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Failure of Orthodontic Mini-implants by Patient Age, Sex, 
and Arch; Number of Primary Insertions; and Frequency of 
Reinsertions After Failure: An Analysis of the  
Implant Failure Rate and Patient Failure Rate

This study aimed to analyze and compare the failure rate of orthodontic mini-
implants (OMIs) in terms of the number of implants (implant failure rate [IFR]) 
and patients (patient failure rate [PFR]) according to the age, sex, and arch of the 
patients, the number of primary insertions, and frequency of reinsertions after 
failure. A total of 394 OMIs (1.2 mm in diameter; 7.0 mm in length) were inserted 
in 125 patients (24 male and 101 female, mean age 21.95 ± 7.60 years). IFR and 
PFR were evaluated according to the age and sex of the patient, the number 
of primary insertions, and the frequency of reinsertions after failure. PFR was 
40.08% and IFR was 18.27% after the first insertions. PFR was higher than IFR 
regardless of the number of OMIs inserted. IFR increased with an increase in the 
frequency of reinsertions, reaching 66.67% after the fourth insertion, whereas PFR 
decreased to 25.00% after the second insertion and to 66.67% after the third and 
fourth insertions. The overall PFR and IFR were 40.80% and 19.29%, respectively. 
Although male patients, young patients, and location in the mandible showed 
higher PFR and IFR, there were no significant differences between PFR and IFR 
according to the sex, age, or arch. PFR was higher than IFR in this study, indicating 
that the treatment process could be more strongly affected by PFR than IFR. 
The failure rate can increase with the frequency of OMI reinsertions after failure. 
Sex, age, and arch may have no correlation with primary or recurrent OMI failure. 
Int J Periodontics Restorative Dent 2016;36:559–565. doi: 10.11607/prd.2675

Orthodontic mini-implants (OMIs),1,2 
onplants,3 and plates4 are useful ap-
pliances for patients requiring maxi-
mum anchorage5 or asymmetric 
force systems.6 OMIs with the buccal 
alveolar bone as skeletal anchorage 
are preferred because they are small 
and can be easily inserted and re-
moved.7 However, small implants are 
associated with a higher failure rate8 
because of the small contact area 
between the implant surface and 
bone. Surgical plates and palatal im-
plants for orthodontic anchorage re-
portedly have higher success rates.9,10 
The failure rate of OMIs, which are 
conventionally inserted into the buc-
cal alveolar bone, was reported to be 
approximately 10% to 30%.11 Occa-
sional discrepancies have been ob-
served between the reported failure 
rate and the actual failure rate of 
OMIs in the clinical setting, probably 
because the total number of patients 
may be lower than the total number 
of inserted OMIs when multiple 
OMIs are inserted in a single patient. 
Recurrent failure of OMIs in a patient 
can necessitate a change in the treat-
ment strategy.12

Other studies on the failure rate 
of OMIs have assessed the clinical 
failure rate on the basis of factors 
such as type and size of OMIs and 
patient age and sex.13–15

It is necessary to evaluate the 
failure rate of OMIs in terms of the 
number of implants as well as the 
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number of patients, because the 
treatment strategy can be affected 
by the failure of even a single OMI 
in a patient. OMIs can be reinserted 
after failure, although the failure rate 
of reinserted OMIs has not been 
evaluated to date. Furthermore, the 
influence of age and sex on primary 
and recurrent failure rates needs to 
be investigated.

This study was performed to 
evaluate the failure rate of OMIs 
in terms of the number of implants 
(implant failure rate [IFR]) and the 

number of patients (patient failure 
rate [PFR]) according to the age, sex, 
and arch of the patient, number of 
primary insertions, and frequency of 
reinsertions after failure.

Materials and methods

The OMIs used in this study (Mian-
gang, Biomaterialskorea) were man-
ufactured from grade 5 titanium 
and had a diameter of 1.2 mm and 
a length of 7.0 mm (Fig 1). A total 

of 394 OMIs were inserted into the 
buccal alveolar bone in the poste-
rior regions of 125 patients (24 male 
and 101 female; overall mean age 
21.95 ± 7.60 years; mean age for 
males 19.00 ± 5.87 years; mean age 
for females 22.64 ± 7.79 years) from 
July 2006 to May 2010 at National 
University Budang Hospital (Figs 2 
and 3).

