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Abstract

Background The infrazygomatic crest mini-screw has been widely used, but the biomechanical performance of
mini-screws at different insertion angles is still uncertain. The aim of this study was to analyse the primary stability
of infrazygomatic crest mini-screws at different angles and to explore the effects of the exposure length (EL), screw-
cortical bone contact area (SCA), and screw-trabecular bone contact area (STA) on this primary stability.

Methods Ninety synthetic bones were assigned to nine groups to insert mini-screws at the cross-combined angles
in the occlusogingival and mesiodistal directions. SCA, STA, EL, and lateral pull-out strength (LPS) were measured, and
their relationships were analysed. Twelve mini-screws were then inserted at the optimal and poor angulations into the
maxillae from six fresh cadaver heads, and the same biomechanical metrics were measured for validation.

Results In the synthetic-bone test, the LPS, SCA, STA, and EL had significant correlations with the angle in the
occlusogingival direction (r; ps = 0.886, re, = -0.946, repy = 0.911,and rg=-0.731; all P<0.001). In the cadaver-validation
test, significant differences were noted in the LPS (P=0.011), SCA (P=0.020), STA (P=0.004), and EL (P=0.001)
between the poor and optimal angulations in the occlusogingival direction. The STA had positive correlations with
LPS (r, = 0.245 [synthetic-bone test] and r=0.720 [cadaver-validation test]; both P<0.05).

Conclusions The primary stability of the infrazygomatic crest mini-screw was correlated with occlusogingival
angulations. The STA significantly affected the primary stability of the infrazygomatic crest mini-screw, but the SCA
and EL did not.
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Background

The infrazygomatic crest mini-screw has been widely
used in orthodontic treatment, given its advantage in
unobstructed tooth movement [1-3]. In clinical practice,
an infrazygomatic crest mini-screw is recommended at
a specific angulation close to the mucogingival junction
to decrease the risk of soft tissue inflammation and root
contact [1]. However, mobility of the infrazygomatic crest
mini-screw can occur at the initial stage after insertion
[4, 5], leading to root damage [6] and unnecessary burden
associated with re-inserting the mini-screws [7]. There-
fore, reducing the early mobility of infrazygomatic crest
mini-screws is crucial for improving clinical treatment
efficacy and post-treatment satisfaction.

Mobility of mini-screw at the initial stage is mainly
related to insufficient primary stability [8]. Primary sta-
bility is the initial holding power of the mini-screw in
the bone [9], which can be affected by the insertion angle
[10-13]. Wu et al. reported the resistance strength of
infrazygomatic mini-screws inserted at 90° into an arti-
ficial bone [14]. However, the insertion angle of 90° is
quite different from that in real clinical settings, in which
the infrazygomatic crest mini-screw should be inserted
at a gingival tipping angle in the occlusogingival direc-
tion and distal tipping angle in the mesiodistal direction.
Hence, it is necessary to provide more information on the
primary stability of infrazygomatic crest mini-screws at
different commonly used angles in the mesiodistal and
occlusogingival directions.

The cortical bone thickness in contact with the mini-
screw increases when the mini-screw is inclined towards
the bone surface, thus improving the mechanical reten-
tion and stability [12]. The change in the screw-cortical
bone contact area (SCA) may result in the primary sta-
bility differences of mini-screws at different angles. How-
ever, the cortical bone is not the only factor affecting the
primary stability of mini-screws. Trabecular thickness
has been reported to be correlated with the primary
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stability of mini-screws in fresh bovine pelvic bones [15];
therefore, the effect of the screw-trabecular bone contact
area (STA) should not be ignored. Moreover, the mini-
screw’s exposure length (EL) is another factor affecting
primary stability because the Class II lever arm effect
existed in the shear test [16]. Although many studies have
realized the importance of these three abovementioned
factors on the primary stability of mini-screws [15,
17-19], the specific effect of each factor on the primary
stability of infrazygomatic crest mini-screws at different
insertion angles has not been explored.

This study aimed to analyse the primary stability of
the infrazygomatic crest mini-screw at different inser-
tion angles in the occlusogingival and mesiodistal direc-
tions and to explore the effects of STA, SCA, and EL on
the primary stability of infrazygomatic crest mini-screws.
The null hypothesis was that no differences in the pri-
mary stability would exist among the mini-screws at dif-
ferent insertion angles and STA, SCA, and EL would have
no effects on the primary stability.

Materials and methods

Synthetic-bone test of mini-screws at different angles
Synthetic bone blocks made of solid rigid polyurethane
foam (Sawbones, Pacific Research Laboratories Inc.,
Vashon Island, WA, USA) were used for the experiments.
A 1.5-mm rigid polyurethane foam sheet (simulating cor-
tical bone, 40 PCF) attached to a 40-mm block (simulat-
ing cancellous bone, 15 PCF) was used as a bone model
for the infrazygomatic crest region based on the reported
cortical bone thickness [20]. The dimensions of each syn-
thetic bone block were 20x20x41.5 mm?,

Mini-screws (Ningbo Cibei Medical Treatment Appli-
ance Co., Ltd, Zhejiang, China) of 2.0 mm in diam-
eter and 13 mm in total length were inserted into the
bone surface by the same operator with the help of a
self-designed guide plate (Fig. la). The insertion proto-
col was consistent with the insertion method described

