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Abstract  

Background.Dental implants are utilized with an ever-increasing rate. One of the causes of abutment screw loosening has 

been identified as inadequate preload. The objective behind this study was to compare the maximum hand-generated torque 

for tightening abutment screws by professors and postgraduate dental students using a digital torquemeter with 0.1 N/cm 

precision. 

Methods.In a laboratory study conducted in Dental Implant Department of Faculty of Dentistry, Tabriz University of Med-

ical Sciences, the maximum hand-generated torque for tightening abutment screws by professors and postgraduate dental 

students was investigated, using a digital torquemeter with 0.1 N/cm precision. 

Results.The participants consisted of 36 (41.9%) females and 50 (58.1%) males, totaling 86 participants, of whom 45 

(46.87%) and 41 (53.13%) were university professors and postgraduate dental students, respectively. The mean age of the 

participants was 33.4±10.2 years with an age range of 25‒60 years; 50 (58.1%) participants were in the 25‒34-year, 23 

(26.7%) in the 35‒47-year, and 13 (15.1%) in the 48‒60-year age range. The mean age of professors and postgraduate den-

tal students was 41±8.3 and 25.1±3.3 years, respectively. The means of maximum torques generated by female and male 

professors were 14.3±3 and 20.8±4.2, respectively. The means of maximum torques generated by female and male post-

graduate dental students were 14.7±3.4 and 18.7±4.3, respectively. Statistical analyses showed no significant differences 

between the mean maximum torques generated by professors and postgraduate dental students (P=0.051). 

Conclusion. In the present study, the mean maximum torque generated by professors was higher than that generated by 

postgraduate dental students. However, the difference was not statistically significant. The mean maximum torque generated 

by male subjects was significantly higher. No interaction was seen between the studied groups and sex. However, there was 

a statistically significant difference between the mean maximum torques generated in different age ranges; i.e., the maxi-

mum torque generated in the 25‒34-year age range was lower than that in the other two age groups. Finally, the effect of 

age range on the mean maximum torque was similar in both groups. 
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Introduction 

urrently, there is widespread use of dental im-

plants1 and use of these implants in completely 

or partially edentulous patients has been associated 

with long-term clinical success.2 The success of den-

tal implants has a direct relationship with observa-

tion of proper surgical and prosthetic protocols.2 De-

spite the fact that dental implant treatments exhibit 

high success rates, prosthetic and surgical complica-

tions in implant-supported prostheses are not un-

common.3 These complications might include in-

traoperative problems, bone loss, peri-implantitis, 

esthetic and phonetic problems and finally the pros-

thetic biomechanical complications.4 Prosthetic 

complications might include veneer fractures, abut-

ment screw loosening, screw fracture, and fractures 

of the metallic framework and the implant itself,5,6 of 

which the abutment screw loosening is the most 

common and the most important problem.2-6 

Some of the etiologic factors for abutment screw 

loosening are insufficient preload, the improper posi-

tion of the implant, inappropriate occlusal profile or 

the anatomy of the crown, variations in the dimen-

sions of the hex, inappropriate adaptation of implant 

components, incorrect design of the screw, occlusal 

overload and inappropriate antirotationfeatures.7-9 

The recommended force for tightening of the abut-

ment screw is 20‒30 N/cm.2 Based on the results of 

various studies, individuals produce a wide range of 

torque, depending on their individual characteris-

tics.1-12 

Therefore, the present study was designed to deter-

mine and compare the maximum hand-generated 

torque for tightening of the abutment screw by pro-

fessors and undergraduate postgraduate dental stu-

dents in the Department of Prosthodontics, Tabriz 

Faculty of Dentistry. 

Methods 

In the present in vitro study, carried out in the De-

partment of Prosthodontics, Faculty of Dentistry, 

Tabriz University of Medical Sciences, the maxi-

mum hand-generated torque for tightening of abut-

ment screws by professors and postgraduate dental 

students was measured with the use of a digital tor-

quemeter (Iotron, TQ8800, Taiwan, Figure 1) accu-

rate to 0.1 N/cm.  