Patients with medical or dental 
problems such as diabetes, osteo-
porosis, osteopenia, or uncontrolled 
periodontitis were excluded from 

Fig 1 (left) Design illustration (a) and photograph (b) of the mini-implant, which had a 
diameter of 1.2 mm and a length of 7.0 mm.

Fig 2 (below) Intraoral photos of cases using OMIs. (a) OMIs were used in the maxilla and 
mandible in a Class I extraction case. (b) OMIs in the maxilla in a Class II extraction case.  
(c) OMIs were used in the mandible in a Class III nonextraction case.

Fig 3 Lateral cephalometric radiographs of a case using OMIs for retraction of anterior teeth after the first premolars extraction.  
(a) Pretreatment. (b) During treatment. (c) Posttreatment.
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the study. Clinical failure of an OMI 
was determined when the implant 
was exfoliated or not firm in the alve-
olar bone with mobility or pain. Gin-
gival proliferation around the OMI 
or gingival coverage of the OMI was 
not considered OMI failure.

The patients were classified into 
six groups according to the number 
(1 to 6) of primary OMIs inserted. 
IFR was calculated by dividing the 
number of failed OMIs by the total 
number of OMIs in each group. PFR 
was calculated by dividing the num-
ber of patients with OMI failure by 
the total number of patients in each 
group. PFR and IFR after the first, 

second, third, and fourth insertions 
after failure were calculated and 
compared.

The values were also obtained 
for patients stratified by sex, age, 
and arch. The evaluated age range 
was 10 to 58 years. When OMIs 
were inserted in the same patient 
at different times, the age of the pa-
tient was considered according to 
the date at each insertion.

Results

PFR and IFR after the primary inser-
tion were 40.08% and 18.27%, re-

spectively (Table 1). When PFR and 
IFR were analyzed according to the 
number of primary insertions, the 
highest values (60.00% and 26.67%, 
respectively) were observed for the 
group that received three OMIs (Fig 
4). All groups except the group that 
received a single OMI showed higher 
PFR values compared with IFR values. 
IFR increased with an increase in the 
frequency of reinsertions after OMI 
failure, reaching 66.67% after the 
fourth insertion (Table 2, Fig 5). How-
ever, PFR decreased to 25.00% after 
the second insertion and increased 
again after the third and fourth inser-
tions, eventually reaching 66.67%.

Table 1 Patient failure rate (PFR) and implant failure rate (IFR) by number of primary insertions 
in a patient

Primary 
insertions (n)

Patient Implant

Inserted (n) Failed (n) PFR (%) Inserted (n) Failed (n) IFR (%) P*

1 11 1 9.09 11 1 9.09 1.000***

2 64 24 37.50 128 27 21.09 .015**

3 10 6 60.00 30 8 26.67 .123***

4 38 18 47.37 152 21 13.82 .000**

5 1 1 100.00 5 1 20.00 .333***

6 1 1 100.00 6 2 33.33 .429***

Total 125 51 40.80 332 60 18.07 0.000**
*Significant differences between IFR and PFR. 
**Significant difference by chi-square test. 
***Significant difference by Fisher exact test.

Table 2 Patient failure rate (PFR) and implant failure rate (IFR) after reinsertions following 
failure of primary orthodontic mini-implants

Reinsertions 
(n)

Patient Implant

Inserted (n) Failed (n) PFR (%) Inserted (n) Failed (n) IFR (%) P*

1 125 51 40.80 332 60 18.07 .000**

2 44 11 25.00 52 11 21.15 .655**

3 7 3 42.86 7 3 42.86 1.000***

4 3 2 66.67 3 2 66.67 1.000***
*Significant differences between IFR and PFR. 
**Significant difference by chi-square test. 
***Significant difference by Fisher exact test.
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The overall PFR and IFR for pri-
mary and subsequent insertions 
were 40.80% and 19.29%, respec-

tively (Table 3). Both PFR and IFR 
were higher in males (45.83% and 
24.32%, respectively) than in females 

(39.60% and 18.13%, respectively), 
although the differences were not 
significant (Fig 6). The mean number 

Fig 5 PFR and IFR by frequency of reinsertions. 

