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ABSTRACT 

This experiment was designed to evaluate the pure effect of thread pitch on the maximum 

insertion torque (MIT) of orthodontic miniscrew implants (MIs). Sixty MIs, twelve of each pitch 0.4-mm, 

0.6-mm, 0.8-mm, 1.0-mm and 1.2-mm, were specifically designed and manufactured keeping the length, 

diameter and thread design constant, except for thread pitch. Each MI was placed in the a double-layer 

synthetic bone block using a digital torque reader screwdriver with a custom holder to control the 

orientation and to ensure the reproducibility. The insertion torque was report in newton-centimeters 

(N.cm). The smaller pitch tended to have a greater MIT except for the 1.2-mm pitch, statistically 

significant (P<0.05). It can be concluded that thread pitch influenced MIT of the MIs and thread pitch 

affected the self-tapping properties of the MIs. 

 

บทคัดยอ 

การศึกษาน้ีมีวัตถุประสงคเพ่ือประเมินผลของความถ่ีเกลียวตอแรงหมุนสูงสุดบนหลักยึดทางทันตกรรมจัดฟน

ช่ัวคราว หลักยึดทางทันตกรรมจัดฟนช่ัวคราวถูกออกแบบและผลิตมาท้ังสิ้น 60 ตัว 12 ตัวในแตละกลุมความถ่ี (0.4 มม., 

0.6 มม., 0.8 มม., 1.0 มม. และ 1.2 มม.) โดยมีการควบคุมลักษณะอื่นๆของหลักยึดทางทันตกรรมจัดฟนชั่วคราว 

ทั้งความยาว, เสนผาศูนยกลาง และลักษณะของเกลียวใหคงท่ีในทุกกลุม ยกเวนความถ่ีเกลียวซึ่งเปนตัวแปรตน ทําการ

ทดลองในกระดูกจําลองชนิดสองชั้น ไขหลักยึดทางทันตกรรมจัดฟนดวยไขควงวัดแรงหมุนสูงสุดแบบดิจิตัลในหนวย

นิวตัน-เซนติเมตร โดยใชตัวจับกระดูกและไขควงเพ่ือควบคุมทิศทางการไขและเพ่ือใหเกิดการทําซ้ําได การทดลองพบวา 

หลักยึดทางทันตกรรมช่ัวคราวท่ีมีความถ่ีเกลียวท่ีนอยจะมีแนวโนมของแรงหมุนสูงสุดมากข้ึน อยางมีนัยสําคัญทางสถิติ 

(กําหนดนัยสําคัญท่ีระดับ 0.05) ยกเวนในกลุมท่ีมีความถ่ีเกลียว 1.2 มม. ท่ีมีแรงหมุนสูงสุดลดลง สรุปไดวา ความถ่ีเกลียว

มีผลตอแรงหมุนสูงสุดของหลักยึดทางทันตกรรมจัดฟน ขณะเดียวกัน ความถ่ีเกลียวมีผลตอคุณสมบัติการไขตัวเองท่ีทําให

ตองใชแรงบิดมากข้ึนเมื่อมีความถ่ีเกลียวลดลง 
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Introduction 

 In orthodontic treatment, miniscrew implants (MIs)  are now widely used for anchorage control and 

have expanded the scope of tooth movement because of their various advantages that optimize clinical 

efficiency and efficacy.  Because of its simple placement procedure, this procedure can be performed by 

orthodontists.  However, the clinical uses of MIs include some risk such as mobility, displacement and 

dislodgement.  Mostly, screw mobility and displacement occur during the first week due to their insufficient 

stability with a failure rate of about 13.5% (Kuroda et al., 2014; Papageorgiou et al., 2012). Therefore, stability 

is essential to retain the MI in position and to resist orthodontic forces. 
 MIs stability is a consequence of both primary stability and secondary stability (Kim, 2014; Ure 

et al., 2011). Primary stability depends on mechanical retention of the MIs, and secondary stability 

depends on primary stability and the healing process, including osseointegration. However, MIs do not 

need to osseointegrate in order to obtain clinical success (Kim, 2014). Therefore, primary stability is an 

important factor because it affects secondary stability. Also, in their clinical application, MIs are 

sometimes loaded immediately.  

Factors associated with MI primary stability are insertion technique (R. Reynders et al., 2009), 

insertion site anatomy and design (Park et al., 2006; R. Reynders et al., 2009). which include length, 

diameter, fluting, surface treatment, shaft design, thread shape, thread depth and thread pitch 

(Papageorgiou et al., 2012; Park et al., 2006; R. Reynders et al., 2009). Concerning thread pitch, thread 

pitch is the distance between the threads of the MI (Figure 1) and the role of thread pitch is to control 

the MIs advancement distance in one turn. Also, variation in thread pitch can increase or decrease the 

bone-to-implant surface area. Therefore, variation in thread pitch affects the primary stability of the MIs. 