Fig. 1 The insertion of the infrazygomatic crest mini-screw. (@) Customised guide plate for mini-screw insertion. (b) Nine groups with different combina-
tions of the occlusogingival and mesiodistal angles. (c) The mini-screw was inserted until the beginning of the non-threaded part contacted the bone
surface. MD mesial direction; DD distal direction; GD gingival direction; OD occlusal direction
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Fig. 2 Measurement of the actual insertion angle of the mini-screw. (@) The 3D models obtained using SmartScan. (b) Measurement of the actual inser-
tion angle of the mini-screw. Angle MD actual insertion angle of the mini-screw in the mesiodistal direction; Angle OG actual insertion angle of the mini-
screw in the occlusogingival direction; Line MD the projection of the insertion path on the mesiodistal plane (MDP); Line OG the projection of the insertion
path on the occlusogingival plane (OGP)

b

Fig. 3 Measurement of the SCA, STA, and EL of the mini-screw. (a) The rendering of the two models after registration. blue model, the 3D model of
screw-bone block; grey model, the 3D model of the mini-screw. (b) Measurement of the SCA and STA; blue area, STA; red area, SCA. (c) Measurement of
EL; black point, the insertion site; green point, the apex of the mini-screw cap. SCA screw-cortical bone contact area; STA screw-trabecular bone contact

area; £L exposure length

in a previous study [21], but the final rotated insertion
angle was decided based on the guide plate. Nine groups
(3% 3) were formed according to the cross-combinations
of bone contact angles in the occlusogingival (30°, 40°,
and 50°) and mesiodistal (90°, 75°, and 60°) directions
(Fig. 1b). The bone contact angles in the occlusogingival
and mesiodistal directions were designed according to
previously reported studies [21-23], which included the
commonly used angles in clinical practice. Each group
comprised ten synthetic bone blocks, and the overall
number of blocks was ninety (#=90). The mini-screw
was inserted into the blocks at different angles until the
lower ends of the non-threaded parts touched the bone
surface (Fig. 1c).

The 3D models of each screw-bone block and mini-
screw were obtained using SmartScan (Guangzhou Elec-
tronic Technology Co., Ltd., Guangzhou, Guangdong,
China) (Fig. 2a). Based on the 3D screw-bone model,
Geomagic Studio 12.0 (3D Systems Inc., Rock Hill, SC,
USA) was employed to simulate the insertion path of
each mini-screw and create the mesiodistal and occlu-
sogingival planes. These features were saved in Initial
Graphics Exchange Specification format and imported
into Geomagic Design X (3D Systems, Morrisville, NC,
USA) to measure the actual insertion angle of the mini-
screw (Fig. 2b). Then, the 3D mini-screw model and
screw-bone model were fitted in Geomagic Studio 2014
(Fig. 3a). Subsequently, according to the cortical and tra-
becular bone the mini-screw passed through, cortical
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Fig. 4 Lateral pull-out testing for the infrazygomatic crest mini-screw. (a) The mechanical testing machine for testing. (b) The pull-out grip and bone fix-

ing device. (c

) The procedure of lateral pull-out testing. MD mesial direction; DD distal direction; GD gingival direction; OD occlusal direction

Fig. 5 The digital model of screw-maxilla specimen. (a) Reconstruction of the maxilla specimen based on uCT images. (b) The insertion of mini-screws
with the help of a guide plate (white model). (c) The scanning model of screw-maxilla specimen

and trabecular bone planes were created using their soft-
ware functions. SCA and STA were also calculated based
on these planes (Fig. 3b). Finally, the EL—the distance of
the insertion site to the apex of the mini-screw cap—was
calculated by the “Compute Distance” function (Fig. 3c).

Lateral pull-out testing was performed on the inserted
mini-screws using a testing machine (ElectroForce 3510-
AT, Bose Corp., Framingham, USA) at a constant speed
of 0.05 mm/sec (Fig. 4a). In lateral pull-out testing, the
customised pull-out grip and bone fixing device were
specifically designed. The upper part of the lateral pull-
out grip is directly fixed to the machine using stainless
steel screws. The lower part is a J-shaped retaining arm
(Fig. 4b). The bone fixing device can achieve forward and
backward rotation and translation (Fig. 4b). Before lateral
pull-out testing, a 0.5-mm orthodontic wire (Shanghai
Dental Instrument Factory Co., Ltd., Shanghai, China)
was passed through the hole of the mini-screw and tied
to the J-shaped retaining arm. The traction was paral-
lel to the bone surface and oriented in the mesial direc-
tion (Fig. 4c). Pull-out strength—displacement data were
obtained, and the peak strength of each mini-screw was
recorded in Newtons.

Cadaver-validation test of mini-screws at the optimal and
poor angulations

A verification experiment on fresh cadaver specimens
was performed to further verify the effects of SCA,
STA, and EL on the primary stability of mini-screws

at different angles. The Medical Ethics Committee of
our institution approved this verification experiment
(Approval No. 2023-04).

Twelve fresh maxillae containing the infrazygomatic
crest regions from six body donors were collected. Sec-
tional images of the maxillae specimens were acquired
using pCT-80 (Scanco Medical, Bassersdorf, Switzer-
land). The X-ray settings were 55 KVp, 145 pA, and 8 W.
The voxel size was 60.0 um, and the integration time
was 200 ms. These images were reconstructed in Mim-
ics 19.0 (Materialise, Leuven, Belgium) to obtain the
bone 3D model (Fig. 5a). According to the preset inser-
tion trajectories, two mini-screws were inserted at the
optimal and poor angulations into the infrazygomatic
crest regions with similar cortical bone thickness on both
sides of the maxilla from the same donor using the guide
plates (Fig. 5b). The optimal and poor angulations to the
bone surface were defined according to the results of the
synthetic-bone test. These screw-bone specimens were
scanned again using SmartScan to obtain screw-bone
3D models (Fig. 5c). The 3D models of screw-bone, mini-
screw, and bone were also fitted in Geomagic Studio
2014. The SCA, STA, and EL were measured using the
same method described in the synthetic-bone test.

