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Purpose

Implant stability at the time of surgery is crucial for the long-term success of dental implants. Primary stability is
considered of paramount importance to achieve osseointegration. The purpose of the present study was to
investigate the correlation between the insertion torque and primary stability of dental implants using artificial
bone blocks with different bone densities and compositions to mimic different circumstances that are
encountered in routine daily clinical settings. 

Methods

In order to validate the objectives, various sized holes were made in bone blocks with different bone densities
(#10, #20, #30, #40, and #50) using a surgical drill and insertion torque together with implant stability quotient
(ISQ) values that were measured using the Osstell Mentor. The experimental groups under evaluation were
subdivided into 5 subgroups according to the circumstances. 

Results

In group 1, the mean insertion torque and ISQ values increased as the density of the bone blocks increased.
For group 2, the mean insertion torque values decreased as the final drill size expanded, but this was not the
case for the ISQ values. 
The mean insertion torque values in group 3 increased with the thickness of the cortical bone, and the same
was true for the ISQ values. For group 4, the mean insertion torque values increased as the cancellous bone
density increased, but the correlation with the ISQ values was weak. 

Finally, in group 5, the mean insertion torque decreased as the final drill size increased, but the correlation with
the ISQ value was weak. 

No.
Average SD P-valuea)

Insertion torque(Ncm)
Correlation 

Bone density 0.00 0.00 CQ=0.82, P=0.00 

#10 5 3.9 0.36 32.4 2.93 

#20 5 16.2 2.59 52.5 0.74 

#30 5 41.0 3.94 60.0 0.70 

#40 5 90.8 7.15 65.6 0.56 

Table 1. Correlation between the insertion torque and implant stability according to the bone density.

Average SD P-valuea)

ISQ value

SD: standard deviation, ISQ: implant stability quotient, ANOVA: analysis of variance.   a) ANOVA

No.
Average SD P-valuea)

Insertion torque(Ncm)
Correlation 

Cortical bone thickness 0.00 0.00 CQ=0.84, P=0.00 

0.5 mm 5 9.20 1.63 54.4 1.34 

1.0 mm 5 12.0 1.58 55.7 1.68 

1.5 mm 5 24.8 2.86 57.9 0.51 

2.0 mm 5 25.4 3.97 57.9 0.45 

Table 3. Correlation between the insertion torque and implant stability according to the thickness of the cortical bone.

Average SD P-valuea)

Insertion torque(Ncm)

SD: standard deviation, ISQ: implant stability quotient, ANOVA: analysis of variance.   a) ANOVA

No.
Average SD P-valuea)

Insertion torque(Ncm)
Correlation 

Final drill diameter 0.00 0.00 CQ=-0.07, P=0.77 

Ø2.7 mm 5 39.2 2.77 52.1 0.85 

Ø3.0 mm 5 35.4 1.95 53.9 0.64 

Ø3.3 mm 5 26.0 2.00 54.4 1.64 

Ø3.6 mm 5 16.2 2.65 52.5 0.74 

Table 2. Correlation between the insertion torque and implant stability according to the final drill diameter.

Average SD P-valuea)

ISQ value

SD: standard deviation, ISQ: implant stability quotient, ANOVA: analysis of variance.   a) ANOVA
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Table 5. Correlation between the insertion torque and implant stability according to the final drill diameter with cortical bone.

No.
Average SD P-valuea)

Insertion torque(Ncm)
Correlation 

Final drill diameter  0.00 0.02 CQ=0.57, P=0.01 

Ø3.0 mm 5 36.4 4.04 58.9 1.33

Ø3.3 mm 5 32.8 5.97 58.7 0.58

Ø3.6 mm 5 24.8 2.86 58.0 1.48

Ø3.8 mm 5 16.2 2.17 56.8 1.33

Average SD P-valuea)

ISQ value

SD: standard deviation, ISQ: implant stability quotient, ANOVA: analysis of variance.   a) ANOVA

Fig. 3. Fig. 4.

Fig. 5.

Conclusions

Within the limitations of the study, it was concluded that primary stability does not simply depend on the
insertion torque, but also on the bone quality. 
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No.
Average SD P-valuea)

Insertion torque(Ncm)
Correlation 

Cancellous bone density 0.00 0.15 CQ=0.45, P=0.09 

#10 5 19.6 1.14 59.8 1.59 

#20 5 24.8 2.86 57.9 0.51 

#30 5 51.0 5.34 60.8 1.56 

Table 4. Correlation between the insertion torque and implant stability according to the cancellous bone density with cortical bone.

Average SD P-valuea)

ISQ value

SD: standard deviation, ISQ: implant stability quotient, ANOVA: analysis of variance.   a) ANOVA

ISQ value IT (Ncm)

ISQ value IT (Ncm)