However, few scientific evidences are available on the influence of thread pitch on MIT properties of 

MIs. Furthermore, most previous studies used commercial MIs which compromised the control factors 

(Brinley et al., 2009; Marco Migliorati et al., 2012; M. Migliorati et al., 2011). 

 Maximum insertion torque has been commonly used to analyze the primary stability of MIs designs 

(Kim, 2014). The Higher MIT, the lower in mobility and failure of MIs were found. However, the high MIT also 

creates an excessive stress and causes microdamage in alveolar bone which leads to reduce the MIs stability. 

At present, there is insufficient evidence of optimum MIT to obtain higher success of MIs (R.A.M. Reynders 

et al., 2012). 

 

Objectives of the study 

This experiment was designed to 

- explore the effect of pitch on the MIT of orthodontic MIs 

- provide an optimum pitch of 1.5 x 8 mm MIs  
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Materials and methods 

 Miniscrew implants design and manufacture 

 Miniscrew implants were specifically designed in Solid Work program (Dassault Systèmes, Waltham, 

MA) keeping the length, diameter and thread design constant, except for the pitch (Figure 1). The length was 

8-mm long with a sharp and taper end point.  The threads of MSIs were a buttress reverse thread shape with 

45-degree leading and 90-degree trailing angle.  The major and minor diameter were 1.5 mm and 1 mm, 

respectively. The MIs, made of 316 medical grade stainless steel, were manufactured by a Computer Numerical 

Control (CNC) (C.C. Autopart Co Ltd, Chachoengsao, Thailand).  
 
 

 
 

Figure 1 Custom- made 1. 5 x 8 mm miniscrew implants with five different pitch:  from left to 

 right, 0.4-mm thread pitch; 0.6-mm thread pitch; 0.8-mm thread pitch; 1.0-mm thread  

 pitch; 1. 2-mm thread pitch. 

 

 Maximum insetion torque testing  

 Each miniscrew implant was placed in the a double-layer synthetic bone block (solid foam 

1522-03 laminated with 2-mm solid foam 1522-16; Sawbone®, Vashon, WA). The double-layer synthetics 

bone blocks were made of polyurethane of density 0.64 g/cm3 and epoxy glass of density 0.32 g/cm3 

to replicate the cortical layer and the trabecular layer, respectively. Each bone block was marked and 

inserted at the center. The MIT was measured with a torque reader screwdriver (MXITA; Zhejiang, China) 

(Figure 3) with a speed of 360 degree per second, constantly. The MIT reported in newton-centimeters 

(N.cm) at a precision of 0.1 N.cm  
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Figure 2  A double-layer synthetic bone block with a mark on the center 

 

 
 

Figure 3  Testing apparatus: a digital torque reader screwdriver with a holding guide 

 

To control the perpendicular orientation and to ensure the reproducibility, the MIT was 

measured using a custom-made holding guide (Figure 3). The holding guide was designed and 

manufactured with two components, a holder for a bone block and a holder for a digital torque reader 

screwdriver. A bone block was placed at the holder and locked to prevent the displacement and ensure 

the accuracy of the placement procedure. The screwdriver was placed in a roller and locked, allowing 

its rotation movement and its precise angulation. The insertion torque was measured while the 

miniscrew implant was inserted, the MIT was recorded when the last thread was inserted. 
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 Statistical analysis 

 Sample size was calculated from a previous study (Marco Migliorati et al., 2012). With power of 90% 

and α = 0.05, a minimum of 12 MIs was required for each pitch.  Confirming the normality of distribution and 

the equality of variances with Shapiro-Wilk’s test and Levene’s test were used. One-way analysis of variance 

(ANOVA)  and Tukey post-hoc tests were used to compare the results obtained from each pitch.  Statistical 

analyses were performed by using the SPSS software (SPSS for Mac, version 22.0; IBM, Chicago, IL) .  The level 

of significance was set at 0.05. 

   

Results 

 The means and the standard deviations of MIT are shown in Table 1. The MIT mean ranged 

from 7.89 ± 0.69 N.cm (1.0-mm pitch) to 13.2 ± 0.60 N.cm. (0.4-mm pitch) with a statistically significant 

difference between the pitches (F=124.5; p=0.000). The MIT between every pitch was statistically 

significant with p=0.000, p=0.000, p=0.015 and p=0.000 between 0.4-mm pitch and 0.6-mm pitch, 0.6-

mm pitch and 0.8-mm pitch, 0.8-mm pitch and 1.0-mm pitch, and 1.0-mm pitch and 1.2-mm pitch, 

respectively (Figure 4) The smaller pitch tended to have a greater MIT except for the 1.2-mm pitch which 

has higher MIT than 0.8-mm and 1.0-mm pitch.  
 