The screw-bone specimens were cemented using poly-
methyl methacrylate and prepared for the subsequent
lateral pull-out testing (Fig. 6). Lateral pull-out testing
was conducted using the same method described in the
synthetic-bone test.
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Fig. 6 Animage of lateral pull-out testing. MD mesial direction; DD distal direction; GD gingival direction; OD occlusal direction

Statistical analysis

Statistical analysis was conducted using SPSS software
(Version 20.0, IBM Corporation, Armonk, NY, USA) and
SAS 9.4 for Windows (SAS Institute, Inc., Cary, USA).
The Kruskal-Wallis H test was used for the synthetic-
bone test to analyse differences in the LPS, SCA, STA,
and EL among groups with the same insertion angles in
the occlusogingival or mesiodistal directions, and a post
hoc test with Bonferroni correction followed a significant
finding. Spearman’s rank correlation analysis explored
the correlations between the insertion angles and bio-
mechanical metrics (LPS, SCA, STA, and EL). In addi-
tion, the correlations among these biomechanical metrics
were explored using Spearman’s rank partial correlation
analysis. A paired-sample ¢-test was used for the valida-
tion test to analyse the differences in LPS, SCA, STA,
and EL between the poor and optimal angulations. Pear-
son’s partial correlation analysis explored the correlations
among these biomechanical metrics.

Differences were considered statistically significant at
P-values <0.05 or Bonferroni-adjusted P-values <0.05.
Bonferroni-adjusted P-value (Adj. P)=P-value . n (n,
number of comparisons).

Results

Results of the synthetic-bone test

For actual insertion angles in the occlusogingival and
mesiodistal directions, the deviations between the actual
and expected insertion angles were 1.97 (1.12, 3.17) and
2.00 (1.01, 3.05), respectively.

Significant differences were noted in the LPS, SCA,
STA, and EL at different insertion angles in the occlu-
sogingival direction among the groups with the same
insertion angle in the mesiodistal direction (all P<0.01).
Significant differences were also observed in the SCA
and STA at different insertion angles in the mesiodistal
direction among the 40° and 50° groups in the occluso-
gingival direction (all P<0.05). A significant difference
was observed in the EL at different insertion angles in
the mesiodistal direction only in the 40° occlusogingival
direction (P=0.001). The LPS, SCA, STA, and EL for each
group and the results of multiple comparisons among
groups at the same insertion angles in the occlusogingival
or mesiodistal directions are listed in Tables 1, 2, 3 and 4,
respectively.

The LPS, SCA, STA, and EL had significant correlations
with the angle in the occlusogingival direction (r;ps =
0.886, rgcy = -0.946, rgry = 0.911, and rg;=-0.731, respec-
tively; all P<0.001). In contrast, the LPS, SCA, STA, and
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Table 1 Comparison of the maximum LPS (N) of mini-screws for nine combinations of occlusogingival and mesiodistal angles
Insertion Angle

Mesiodistal direction

90° 75° 60°
Occlusogingival 30° 50.24%9 51.13+599 52.76%N 53.58+10.64 51.16" 53.83+886
direction (45.66,55.11) (47.72,56.99) (46.06,62.77)
40° 76.68° 77.16+643 81.37° 83.86+14.98 78.39° 844141842
(72.67,83.43) (69.70, 100.20) (69.41,107.63)
50° 109.87° 109.94+20.86 101.97° 106.87+18.98 120.85° 113.28+1847

(93.33,124.74) (92.07,121.20) (90.87,124.69)

NOTE: Multiple comparisons of the LPS (N) have only been conducted among groups in the same row (in the same occlusogingival direction) or column (in the same
mesiodistal direction)

Superscript letters indicated a statistically significant difference between the group that the cell represents and the group that the letter represents in the post hoc
test with Bonferroni correction (Bonferroni-adjusted P-value < 0.05)

LPS: lateral pull-out strength

a:30°/90° group; b: 30°/75° group; ¢: 30°/60° group
d:40790° group; e: 40775° group; f: 40760° group
g:50790° group; h: 50775° group; i: 50760° group

Table 2 Comparison of the SCA (mm?) of mini-screws for nine combinations of occlusogingival and mesiodistal angles

Insertion Angle

Mesiodistal direction

90° 75° 60°
Occlusogingival direction 30° 163499 1644 +0.66 169380 16.94+0.50 16.83 " 17.09+0.68
(15.94,17.01) (16.53,17.27) (16.58,17.70)
40° 14252 9f 14.21+044 14,02 o0 f 1416 +0.36 1481 “dei 14.87+0.32
(13.84, 14.61) (13.98,14.41) (14.62,15.23)
50° 12,0641 12.08+0.22 122801 12344026 13.03 %90 f 13.03+0.28

(12.01,12.20)

(12.10,12.59)

(12.80,13.22)

NOTE: Multiple comparisons of the SCA (mm?) have only been conducted among groups in the same row (in the same occlusogingival direction) or column (in the
same mesiodistal direction)

Superscript letters indicated a statistically significant difference between the group that the cell represents and the group that the letter represents in the post hoc
test with Bonferroni correction (Bonferroni-adjusted P-value < 0.05)

SCA: screw-cortical bone contact area

a:30°%/90° group; b: 30%/75° group; c: 30°/60° group
d: 40°/90° group; e: 40°/75° group; f: 40°/60° group
g:50%90° group; h: 50°/75° group; i: 50°/60° group