The subjects consisted of two groups, including pro-

fessors and the last-year undergraduate postgraduate 

dental students in the Department of Prosthodontics 

in 2014. 

All the professors and postgraduate dental students 

in the Department, a total of 86 subjects, were in-

cluded in this study. Subjects with deficiencies in 

their muscular system or defective upper extremities 

or wounds that prevented force application, and pro-

fessional athletes with hypertrophic muscles, were 

excluded from the study.  

To measure the torques, the implant screwdriver was 

connected to the digital torquemeter. Then the sub-

jects were asked to wear wet latex gloves (NR Latex, 

Powdered, NonsterilAmbidextraus)proportional to 

their hand size and apply torque to the implant 

screwdriver. The value displayed on the digital 

screen of the torquemeter (Digital Torque Wrench 

Lotron, TQ8800, Taiwan) was recorded. After each 

ten tests, the torquemeter was calibrated with the use 

of Biomet3itorquemeter. 

Data were analyzed with descriptive statistics and 

Mann-Whitney test and independent t-test using 

SPSS 21. 

Results 

A total of 36 subjects (41.9%) were female and 50 

(58.1%) were male. A total of 45 subjects (46.87%) 

were professors and 41(53.13%) were postgraduate 

dental students. In relation to age, 50 subjects 

(58.1%) were in the 25‒34-year age group, 23 

(26.7%) were in the 35‒47-year age group and 123 

(15.1%) were in the 48‒60-year age group (Table 1).  

Chi-squared test was used to evaluate the relation-

ship between gender and the study group. The results 

showed no such a relationship (P=0.093).  

Kolmogorov-Smirnov test was used to evaluate the 

normal distribution of the maximum torque; the re-

sults showed normal distribution of this variable. 

Therefore, the data were parametric (P=0.55). Tables 

2 and 3 present the maximum torques in the two 

study groups.  

The results of two-way ANOVA showed that: 

There were no significant differences in the means of 

C 

Table 1. The frequencies and percentages of the sub-

jects in terms of gender in the two study groups  

Group 
Frequency (percentage) 

Female Male 

Professors 15 (33.3) 30 (66.7) 

Postgraduate dental students 21 (51.2) 20 (48.8) 

 

Table 2. The means and standard deviations of maxi-

mum torques in terms of gender in the two study 

groups 

Group 
Mean (±SD) 

Female Male 

Professors 14.3 (±3) 20.8 (±4.2) 

Postgraduate dental students 14.7 (±3.4) 18.7 (±4.3) 

Total 14.5 (±3.2) 19.9 (±4.3) 
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maximum torquesgenerated between the two groups 

(professors and postgraduate dental students) 

(P>0.05).  

1. There was a significant difference in the means 

of maximum torques produced by males and fe-

males, with higher mean maximum torques pro-

duced by males (P<0.05; figure 2). There was no 

reciprocal effect between the study groups and 

the gender variable, i.e. the effect of gender on 

the maximum torque in both groups was the 

same (P>0.05).  

2. There were significant differences in the means 

of maximum torques produced between the dif-

ferent age groups (P<0.05; Figure 3). Post hoc 

Tukey tests were used to determine significant 

differences between the different age groups. 

The results of these tests are presented in Tables 

1‒3. There were significant differences in the 

means of maximum torques between the 25‒34-

year age group and the two other age groups, 

with lower maximum torques in the 25‒34-year 

age group compared to the two other age groups 

(P<0.05). There was no reciprocal effect be-

tween the age groups and the study groups, i.e. 

the effect of age group of the subjects on the 

means of maximum torques was the same in 

both groups (P>0.05).  