 
 

Figure 4  The effects of MI pitch on MIT 

 

Table 1  Means, standard deviations and coefficient of variation values of MIT 

 

 

 

 

 

 

 

 

Pitch (mm) 
MAXIMUM INSERTION TORQUE  

Mean (N.cm) SD (N.cm) CoV (%) 

0.4 13.2 0.60 4.56 

0.6 9.78 0.61 6.21 

0.8 8.73 0.56 6.45 

1.0 7.88 0.69 8.70 

1.2 9.52 0.65 6.82 
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Discussions 

 Besides the patient’s anatomy and the placement procedure, the design of miniscrew implants 

is essential in order to optimize its success. MIs designs could vary in its length, diameter, shaft design, 

surface treatment and thread design. Many of these factors have been well documented (Chen et al., 

2010; Holm et al., 2012; Lim et al., 2008; Wiechmann et al., 2007). To minimize the failure, MIs were 

designed based on those studies. The diameter and length (1.5 mm x 8 mm, respectively) of the MIs 

were chosen because of their optimum usage, i.e., to be able to be used in multiple areas such as inter-

radicular, infrazygomatic, palatal or buccal shelf areas. From a finite element, a 1.0-mm minor diameter 

was chosen because the study suggested that the minor diameter should be 0.68 of the major diameter 

(Chang et al., 2012). The buttress reverse thread shape thread design was chosen because this design 

had the greatest pullout strength among other designs (Gracco et al., 2012). The MI was designed with 

a sharp and tapered end point, therefore the MI had both self-drilling and self-tapping properties. All 

the MIs were successfully placed by a hand-operated screwdriver without a predrilled hole. The 

synthetic bone density were chosen by a previous study (Song et al., 2007).  

 To evaluate MI stability influenced by thread pitch variation, two important factors affected the 

results, the MIs design and the bone model (Brinley et al., 2009; Marco Migliorati et al., 2012; M. Migliorati 

et al., 2011). However, those factors were not completely controlled. Two of the studies determined the 

stability of MI pitch from different manufacturers which had variation in the MI design, not just the pitch 

variation alone (Marco Migliorati et al., 2012; M. Migliorati et al., 2011). Therefore, it was impossible to determine 

the pure effect of the thread pitch on the MIT. Only one study had a specifically manufactured the MI to 

evaluate the effect of the thread pitch alone (Brinley et al., 2009), but the MI was tested on the non-corticated 

synthetic bone blocks which is not a good model for human bone. In this study, the double-layer bone blocks 

were chosen to represent both cortical bone and trabecular layer human bone, also, to ensure the uniformity 

and reproducibility properties. By which, this study could isolate the effect of the thread pitch of the MIs on 

the MIT.  

 Maximum insertion torque is a standard measurement to evaluate miniscrew implants stability. To 

achieve the proper primary stability and clinical success, the clinician should choose an optimum MIT. Many 

studies have evaluated the optimum MIT, but the recommendations are variable (Mitsuru Motoyoshi et al., 

2006; M. Motoyoshi et al., 2007; R.A.M. Reynders et al., 2012; Suzuki et al., 2011). In those studies, the MIT 

ranged from 5 – 25 N.cm, and in the present study, MIT ranged from 6.90 – 14.0 N.cm. Too low MIT affects the 

retention, whereas too high MIT causes microdamage to the bone, followed by bone necrosis and eventual 

miniscrew failure. A clinical study, using 1.6-mm dia x 8-mm long MIs, recommended an optimum range of MIT 

of 5-10 N.cm (Mitsuru Motoyoshi et al., 2006). In the present study, the optimum MIT was found in 0.8-mm 

pitch and 1.0-mm pitch (8.73 ± 0.56 N.cm and 7.88 ± 0.69 N.cm, respectively). 

 Because thread pitch is the distance between the threads of the MIs, a fine pitch needs more turns 

to insert the MIs when compared with a coarse pitch. Furthermore, the finer the pitch, the more bone-to-
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implants surface which should lead to a higher MIT. Therefore, the results of the present study showed that 

the finer the pitch creates greater the MIT, which was statistically significant for all pitches except for the 1.2-

mm pitch which had significantly higher MIT than 0.8-mm and 1.0-mm pitch. A previous study showed the 

same tendency, even though the result was not statistically significant (Brinley et al., 2009). For the reverse 

tendency of 1.2 mm pitch, thread pitch might affect the self-drilling and self-tapping properties of the MIs. 

Therefore, too much distance between the threads of MIs could influence the MIT. 

 

Conclusions 

 Under the laboratory condition, using double-layer synthetic bone blocks and 1.5 mm dia x 8 

mm long, the maximum insertion torque increased with increasing pitch. 
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