Table 3 Comparison of the STA (mm?) of mini-screws for nine combinations of occlusogingival and mesiodistal angles
Insertion Angle Mesiodistal direction

90° 75° 60°
Occlusogingival 30° 76099 7.68+1.27 70960 7.06+0.85 7130 717+148
direction (6.95, 8.54) (6.35,7.61) (6.07,8.59)
40° 12922 f 12.93+1.04 11.54° 1157+1.15 1031641 1043+0.56
(12.34,13.82) (10.68,12.69) (10.03,10.84)
50° 14,928 14.98+1.05 14.11° 13.87+0.95 1359¢<9f 13444104

(14.02,15.80) (13.29,14.29) (12.32,14.19)

NOTE: Multiple comparisons of the STA (mm?) have only been conducted among groups in the same row (in the same occlusogingival direction) or column (in the
same mesiodistal direction)

Superscript letters indicated a statistically significant difference between the group that the cell represents and the group that the letter represents in the post hoc
test with Bonferroni correction (Bonferroni-adjusted P-value < 0.05)

STA: screw-trabecular bone contact area

a:30°%/90° group; b: 30%/75° group; c: 30°/60° group
d: 40790° group; e: 40775° group; f: 40760° group
g: 50°/90° group; h: 50°/75° group; i: 50°/60° group

EL had no significant correlation with the angle in the
mesiodistal direction (all 7>0.05).

When the SCA and EL were controlled for, a weak
positive correlation was observed between the STA and

LPS (r, = 0.245, P=0.022). However, when the STA and
EL were controlled for, no statistically significant correla-
tion was observed between the SCA and LPS (r, = -0.069,
P=0.521). Moreover, when the STA and SCA were
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Table 4 Comparison of the EL (mm) of mini-screws for nine combinations of occlusogingival and mesiodistal angles

Insertion Angle

Mesiodistal direction

90° 75° 60°
Occlusogingival 30° 84199 843+0.14 g51eh 849+0.15 8411 843+0.27
direction (8.35,857) (8.36,8.62) (8.17,8.70)
40° 797 2¢f 7.99+0.13 8.10bd 8.20+0.20 8274 8.26+0.07
(7.86,8.09) (8.04,841) (8.22,832)
50° 7.96° 794+0.14 8.05° 8.07+0.15 802°¢" 805+0.17
(7.84,8.06) (7.99,8.16) (7.94,821)

NOTE: Multiple comparisons of the EL (mm) have only been conducted among groups in the same row (in the same occlusogingival direction) or column (in the same

mesiodistal direction)

Superscript letters indicated a statistically significant difference between the group that the cell represents and the group that the letter represents in the post hoc

test with Bonferroni correction (Bonferroni-adjusted P-value < 0.05)
EL: exposure length

a:30°/90° group; b: 30°/75° group; ¢: 30°/60° group

d: 40°/90° group; e: 40°/75° group; f: 40°/60° group

g:50°/90° group; h: 50°/75° group; i: 50°/60° group
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Fig. 7 The differences between the optimal and poor angulations in cadaver-validation testing. (a) The difference in the LPS. (b) The difference in the
SCA. (c) The difference in the STA. (d) The difference in the EL. LPS lateral pull-out strength; SCA screw-cortical bone contact area; STA screw-trabecular

bone contact area; £L exposure length

controlled for, no statistically significant correlation was
observed between the EL and LPS (r,=0.110, P=0.306).

Results of the cadaver-validation test

For actual insertion angles in the occlusogingival and
mesiodistal directions, the deviations between the actual
and expected insertion angles were 5.44+2.59 and
3.31£1.92, respectively.

Based on the results of the synthetic-bone test, the
occlusogingival angulation of 30° is the poor angle and
50° is the optimal angle under each angle in the mesio-
distal direction. Therefore, at each angle in the mesiodis-
tal direction (60°/75°/90°), two maxillae were respectively
assigned for the occlusogingival angulation validation
test.

The differences between the poor and optimal angu-
lations are shown in Fig. 7. Statistically significant dif-
ferences were observed between the two groups in LPS
(P=0.011), SCA (P=0.020), STA (P=0.004), and EL
(P=0.001).

When the SCA and EL were controlled for, a posi-
tive correlation was observed between the STA and LPS
(r=0.720, P=0.019). However, when the STA and EL
were controlled for, no statistically significant correla-
tion was observed between the SCA and LPS (r=0.566,
P=0.088). Moreover, when the STA and SCA were con-
trolled for, no statistically significant correlation was
observed between the EL and LPS (r=0.570, P=0.086).

Discussion

The infrazygomatic crest mini-screw has been com-
monly used by orthodontists. Nevertheless, mobility of
mini-screw at the initial stage can occur after insertion
due to the insufficient primary stability, leading to the
poor post-treatment satisfaction. Insertion angle is one
of the key factors that could affect the primary stability,
but there remains ambiguity regarding the biomechani-
cal performance of the mini-screws at different inser-
tion angles. In this study, we analysed the SCA, STA, EL,
and LPS of infrazygomatic crest mini-screws inserted
at different commonly used angles and explored their
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relationships. The results showed that the LPS was sig-
nificantly correlated with the occlusogingival angulations
and the STA significantly affected the LPS of the infrazy-
gomatic crest mini-screw. Consequently, the null hypoth-
esis was rejected.