Discussion 

Abutment screw loosening is one of the most com-

mon postoperative complications in implant-

supported prosthetic treatments.15-17 The prevalence 

rates of screw loosening in single- and multi-unit 

restorations have been reported to be up to 12.7% 

and 6.7%, respectively.18-21 Such a problem can pose 

a major challenge for the clinician, especially in ce-

mented restorations, because in many cases it is not 

possible to remove the restoration intact; on the other 

hand, screw loosening can result in the application of 

extra-axial forces to the implant‒abutment interface, 

fracturing the screw.22-24 During application of tight-

ening torque, the screw increases in length and this 

tension state created in the screw is referred to as 

preload. Due to the elastic recoil properties, the 

screw has a tendency to return to the state without 

tension, which gives rise to a force that holds the 

abutment and the screw next to each other. Screw 

loosening occurs when the forces that have a tenden-

cy to separate the components from each other ex-

ceed the forces that have a tendency to keep the 

components next to each other and the preload creat-

ed within the screw.25,26 

For example, in a study by Kanawati et al2 on 50 

dentist sand postgraduate dental students the amount 

of torque ranged from 11 N/cm to 38 N/cm. A recent 

study showed that various reasons still prompt some 

dental practitioners to use hand instruments to tight-

en abutment screws.12 Therefore, if dental practition-

ers are to use hand instruments without using torque 

wrenches in different stages of prosthetic procedures 

of implant treatments, it is necessary for them to be 

aware of the amount of force they apply to tighten 

the abutment screw in order to avoid problems asso-

ciated with the fracture or loosening of the abutment 

screw.2,11 

In the present study, the means of maximum torques 

in male and female professors were 20.8±4.2 and 

14.3±3 N/cm, respectively. In addition, the means of 

maximum torques in male and female postgraduate 

dental students were 18.7±4.3 and 14.7±3.4 N/cm, 

respectively. Statistical analyses did not reveal any 

significant differences in the means of maximum 

torques between postgraduate dental students and 

professors.  

Nigro et al24 evaluated the torque necessary for loos-

ening the screws of two-piece zirconia abutments in 

dry and wet (artificial saliva) states and reported that 

the force necessary for loosening abutments whose 

inner implant threads were contaminated with artifi-

cial saliva were significantly higher than those in 

samples which had been tightened in a dry state. 

Table 3. The means and standard deviations of maxi-

mum torques in terms of age groups in the two study 

groups 

Group 
Mean (±SD) 

25‒34 35‒47 48‒60 

Professors 14.3 (±4.1) 18.8 (±3.7) 22 (±5.3) 

Postgraduate 

dental students 
16.4 (±4.3) 21.3 (±1.9) ‒ 

Total 15.9 (±4.1) 19 (±3.6) 22 (±5.3) 

 

Figure 1. The maximum hand-generated torque for 

tightening of abutment screws by professors and post-

graduate dental students was measured with the use of 

a digital torquemeter (Iotron, TQ8800, Taiwan) accu-

rate to 0.1 N/cm. 
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Saliba et al27 carried out a study to determine the 

torque necessary for loosening the abutment screw. 

In that study the abutment hexagons were removed 

and titanium cover screws with and without solid 

lubricant were used. The results showed significantly 

higher torque necessary for loosening of titanium 

cover screws with solid lubricant compared to the 

other type. Guda et al28 carried out a study using fi-

nite element method (FEM) and showed higher pre-

load in the abutment screw in the environment with 

the lubricant compared to the dry environment.  

Tzenakis et al29 showed that repeating the screw 

tightening procedure in the presence of saliva result-

ed in higher preload in the prosthetic screws. That 

study was carried out on screws that tightened pros-

theses, rather than the abutment tightening screws; in 

addition, gold screws were used, while at present the 

majority of tightening screws are made of titanium 

or its alloys. 

In the present study, the mean of the maximum tor-

ques in professors was higher than that in postgradu-

ate dental students; however, the difference was not 

statistically significant. The means of maximum tor-

ques in male subjects in both groups and in general 

were higher than those in female subjects. There was 

no reciprocal effect between the study groups and 

the gender variable, i.e. gender had a similar effect 

on the mean of maximum torques produced in both 

groups.  

