anterior palate for orthodontic 
anchorage. Iodice et al. reported that the use of surgical 

templates facilitates temporary anchorage devices 
insertion, allowing less-experienced clinicians to use 
palatal implants [32] .These results were aligned with 
those obtained by Migliorati et al. who highlighted the 
efficiency of the digital workflow [33]. In addition, Poz-
zan et  al. reported statistically significant differences 
between the deviations of the digital placement tech-
nique and the deviations of the free-hand technique 
(p < 0.001) [34]. The results of the present NMA showed 
that the success of orthodontic mini-implant placement 
can be improved by computer-aided static navigation 
techniques. Specifically, the ST s-CAIS and s-CAIS 
showed less deviation values at the coronal entry-point 
deviation than the MR study group. These findings are 
aligned with those obtained by Qiu et al. that reported 
less coronal entry-point deviations using s-CAIS 
(0.15 ± 0.09 mm) than the free-hand conventional tech-
nique (0.48 ± 0.46 mm) [14]; Suzuki et al. also reported 
less coronal entry-point deviations using computer-
aided static navigation techniques (1.0 ± 0.4  mm) 
comparing to the free-hand conventional technique 
[13]. Moreover, Riad Deglow et al. revealed less devia-
tion values at the coronal entry-point attributed to 
the s-CAIS (1.06 ± 0.59  mm) and MR techniques 
(1.74 ± 0.52 mm) than the free-hand conventional tech-
nique (2.2 ± 2.0 mm) [19].

Furthermore, the results of the present NMA evi-
denced that the s-CAIS showed more accurate results 
at the apical end-point followed by the ST s-CAIS and 
MR techniques. In addition, Qiu et  al. reported also 
less deviation values using computer-aided static navi-
gation techniques (0.28 ± 0.23 mm) than the free-hand 
conventional technique (0.81 ± 0.61  mm) [14]; as well 
as the findings reported by Bae et  al. (0.73  mm) [12]. 
In addition, the accuracy of the orthodontic mini-
implant placement using muco-supported and dental-
supported surgical templates have been also analysed. 
Kniha et  al. reported higher deviation values at the 

Fig. 8 NETWORK plot of orthodontic mini‑implant placement 
techniques at the angular deviation. Eight pairs of comparisons 
between four orthodontic mini‑implant techniques and four direct 
comparisons included

Fig. 9 Forest plot of the mean differences (MD) between MR, s‑CAIS and ST s‑CAIS orthodontic mini‑implants placement techniques respect the 
conventional free‑hand technique at angular deviation
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Fig. 10 Net heat plot at the angular deviation

Fig. 11 Ranking of the orthodontic mini‑implant placement techniques and P‑score
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apical end-point using the ST s-CAIS (1.91 ± 0.79 mm) 
respect the dental supported s-CAIS (1.77 ± 0.85  mm) 
[18].

Finally, the results of the present NMA evidenced 
that the s-CAIS showed the highest angular deviations 
followed by the MR and ST s-CAIS techniques. Addi-
tionally, Riad Deglow et  al. analysed the accuracy of 
orthodontic mini-implant placement techniques using 
MR, showing more accurate results (5.55° ± 2.46°) than 
the free-hand conventional technique (7.58° ± 3.6°) 
[19]. However, Yu et  al. did not reported statistically 
significant deviations between the planned and per-
formed orthodontic mini-implants at angular level using 
s-CAIS (1.01° ± 7.25°) [15]. Moreover, Möhlhenrich et al. 
reported higher angular deviations between ST s-CAIS 
(6.46° ± 5.5°) and s-CAIS (3.67° ± 2.25°) [16].

Briefly, we can appreciate that the s-CAIS or ST s-CAIS 
orthodontic mini-implant placement technique improve 
the accuracy of the orthodontic mini-implant insertion, 
compared to the MR technique or the free-hand con-
ventional technique. Riad Deglow et al. reported that the 
accuracy rate associate to the MR placement technique 
is sensitive to the operator’s experience [19]. This is the 
main limitation of MR technique compared with s-CAIS 
techniques. Additionally, Bae et  al. selected two opera-
tors with different levels of experience to analyse the sen-
sitivity of the technique to operator’s experience using 
FHT and s-CAIS to insert orthodontic mini-implants 
and reported that the differences between operators 
were higher in the FHT placement technique than in the 
s-CAIS placement technique [12]. Thus, s-CAIS place-
ment technique should be recommended to operators 
without experience; however, it is mandatory to develop 
further studies to analyse the accuracy of s-CAIS and MR 
placement techniques.

Furthermore, root contact and the invasion of the max-
illary sinus are considered the more common intraopera-
tive complications during the orthodontic mini-implants 
placement; specially between the first and second upper 
premolar teeth [5]. Moreover, Motoyoshi et  al. showed 
that the higher the diameter and length of the orthodon-
tic mini-implant, the higher root damage risk [35]. How-
ever, root contact use to be superficial and the defects do 
not usually require treatment since they usually repair 
spontaneously after removing the orthodontic mini-
implant [36].

These computer-aided innovative techniques are 
developed to minimize clinical complications. Kuroda 
et al. suggested that proximity to the root processes was 
the most relevant risk factor in the stability of ortho-
dontic mini-implants [6]. Moreover, Qiu et al. reported 
ten injuries of the root processes using the FHT ortho-
dontic mini-implant placement technique and no root 

damage using the s-CAIS orthodontic mini-implant 
placement technique [15]. However, Bae et  al. showed 
30% of root damage using the FHT orthodontic mini-
implant placement technique and 16% s-CAIS ortho-
dontic mini-implant placement technique [12]. These 
results suggest that the use of surgical templates can 
considerably reduce the risk of root perforation. In con-
trast, Kim et  al. concluded that root proximity alone 
could not be considered a risk factor for mini-implant 
failure [37].

The use of surgical templates based on CBCT scans 
and mixed reality devices have been shown to success-
fully improve the accuracy of orthodontic mini-implants 
placement and reduce the risk of root damage. However, 
these orthodontic mini-implants placement techniques 
are not free of risks related to the thickness of the lay-
ers, or the size of the voxels, since a reduced voxel size 
improves the quality of the image but produces a greater 
amount of radiation [38]. In addition, the CBCT scan can 
be affected by the Hounsfield units, used to quantify the 
density or brightness value of the image. Pauwels et  al. 
stated that CBCT manufacturers and software providers 
use Hounsfield values that are not always mutually valid 
[39]. Finally, the operator’s experience and technique of 
the X-ray operator, as well as the position of the patient, 
uncontrolled mandibular movements or the presence of 
metallic objects that cause artifacts [40].

A limitation of this systematic review and network 
meta-analysis is the possibility that not all articles related 
to the selection criteria were identified, although the risk 
was decreased because three databases were searched. In 
addition, most of the studies showed a high methodologi-
cal quality, according to the CRIS scale. Therefore, fur-
ther, better designed clinical studies with higher quality 
are necessary.

Conclusions
Within the limitations of this study, it was found that 
the image-guided-based orthodontic mini-implants 
placement techniques showed more accuracy than the 
free-hand conventional placement technique for the 
orthodontic mini-implants placed in the inter-radicular 
space; specially the computer-aided static navigation 
techniques.
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