In this study, we conducted tests on synthetic bone
(polyurethane composite blocks) and natural bone
(cadaver specimens). Synthetic bone has been widely
used in in vitro studies because of its uniformity, consis-
tent properties, and unrestricted and convenient sources
[12, 17, 24]. Hence, we analysed the biomechanical met-
rics of the infrazygomatic crest mini-screw at all nine dif-
ferent insertion angles using synthetic bones to explore
the trend in metric changes of the mini-screws at differ-
ent angles. However, as the synthetic-bone test cannot
precisely reproduce clinical insertion settings, further
validation was needed on fresh cadaver specimens. In our
study, the biomechanical metrics of the infrazygomatic
crest mini-screw were analysed at the optimal and poor
angulations in the cadaver-validation test.

Primary stability can be evaluated with quantitative
methods, such as insertion torque (IT), resonance fre-
quency analysis (RFA), and pull-out strength (PS). How-
ever, whether IT can predict screw retention in bone
tissue is still controversial; thus, IT may not be an effec-
tive method for predicting mini-screw retention [25,
26]. As for RFA, the measured values in different studies
were not comparable due to the lack of a standard trans-
ducer that matches the mini-screw [9, 27, 28]. Hence,
the PS may be preferred to evaluate the primary stability.
Because the orthodontic forces are applied in parallel to
the surface of the cortical bone, and lateral loading might
more closely mimic clinical orthodontic loading [29], the
LPS was used to evaluate the primary stability of mini-
screws in our study.

In clinical practice, the insertion direction of mini-
screws is not one-dimensional. However, few studies
have evaluated the influence of the insertion angles in
both the occlusogingival and mesiodistal directions on
the primary stability. Therefore, we measured the LPS of
the mini-screws in these two directions. Because of the
difficulties in insertion at the cross-combined angles,
guide plates with different insertion angles were designed
and 3D-printed to assist with mini-screw insertion. The
deviation values between the actual and expected inser-
tion angles were acceptable compared with those of the
prior study [12].

In our study, we observed a significant positive cor-
relation between occlusogingival angulation and LPS.
This result is consistent with previous findings from
Woodall et al. [30] who found that the maximum anchor-
age force of the mini-screw under tangential force also
increased when the bone contact angle of the mini-screw
increased from 30° to 60° and 90°. Moreover, we found no
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significant correlation between the insertion angle in the
mesiodistal direction and LPS. The study from Lee et al.
[31] supports these results; they found that there was no
significant difference in stress distribution and displace-
ment of the mini-screw between the insertion angles of
30°, 60°, and 90° in the mesiodistal directions when apply-
ing LPS (named LO° in their study). However, it should
be noted that our study’s range of insertion angles only
included the commonly used angles of the infrazygomatic
crest mini-screw. Therefore, we cannot further explore
the LPS changes when the insertion angle increased from
60° to 90°.

The cortical bone has been defined as a key factor
affecting the primary stability of mini-screws at differ-
ent insertion angles [20, 32]. Many researchers believed
that the cortical bone thickness in contact with the mini-
screw was negatively correlated with the occlusogingival
angles [33] and positively correlated with the primary
stability [12, 19]. The SCA, as the cortical bone area in
contact with the mini-screw, should have shown the same
correlation. However, only the same negative correlation
between the SCA and angulations in the occlusogingival
direction was shown in our study, and the positive cor-
relation between the LPS and SCA was not observed.
Extensive cortical bone micro-damage caused by oblique
angulation (30°-50°) in the occlusogingival direction
might be the reason for this difference [29, 34, 35].

The EL of the mini-screw also plays an important role
in the primary stability, which could significantly impact
bone stress around the mini-screw [18]. A negative cor-
relation between EL and angulation in the occlusogin-
gival direction was observed in this study. It seems that
EL may affect the LPS of the mini-screws with different
angles. However, further results indicated no statisti-
cally significant correlation between EL and the LPS of
the mini-screws at different angles. The main reason for
this difference may be the small ranges of EL variations
under different insertion angles. In Lin et al’s study, the
distances of EL variations were 2 mm [18]. In contrast,
the distances of EL variations at commonly used different
angles were less than 1 mm in our study, which may not
be sufficient to cause significant changes in the LPS.

The role of trabecular bone in the primary stability of
mini-screws is usually ignored. Our study showed that
the STA increased with increasing insertion angles in
the occlusogingival direction. Moreover, we observed a
positive correlation between the STA and LPS, which is
consistent with the results reported by Marquezan et al.
[15]. The insertion angle has an important effect on the
trabecular bone stress, and the small effect on the corti-
cal bone stress may be responsible for this result [18].

These findings were further verified in fresh cadavers in
this study. Although the values of the biomechanical met-
rics differed from those in the cadaver-validation test, the
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comparisons between the poor and optimal angulations
to the bone surface showed the same trend as the results
of the synthetic bone test. Moreover, correlation analysis
between the STA and LPS verified the importance of the
STA in the primary stability of infrazygomatic crest mini-
screws at different insertion angles. Therefore, the STA
may be the preferred concern for the primary stability of
the infrazygomatic crest mini-screw with a special inser-
tion angle.

Considering these findings, it can be concluded that
the greater the diameter and length of mini-screw, the
greater the STA, and thus the better the mini-screw sta-
bility. However, screw diameter and length are commonly
limited by the bone thickness and depth in the infrazy-
gomatic crest region, due to the variability of anatomi-
cal structures [1, 36]. According to our previous study
[22], the available bone thickness was negatively corre-
lated with bone depth in the infrazygomatic crest region.
Therefore, we suggest that orthodontists select a mini-
screw with smaller diameter but longer length in the
infrazygomatic crest region to achieve the better stabil-
ity without structural damage. However, further research
is still needed to determine the optimal size of infrazy-
gomatic crest mini-screw.