The maximum torque in the 25‒34-year age group 

was less than those in the two other age groups. Age 

group of the subjects had a similar effect on the 

means of the maximum torques in both groups 

(P>0.05). 

Contrary to previous studies in which a hand torque 

meter accurate to 1.5 N/cm was used, in the present 

study a digital torque meter accurate to 0.1 N/cm 

was used. Since under loading during the abutment 

screw tightening was significant, it is suggested that 

torque meters be used for tightening abutment 

screws and educational and continuous education 

programs be held in dental schools. 

Conclusion  

In the present study, there were no significant differ-

ences in the means of maximum torques produced by 

 

Figure 3. The means of maximum torques in terms of age groups. 

 

Figure 2. The means of maximum torques in terms of gender. 
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professors and postgraduate dental students. The 

means of maximum torques in males were signifi-

cantly higher than those in females and gender had 

no significant effects on the study groups. The max-

imum torque in the 25‒34-year age group was less 

than that in the two other age groups.  

Acknowledgments 

The authors express special thanks to Ms. Solmaz Maleki 

Dizaj for her generous support. 

Authors’ contributions 

All authors made substantial contributions to the present 

study. FP, PF contributed to conception and design, acqui-

sition of data, analysis and interpretation of data; they 

were, moreover, involved in writing and editing the manu-

script. FM, SM, VP, JY were the major contributors in 

preparing and writing the manuscript. All authors have 

contributed to critical revision of the manuscript, and have 

read and approved the final version.  

Funding 

This study was a port of a thesis and research project 

(1511) supported and funded by Tabriz University of 

Medical Sciences.   

Competing interests  

The authors declare that they have no competing interests 

with regards to authorship and/or publication of this work. 

Ethics approval 

Not applicable. 

References 

1. Pow E, Leung K. Prosthodontic Complications in Dental 

Implant Therapy. Hong Kong Dental Journal. 2005,5(2), 

79-83.  

2. Kanawati A, Richards MW, Becker JJ, Monaco NE. Meas-

urement of clinicians' ability to hand torque dental implant 

components. The Journal of Oral Implantology.  

2009;35(4):185. doi:10.1563/1548-1336-35.4.185. 

3. Wu P, Yung W. Factors contributing to implant failure. 

Hong Kong Dental Journal.  2005, 2(1), 8-12.  

4. Yilmaz B, McGlumphy E. A technique to retrieve fractured 

implant screws. The Journal of Prosthetic Dentistry. 2011, 

105(2),137. doi:10.1016/S0022-3913(11)60015-2. 

5. Jung RE, Zembic A, Pjetursson BE, Zwahlen M, Thoma 

DS. Systematic review of the survival rate and the incidence 

of biological, technical, and aesthetic complications of sin-

gle crowns on implants reported in longitudinal studies with 

a mean follow-up of 5years. Clinical Oral Implants Re-

search 2012,2362(1). doi:10.1111/j.1600-

0501.2012.02547.x. 

6. Pjetursson BE, Thoma D, Jung R, Zwahlen M, Zembic A. 

A systematic review of 

the survival and complication rates of implant-

supported fixed dental prosthe-

ses (FDPs)after a mean observation period of 

at least 5 years. Clin Oral Implants Res 2012 Oct;23Suppl 

6:22-38. doi: 10.1111/j.1600-0501.2012.02546.x. 

7. Misch CE. Focus on: Implant Complications. Journal of 

Dentistry Today.  2013, 32(8),14. 

8. Montero J, Manzano G, Beltran D, Lynch CD, Suarez-

Garcia MJ, Castillo-Oyague R. Clinical evaluation of the 

incidence of prosthetic complications in implant crowns 

constructed with UCLA castable abutments. A cohort fol-

low-up study. Journal of Dentistry. 2012, 40(12), 

1081.doi:10.1016/j.jdent.2012.09.001. 