Table 3 Patient failure rate (PFR), implant failure rate (IFR), and mean number of inserted and 
failed implants by patient sex

Sex

Patient Implant

Average number of 
inserted implants

Average number 
of failed implants P*

Inserted 
(n)

Failed 
(n)

PFR  
(%)

Inserted 
(n)

Failed 
(n)

IFR  
(%)

Male 24 11 45.83 74 18 24.32 3.08 0.75 .045 

Female 101 40 39.60 320 58 18.13 3.17 0.57 .000 

Total 125 51 40.80 394 76 19.29 3.15 0.61 .000 

P** .577 .223
*Significant differences by chi-square test between PFR and IFR. 
**Significant differences by chi-square test between male and female patients.

Table 4 Patient failure rate (PFR), implant failure rate (IFR), and mean number of inserted and 
failed implants by patient age

Age

Patient Implant

Average number of 
inserted implants

Average number 
of failed implants P*

Inserted 
(n)

Failed 
(n)

PFR  
(%)

Inserted 
(n)

Failed 
(n)

IFR  
(%)

10–19 50 23 46.00 157 33 21.02 3.14 0.66 .001

20–29 56 19 33.93 176 29 16.48 3.14 0.52 .005

30–58 21 7 33.33 61 10 16.39 2.90 0.48 .099

P** .383 .518
*Significant differences by chi-square test between PFR and IFR. 
**Significant differences by chi-square test test among age groups.

Fig 4 PFR and IFR by number of primary insertions in a patient. 
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of OMIs inserted was 3.15 overall, 3.08 in males, and 3.17 
in females. The mean number of failed OMIs was 0.61 
overall, 0.75 in males, and 0.57 in females.

PFR and IFR did not show any significant differences 
among the different age groups (10–19 years, 46.00% and 
21.02%, respectively; 20–29 years, 33.93% and 16.48%, 
respectively; and 30–58 years, 33.33% and 16.39%, re-
spectively; Table 4, Fig 7). However, PFR was higher than 
IFR in all age groups and in both sexes.

In the comparison between maxilla and mandible, 
the PFR and IFR in the mandible (31.52% and 21.54%, 
respectively) were higher than in maxilla (26.04% and 
17.09%, respectively), although the differences were not 
significant (Table 5, Fig 8). The mean numbers of OMIs 
inserted were 2.07 in maxillae and 2.12 in mandibles. 
The mean numbers of failed OMIs were 0.35 in maxillae 
and 0.46 in mandibles.

Fig 7 PFR and IFR by patient age.

Fig 8 PFR and IFR by patient arch.

Table 5 Patient failure rate (PFR), implant failure rate (IFR), and mean number of inserted and 
failed implants by arch

Arch

Patient Implant

Average number of 
inserted implants

Average number 
of failed implants P*

Inserted 
(n)

Failed 
(n)

PFR  
(%)

Inserted 
(n)

Failed 
(n)

IFR  
(%)

Maxilla 96 25 26.04 199 34 17.09 2.07 0.35 .072

Mandible 92 29 31.52 195 42 21.54 2.12 0.46 .067

P** .406 .263
*Significant differences by chi-square test between PFR and IFR. 
**Significant differences by chi-square test test between maxilla and mandible .

Fig 6 PFR and IFR by patient sex.
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Discussion

This study evaluated the failure 
rate of OMIs (IFR) and PFR accord-
ing to the sex, age, and arch of the 
patients, the number of primary in-
sertions, and the frequency of rein-
sertions after failure.