It also should be noted that the results of this study
need to be interpreted within the study’s limitations.
These limitations included the utilization of in vitro
models and limited insertion angles we explored. In the
future, we intend to further analyse the effects of other
factors (size of mini-screw, type of thread, direction of
the applied force and so on) on the primary stability and
conduct in vivo researches to evaluate the secondary sta-
bility of the mini-screw under different factors.

Conclusions

The primary stability of the infrazygomatic crest mini-
screw was correlated with occlusogingival angulations.
The STA significantly affected the primary stability of the
infrazygomatic crest mini-screw, but the SCA and EL did
not.

Abbreviations

EL Exposure length

SCA  Screw-cortical bone contact area
STA Screw-trabecular bone contact area
LPS Lateral pull-out strength

Acknowledgements
Not applicable.

Author contributions

BD participated in design of this study, collected, analyzed, and interpreted
the data, and drafted the manuscript. YL provided help throughout the study
and manuscript editing. MJ provided help for data statistics and manuscript
editing. QY and JJ provided support for data acquisition and data statistics. WF,
XW, JT, and RJ helped with data acquisition and interpretation. JL conceived
the idea of this study, coordinated the study and revised the manuscript. All
authors read and approved the final manuscript.

Page 9 of 10

Funding

This study was supported by National Key Research and Development
Program of China, [2022YFF1202600]. The funder had no role in the study
design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Data availability
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent for publication and consent for publication
This study received the approval of the ethics committee at Southern Medical
University. This study has obtained the informed consent of body donors and
their legal guardians, who also signed the informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Stomatology, Shunde Hospital, Southern Medical
University (The First People’s Hospital of Shunde, Foshan), Foshan,
Guangdong 528308, China

2S‘[omatological Hospital, School of Stomatology, Southern Medical
University, Guangzhou, Guangdong 510515, China

3Department of Ultrasound, The Shenzhen Second People’s Hospital,
Shenzhen 518035, China

“Department of Anatomy, Guangdong Provincial Key Laboratory of
Digital Medicine and Biomechanics, Guangdong Engineering Research
Center for Translation of Medical 3D Printing Application, National Virtual
and Reality Experimental Education Center for Medical Morphology,
School of Basic Medical Sciences, Southern Medical University,
Guangzhou 510515, China

*The Department of Anatomy, Nanchang Medical College,

Nanchang 330052, China

5The Department of Stomatology, The Seventh Affiliated Hospital,
Southern Medical University, Foshan, Guangdong 528244, China
’Department of Rehabilitation Medicine, Guangdong Provincial People’s
Hospital, Guangdong Academy of Medical Sciences, Southern Medical
University, No. 106 Zhongshan Road Il, Guangzhou 510080, P. R. China

Received: 22 January 2024 / Accepted: 17 July 2024
Published online: 09 August 2024

References

1. Liou EJW, Chen P, Wang Y, Lin JC. A computed Tomographic Image Study
on the thickness of the Infrazygomatic Crest of the Maxilla and its clini-
cal implications for Miniscrew insertion. Am J Orthod Dentofac Orthop.
2007;131:352-6. https://doi.org/10.1016/j.ajod0.2005.04.044.

2. ChenY,Kao C,Huang T. Evaluation of ten Extra-alveolar Temporary
Anchorage device insertion sites by Cone Beam Volumetric Computer
Tomography: a pilot study. J Dent Sci. 2010;5:21-9. https://doi.org/10.1016/
$1991-7902(10)60004-9.

3. Jia X, Chen X, Huang X. Influence of Orthodontic Mini-implant Penetration of
the Maxillary Sinus in the Infrazygomatic Crest Region. Am J Orthod Dentofac
Orthop. 2018;153:656-61. https://doi.org/10.1016/}.ajod0.2017.08.021.

4. Nienkemper M, Handschel J, Drescher D. Systematic review of Mini-implant
Displacement under Orthodontic Loading. Int J Oral Sci. 2014;6:1-6. https://
doi.org/10.1038/ijos.2013.92.

5. Miyawaki S, Koyama |, Inoue M, Mishima K, Sugahara T, Takano-Yamamoto
T. Factors Associated with the Stability of Titanium screws placed in the
posterior region for Orthodontic Anchorage. Am J Orthod Dentofac Orthop.
2003;124:373-8. https://doi.org/10.1016/50889-5406(03)00565-1.

6. ChenYH, Chang HH, ChenYJ, Lee D, Chiang HH, Yao CC. Root Contact during
insertion of Miniscrews for Orthodontic Anchorage increases the failure


https://doi.org/10.1016/j.ajodo.2005.04.044
https://doi.org/10.1016/S1991-7902(10)60004-9
https://doi.org/10.1016/S1991-7902(10)60004-9
https://doi.org/10.1016/j.ajodo.2017.08.021
https://doi.org/10.1038/ijos.2013.92
https://doi.org/10.1038/ijos.2013.92
https://doi.org/10.1016/s0889-5406(03)00565-1

Du et al. BMC Oral Health

20.

22.

(2024) 24:924

rate: an animal study. Clin Oral Implants Res. 2008;19:99-106. https://doi.
0rg/10.1111/j.1600-0501.2007.01418 x.

Sung-Hwan Choi CH. Factors Affecting the Failure of Tads and Efforts to
Improve the Biomechanical Stability of Tads. In: Temporary Anchorage Devices
in Clinical Orthodontics Edited by Park JH. Hoboken, NJ, USA: John Wiley &
Sons; 2020: 61-67.

Pithon MM, Nojima MG, Nojima LI. Primary Stability of Orthodontic Mini-
implants Inserted into Maxilla and Mandible of Swine. Or Surg or Med or Pa.
2012;113:748-54. https://doi.org/10.1016/j.tripleo.2011.06.021.