9. Wittneben JG, Buser D, Salvi GE, Burgin W, Hicklin S, 

Bragger U. Complication and failure rates with implant-

supported fixed dental prostheses and single crowns: a 10-

year retrospective study. Clinical Implant Dentistry and Re-

lated Research.  2014, 16(3), 356.doi:10.1111/cid.12066. 

10. Bayarchimeg D, Namgoong H, Kim BK ,Kim MD, Kim S, 

Kim TI, et al. Evaluation of the correlation between inser-

tion torque and primary stability of dental implants using a 

block bone test. Journal of Periodontal & Implant Science.  

2013, 43(1),30.doi: 10.5051/jpis.2013.43.1.30. 

11. Khayat PG, Arnal HM, Tourbah BI, Sennerby L. Clinical 

outcome of dental implants placed with high insertion tor-

ques (up to 176N.cm). Clinical implant dentistry and related 

research. 2013, 15(2), 227.doi:10.1111/j.1708-

8208.2011.00351.x.  

12. Hill EE, Phillips SM, Breeding LC. Implant abutment screw 

torque generated by general dentists using a hand driver in a 

limited access space simulating the mouth. The Journal of 

Oral Implantology. 2007, 33(5),277. doi:10.1563/1548-

1336(2007)33[277:IASTGB]2.0.CO;2. 

13. Balevi B. Implant-supported cantilevered fixed partial den-

tures. Evidence-based Dentistry. 2010, 

11(2),48.doi:10.1038/sj.ebd.6400721. 

14. Mish CE . Dental Implant Prosthetics, 2nd ed. Mosbey, US, 

PP33-35. 

15. Balshi TJ, Hernandez RE, Pryszlak MC, Rangert B. A com-

parative study of one implant versus two replacing a single 

molar. Int J Oral Maxillofac Implants 1996; 11(3): 372-8. 

16. Jemt T, Laney WR, Harris D, Henry PJ, Krogh PH Jr, 

Polizzi G, et al. Osseointegrated implants for single tooth 

replacement: A 1-year report from a multicenter prospective 

study. Int J Oral Maxillofac Implants 1991; 6(1): 29-36. 

17. Jemt T, Lekholm U, Gröndahl K. 3-year follow-up study of 

early single implant restorations ad modumBranemark. Int J 

PeriodontRestor Dent 1990; 10(5): 340-9. 

18. Jung RE, Pjetursson BE, Glauser R, Zembic A, Zwahlen M, 

Lang NP. A systematic review of the 5-year survival and 

complication rates of implant-supported single crowns. Cli-

nOral Implants Res 2008; 19(2):119-30.doi:10.1111/j.1600-

0501.2007.01453.x. 

19. Theoharidou A, Petridis HP, Tzannas K, Garefis P. Abut-

ment screw loosening in single-implant restorations: A sys-

tematic review. Int J Oral Maxillofac Implants 2008; 23(4): 

681-90. 

20. Jemt T, Johansson J. Implant treatment in the edentulous 

maxillae: A 15-year follow-up study on 76 consecutive pa-

tients provided with fixed prostheses. Clin Implant Dent 

Relat Res 2006; 8(2): 61-9.doi:10.1111/j.1708-

8208.2006.00003.x. 

21. Kreissl ME, Gerds T, Muche R, Heydecke G, Strub JR. 

Technical complications of implant-supported fixed partial 

dentures in partially edentulous cases after an average ob-

servation period of 5 years. Clin Oral Implants Res 

2007;18(6):720-6.doi:10.1111/j.1600-0501.2007.01414.x. 