The success rate of OMIs re-
ported in some studies was higher 
than 90%,10 or approximately 83.8% 
± 7.4%.16 However, the success 
rate observed in clinical practice is 
sometimes different from that found 
in these reported rates, probably 
because clinicians may calculate 
the failure rate as PFR, not IFR. PFR 
can be generally higher than IFR 
because multiple implants may be 
inserted in a single patient. In the 
present study, the PFR was 60.00% 
in the group that initially received 
three implants and 47.37% in the 
group that initially received four 
implants, while the corresponding 
IFRs were 26.67% and 13.82%, re-
spectively. This indicates that the 
probability of failure was once in 
every two patients in the groups 
that initially received three or four 
implants. Therefore, the actual clini-
cal failure rate may be higher than 
the reported failure rate. In patients 
who receive two to four OMIs, the 
failure of even one OMI can result in 
a delay in treatment or necessitate a 
change in the treatment strategy.12 A 
high PFR indicates a higher number 
of patients with failed implants, and 
this can affect the treatment strat-
egy more significantly than the fail-
ure rates reported in other studies. 
Therefore, when inserting multiple 
OMIs in a patient, clinicians should 
consider inserting additional OMIs 

at the same site of local anesthesia 
for use in the event of failure, keep-
ing in mind the high PFR for cases 
of multiple insertions. In particular, 
additional OMIs could be helpful in 
the group that received three OMIs 
because PFR and IFR were highest 
in this group.

In this study, PFR decreased 
from 40.80% after the first insertion 
to 25.00% after the second inser-
tion, indicating a decrease in the 
OMI failure rate. However, IFR in-
creased from 18.07% after the first 
insertion to 21.15%, 42.86%, and 
66.67% after the second, third, and 
fourth insertions, respectively, indi-
cating an increase in the failure rate 
with an increase in the frequency of 
reinsertions. PFR also increased af-
ter the third and fourth insertions to 
reach 66.67%. PFR decreased after 
the second insertion, probably be-
cause only one OMI may have been 
reinserted per patient. These re-
sults indicate that clinicians should 
make an effort to prevent the ini-
tial failure of OMIs, with even more 
careful efforts to prevent failure af-
ter reinsertion.

Other studies showed that the 
IFR in the maxilla was higher than 
in the mandible.17,18 In this study, 
IFR and PFR in the maxilla were 
higher, although there was no sig-
nificant difference between maxilla 
and mandible. Some clinical studies 
have reported that IFR was higher 
for young patients19 and women20 
than for older patients and men. 
However, in this study IFR and PFR 
were not influenced by age or sex. 
The higher failure rates in younger 
patients and female patients may 
be attributed to a higher number 

of OMIs inserted in these patient 
populations than in older patients 
or male patients. Furthermore, be-
cause the number of patients who 
visit dental clinics is higher among 
young individuals and females 
than among older individuals and 
males,21 clinicians may encounter 
OMI failures more frequently in 
young or female patients than in 
older or male patients, giving them 
a false impression that OMIs are 
less stable in the former two popu-
lations than in the latter two. Clini-
cians should consider that there may 
not be any correlation between OMI 
failure and age or sex.13,22 Therefore, 
efforts to prevent failure after prima-
ry OMI insertion and the insertion of 
additional OMIs should be imple-
mented regardless of the age or 
sex of the patient. Moreover, further 
studies about the failure times after 
insertion and orthodontic loading 
would be helpful for clinical applica-
tion of orthodontic mini-implants.

Conclusions

The results of this study showed that 
PFR was higher than IFR, regardless 
of the number of primary insertions. 
Clinicians should insert additional 
OMIs at the same site when insert-
ing multiple OMIs in a single pa-
tient. The failure rate can increase 
with an increase in the frequency of 
reinsertions. Clinicians should there-
fore make every effort to prevent 
failure after primary or subsequent 
insertions. Although male patients, 
young patients, and mandibular 
treatment sites showed higher PFR 
and IFR, there were no significant 
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differences between PFR and IFR ac-
cording to patient sex, age, or arch. 
Efforts to prevent failure should be 
made regardless of these factors.
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