Mischkowski RA, Kneuertz P, Florvaag B, Lazar F, Koebke J, Zéller JE. Biome-
chanical comparison of four different Miniscrew types for Skeletal Anchorage
in the Mandibulo-Maxillary Area. Int J Oral Max Surg. 2008;37:948-54. https://
doi.org/10.1016/}.ijom.2008.07.017.

Wilmes B, SuY, Drescher D. Insertion Angle Impact on Primary Stability of
Orthodontic Mini-implants. Angle Orthod. 2008;78:1065-70. https://doi.
0rg/10.2319/100707-484.1.

Raji SH, Noorollahian S, Niknam SM. The effect of insertion Angle on Orth-
odontic Mini-screw Torque. Dent Res J (Isfahan). 2014;11:448-51.

Meira TM, Tanaka OM, Ronsani MM, Maruo IT, Guariza-Filho O, Camargo ES,
Maruo H. Insertion torque, pull-out strength and cortical bone thickness in
contact with Orthodontic mini-implants at different insertion angles. Eur J
Orthod. 2013;35:766-71. https://doi.org/10.1093/ejo/cjs095.

Perillo L, Jamilian A, Shafieyoon A, Karimi H, Cozzani M. Finite Element
Analysis of Miniscrew Placement in Mandibular alveolar bone with varied
angulations. Eur J Orthod. 2015;37:56-9. https://doi.org/10.1093/ejo/cju006.
Wu JH, Lu PC, Lee KT, Du JK, Wang HC, Chen CM. Horizontal and Vertical
Resistance Strength of Infrazygomatic Mini-implants. Int J Oral Max Surg.
2011;40:521-5. https://doi.org/10.1016/j.ijom.2011.01.002.

Marquezan M, Lima |, Lopes RT, Sant’Anna EF, de Souza MM. Is trabecular
bone related to Primary Stability of Miniscrews? Angle Orthod. 2014;84:500-
7. https://doi.org/10.2319/052513-39.1.

Pickard MB, Dechow P, Rossouw PE, Buschang PH. Effects of Miniscrew Orien-
tation on Implant Stability and Resistance to failure. Am J Orthod Dentofac
Orthop. 2010;137:91-9. https://doi.org/10.1016/j.ajodo.2007.12.034.
Fernandes DJ, Elias CN, Ruellas A. Influence of screw length and bone thick-
ness on the Stability of Temporary implants. MATERIALS. 2015,8:6558-69.
https://doi.org/10.3390/mag8095322.

Lin T, Tsai F, Chen C, Lin L. Factorial analysis of variables affecting bone stress
adjacent to the Orthodontic Anchorage Mini-implant with finite ele-

ment analysis. Am J Orthod Dentofac Orthop. 2013;143:182-9. https://doi.
0rg/10.1016/}.2j0d0.2012.09.012.

Marquezan M, Mattos CT, Sant’/Anna EF, de Souza MMG, Maia LC. Does
cortical thickness influence the Primary Stability of Miniscrews? A systematic
review and Meta-analysis. Angle Orthod. 2014;84:1093-103. https://doi.
0rg/10.2319/093013-716.1.

Farnsworth D, Rossouw PE, Ceen RF, Buschang PH. Cortical bone thickness at
Common Miniscrew Implant Placement sites. Am J Orthod Dentofac Orthop.
2011;139:495-503. https://doi.org/10.1016/j.2jod0.2009.03.057.

Chang CH, Lin JS, Roberts WE. Failure Rates for Stainless Steel Versus
Titanium Alloy Infrazygomatic Crest Bone Screws: a Single-Center, random-
ized double-blind clinical trial. Angle Orthod. 2018;89:40-6. https://doi.
0rg/10.2319/012518-70.1.

Du B, Zhu J, Li L, FanT, Tan J, Li J. Bone depth and thickness of different Infra-
zygomatic Crest Miniscrew insertion paths between the First and Second
Maxillary molars for distal tooth Movement: a 3-Dimensional Assessment.
Am J Orthod Dentofac Orthop. 2021;160:113-23. https://doi.org/10.1016/j.
2j0d0.2020.03.036.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Page 10 of 10

Song Q, Jiang F, Zhou M, Li T, Zhang S, Liu L, Pu L, Lai W, Long H. Optimal sites
and angles for the insertion of Orthodontic mini-implants at Infrazygomatic
Crest: A Cone Beam Computed Tomography (Cbct)-Based study. Am J Transl
Res. 2022;12:8893-902.

Assuncao VA, Lunardi N, Boeck EM, Geraldo-Vaz L, Boeck-Neto RJ, Luvizuto ER.
Insertion torque and pull-out strength of Orthodontic mini-implants compar-
ing manual and motor insertion methods. J Craniofac Surg. 2015;26:993-6.
https://doi.org/10.1097/SCS.0000000000001582.

Salméria KK, Tanaka OM, Guariza-Filho O, Camargo ES, de Souza LT, Maruo H.
Insertional Torque and Axial pull-out strength of mini-implants in mandibles
of dogs. Am J Orthod Dentofac Orthop. 2008;133:715-90. https://doi.
0rg/10.1016/j.aj0od0.2007.12.020.

Chen CM, Wu JH, Lu PC, Wang HC, Lee HE, Wang CH, Du JK. Horizontal
pull-out strength of Orthodontic Infrazygomatic Mini-implant: an in

Vitro Study. Implant Dent. 2011,20:139-45. https://doi.org/10.1097/
ID.0b013e31820fb7d4.