22. Byrne D, Jacobs S, O’Connell B, Houston F, Claffey N. 

Preloads generated with repeated tightening in three types 

of screws used in dental implant assemblies. J Prosthodont 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Pjetursson%20BE%5BAuthor%5D&cauthor=true&cauthor_uid=23062125
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thoma%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23062125
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jung%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23062125
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zwahlen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23062125
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zembic%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23062125
http://www.ncbi.nlm.nih.gov/pubmed/23062125
https://doi.org/10.1563/1548-1336(2007)33%5b277:IASTGB%5d2.0.CO;2
https://doi.org/10.1563/1548-1336(2007)33%5b277:IASTGB%5d2.0.CO;2
https://doi.org/10.1111/j.1600-0501.2007.01453.x
https://doi.org/10.1111/j.1600-0501.2007.01453.x
https://doi.org/10.1111/j.1708-8208.2006.00003.x
https://doi.org/10.1111/j.1708-8208.2006.00003.x
https://doi.org/10.1111/j.1600-0501.2007.01414.x


Implant Abutment Maximum Hand-generated Torque    195 

JODDD, Vol. 12, No. 3 Summer 2018 

2006; 15(3): 164-71.doi:10.1111/j.1532-

849X.2006.00096.x. 

23. Yao KT, Kao HC, Cheng CK, Fang HW, Yip SW, Hsu ML. 

The effect of clockwise and counterclockwise twisting mo-

ments on abutment screw loosening. Clin Oral Implants Res 

2012; 23(10): 1181-6.doi:10.1111/j.1600-

0501.2011.02282.x. 

24. Nigro F, Sendyk CL, Francischone CE. Removal torque of 

zirconia abutment screws under dry and wet conditions. 

Braz Dent J 2010; 21(3): 225-8. 

25. Tsuge T, Hagiwara Y. Influence of lateral-oblique cyclic 

loading on abutment screw loosening of internal and exter-

nal hexagon implants. Dent Mater J 2009; 28(4): 373-81. 

26. Winkler S, Ring K, Ring JD, Boberick KG. Implant screw 

mechanics and the settling effect: Overview. J Oral Implan-

tol 2003;29(5):242-5.doi: 10.1563/1548-

1336(2003)029<0242:ISMATS>2.3.CO;2. 

27. Saliba FM, Cardoso M, Torres MF, Teixeira AC, Lourenço 

EJ, TellesDde M. A rationale method for evaluating un-

screwing torque values of prosthetic screws in dental im-

plants. J Appl Oral Sci 2011; 19(1): 63-7. 

28. Guda T, Ross TA, Lang LA, Millwater HR. Probabilistic 

analysis of preload in the abutment screw of a dental im-

plant complex. J Prosthet Dent 2008; 100(3):183-

93.doi:10.1016/S0022-3913(08)60177-8. 

29. Tzenakis GK, Nagy WW, Fournelle RA, Dhuru VB. The 

effect of repeated torque and salivary contamination on the 

preload of slotted gold implant prosthetic screws. J Prosthet 

Dent 2002; 88(2): 183-91. 

 

https://doi.org/10.1111/j.1532-849X.2006.00096.x
https://doi.org/10.1111/j.1532-849X.2006.00096.x
https://doi.org/10.1563/1548-1336(2003)029%3C0242:ISMATS%3E2.3.CO;2
https://doi.org/10.1563/1548-1336(2003)029%3C0242:ISMATS%3E2.3.CO;2
http://www.ncbi.nlm.nih.gov/pubmed?term=Saliba%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=21437472
http://www.ncbi.nlm.nih.gov/pubmed?term=Cardoso%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21437472
http://www.ncbi.nlm.nih.gov/pubmed?term=Torres%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=21437472
http://www.ncbi.nlm.nih.gov/pubmed?term=Teixeira%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=21437472
http://www.ncbi.nlm.nih.gov/pubmed?term=Louren%C3%A7o%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=21437472
http://www.ncbi.nlm.nih.gov/pubmed?term=Louren%C3%A7o%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=21437472
http://www.ncbi.nlm.nih.gov/pubmed?term=Telles%20Dde%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21437472
http://www.ncbi.nlm.nih.gov/pubmed?term=A%20rationale%20method%20for%20evaluating%20unscrewing
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Guda%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ross%20TA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lang%20LA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Millwater%20HR%22%5BAuthor%5D