Suzuki EY, Suzuki B, Aramrattana A, Harnsiriwattanakit K, Kowanich N.
Assessment of Miniscrew Implant Stability by Resonance frequency analysis:
a study in human cadavers. J Oral Maxil Surg. 2010;68:2682-9. https://doi.
0rg/10.1016/jjoms.2010.05.083.

Tseng Y, Pan C, Liu P, Yang Y, Chang H, Chen C. Resonance frequency

analysis of Miniscrew Implant Stability. J Oral Sci. 2018;60:64-9. https://doi.
0rg/10.2334/josnusd.16-0613.

Xu Z,WuY, Zhao L, Zhou Y, Wei X, Tang N, Feng X, Tang T, Zhao Z. Effect of
Placement Angle on the Stability of Loaded Titanium Microscrews in Beagle
Jaws. Angle Orthod. 2013;83:659-66. https://doi.org/10.2319/081612-660.1.
Woodall N, Tadepalli SC, Qian F, Grosland NM, Marshall SD, Southard TE. Effect
of Miniscrew Angulation on Anchorage Resistance. Am J Orthod Dentofac
Orthop. 2011;139:¢147-52. https://doi.org/10.1016/j.aj0od0.2010.08.017.

Lee J, Kim JY, Choi YJ, Kim KH, Chung CJ. Effects of Placement Angle

and Direction of Orthopedic Force Application on the Stability of
Orthodontic Miniscrews. Angle Orthod. 2013;83:667-73. https://doi.
0rg/10.2319/090112-703.1.

Motoyoshi M, Yoshida T, Ono A, Shimizu N. Effect of cortical bone thickness
and Implant Placement Torque on Stability of Orthodontic Mini-implants. Int
J Oral Maxillofac Implants. 2007,22:779-84.

Deguchi T, Nasu M, Murakami K, Yabuuchi T, Kamioka H, Takano-Yamamoto
T. Quantitative evaluation of cortical bone thickness with computed Tomo-
graphic scanning for Orthodontic implants. Am J Orthod Dentofac Orthop.
2006;129:721-7. https://doi.org/10.1016/j.ajod0.2006.02.026.

Frost HM. A brief review for Orthopedic surgeons: fatigue damage (Micro-
damage) in bone (its determinants and clinical implications). J Orthop Sci.
1998;3:272-81. https://doi.org/10.1007/5007760050053.

Teekavanich C, Uezono M, Takakuda K, Ogasawara T, Techalertpaisarn P,
Moriyama K. Evaluation of cortical bone Microdamage and Primary Stabil-
ity of Orthodontic Miniscrew using a human bone analogue. Materials.
2021;14:1825. https://doi.org/10.3390/ma14081825.

Baumgaertel S, Hans MG. Assessment of Infrazygomatic Bone depth

for Mini-screw insertion. Clin Oral Implants Res. 2009. https://doi.
0rg/10.1111/j.1600-0501.2008.01691 x.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1111/j.1600-0501.2007.01418.x
https://doi.org/10.1111/j.1600-0501.2007.01418.x
https://doi.org/10.1016/j.tripleo.2011.06.021
https://doi.org/10.1016/j.ijom.2008.07.017
https://doi.org/10.1016/j.ijom.2008.07.017
https://doi.org/10.2319/100707-484.1
https://doi.org/10.2319/100707-484.1
https://doi.org/10.1093/ejo/cjs095
https://doi.org/10.1093/ejo/cju006
https://doi.org/10.1016/j.ijom.2011.01.002
https://doi.org/10.2319/052513-39.1
https://doi.org/10.1016/j.ajodo.2007.12.034
https://doi.org/10.3390/ma8095322
https://doi.org/10.1016/j.ajodo.2012.09.012
https://doi.org/10.1016/j.ajodo.2012.09.012
https://doi.org/10.2319/093013-716.1
https://doi.org/10.2319/093013-716.1
https://doi.org/10.1016/j.ajodo.2009.03.057
https://doi.org/10.2319/012518-70.1
https://doi.org/10.2319/012518-70.1
https://doi.org/10.1016/j.ajodo.2020.03.036
https://doi.org/10.1016/j.ajodo.2020.03.036
https://doi.org/10.1097/SCS.0000000000001582
https://doi.org/10.1016/j.ajodo.2007.12.020
https://doi.org/10.1016/j.ajodo.2007.12.020
https://doi.org/10.1097/ID.0b013e31820fb7d4
https://doi.org/10.1097/ID.0b013e31820fb7d4
https://doi.org/10.1016/j.joms.2010.05.083
https://doi.org/10.1016/j.joms.2010.05.083
https://doi.org/10.2334/josnusd.16-0613
https://doi.org/10.2334/josnusd.16-0613
https://doi.org/10.2319/081612-660.1
https://doi.org/10.1016/j.ajodo.2010.08.017
https://doi.org/10.2319/090112-703.1
https://doi.org/10.2319/090112-703.1
https://doi.org/10.1016/j.ajodo.2006.02.026
https://doi.org/10.1007/s007760050053
https://doi.org/10.3390/ma14081825
https://doi.org/10.1111/j.1600-0501.2008.01691.x
https://doi.org/10.1111/j.1600-0501.2008.01691.x

	﻿Effects of exposure length, cortical and trabecular bone contact areas on primary stability of infrazygomatic crest mini-screws at different insertion angles
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Synthetic-bone test of mini-screws at different angles
	﻿Cadaver-validation test of mini-screws at the optimal and poor angulations
	﻿Statistical analysis

	﻿Results
	﻿Results of the synthetic-bone test
	﻿Results of the cadaver-validation test

	﻿Discussion
	﻿Conclusions
	﻿References


