P P "y AP

7%
university of :/g// 7
groningen 5L

%

University Medical Center Groningen

University of Groningen

Reliability and accuracy of the torque applied to osteosynthesis screws by maxillofacial
surgeons and residents

Gareb, Barzi; van Munster, Valerie D.M.; Dijkstra, Pieter U. ; Bos, Ruud R.M.; Vissink, Arjan;
van Bakelen, Nico B.; van Minnen, Baucke

Published in:
Scientific Reports

DOI:
10.1038/s41598-022-18687-7

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2022

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):

Gareb, B., van Munster, V. D. M., Dijkstra, P. U., Bos, R. R. M., Vissink, A., van Bakelen, N. B., & van
Minnen, B. (2022). Reliability and accuracy of the torque applied to osteosynthesis screws by maxillofacial
surgeons and residents. Scientific Reports, 12, Article 14411. https://doi.org/10.1038/s41598-022-18687-7

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.


https://doi.org/10.1038/s41598-022-18687-7
https://research.rug.nl/en/publications/0ce519e5-92c5-422d-bab5-68cf981280f8
https://doi.org/10.1038/s41598-022-18687-7

www.nature.com/scientificreports

scientific reports

W) Check for updates

Reliability and accuracy
of the torque applied

to osteosynthesis screws
by maxillofacial surgeons
and residents

Barzi Gareb*’, Valerie D. M. van Munster*, Pieter U. Dijkstra'?, Ruud R. M. Bos?,
Arjan Vissink?, Nico B. van Bakelen! & Baucke van Minnen?

Applying the right torque to osteosynthesis screws is important for undisturbed bone healing. This
study aimed to compare test-retest and intra-individual reliabilities of the torque applied to 1.5 mm
and 2.0 mm osteosynthesis screws by residents and oral and maxillofacial surgeons (OMF-surgeons),
to define the reference torque intervals, and to compare reference torque interval compliances.

Five experienced OMF-surgeons and 20 residents, 5 of each 4 residency years, were included. Each
participant inserted six 1.5 x4 mm and six 2.0 x 6 mm screws into a preclinical model at two test
moments 2 weeks apart (T1 and T2). Participants were blinded for the applied torque. Descriptive
statistics, reference intervals, and intra-class correlation coefficients (ICC) were calculated. The OMF-
surgeons complied more to the reference intervals (1.5 mm screws: 95% and 2.0 mm screws: 100%)
than the residents (82% and 90%, respectively; P=0.009 and P =0.007) with the ICCs ranging between
0.85-0.95 and 0.45-0.97, respectively. The residents’ accuracy and reliability were inadequate
regarding the 1.5 mm screws but both measures improved at T2 for both screw types compared to
T1, indicating a learning effect. Training residents and/or verifying the applied torque by experienced
OMF-surgeons remains necessary to achieve high accuracy and reliability, particularly for 1.5 mm
screws.

Osteosynthesis screws are the most commonly used implants worldwide!. Titanium osteosynthesis systems are
important for maxillofacial traumatology, orthognathic surgery and reconstructive surgery*>*. The amount of
torque applied to the screws contributes to (primary) fracture or osteotomy stability by generating compres-
sion and friction between the osteosynthesis system and underlying bone**. Insufficient screw torque may lead
to mobility of bone segments, loosening of screws and disturbed fracture healing, especially on implementing
load-bearing osteosyntheses'. Applying excessive torque can cause loose screws due to bone stripping or screw
breakage®.

Currently, applying suitable torque to osteosynthesis screws is based on the surgeon’s “feeling”. Residents are
instructed to insert screws with sufficient torque while minimizing the chance of stripping the screw holes or
breaking the screws®. However, even experienced surgeons are not able to rely fully on their senses®™. A recent
systematic review showed that, on average, 26% of all inserted osteosynthesis screws are irreparably damaged or
have stripped screw holes, that the awareness of any stripping is poor, and that the variability between surgeons
is high'. The authors concluded that the optimum torque for different osteosynthesis screws remains unknown
and that future research should focus on defining reference torque intervals and developing methods to train
clinicians to apply osteosynthesis screws accurately and reliably'. Currently, there is no reference torque interval
(i.e., a minimum and maximum torque value for safe and adequate bone fixation) for maxillofacial osteosynthesis
screws. It is also unknown whether years of experience increases compliance with a predefined reference torque
interval (i.e., accuracy) and reliability in the application of osteosynthesis screws.
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Hanzeplein 1, 9713 GZ, P.O. Box 30001, 9700 RB, Groningen, The Netherlands. 2Department of Rehabilitation
Medicine, University Medical Center Groningen, University of Groningen, Groningen, The Netherlands. “email:
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Figure 1. Example of (a) a high-pressure laminate (HPL) block with 1 mm thickness used for the 1.5 mm
screws and (b) an HPL block with 6 mm thickness used for the 2.0 mm screws. Note that the screw goes through
the 1 mm thick HPL plate (a), i.e. simulating a screw that goes through thin cortical bone (e.g., the anterior wall
of the maxillary sinus) while the screw does not go through the 6 mm HPL block (b), i.e. simulating a bone
screw in cortical bone. (c) The test setup with a torque meter with an inserted HPL block. The HPL-block was
positioned in such a way that the screw hole of the HPL-block that was used to insert the screw was always
aligned with the axis of the torque meter to ensure accurate torque measurement.

To enable evidence-based, standardized, and reliable guidance in the application of osteosynthesis screws and
to illustrate a simple and low-cost setup to train clinicians, this study aimed to: (1) assess the test-retest and intra-
individual reliabilities of the torque applied by residents and experienced OMF-surgeons, (2) define a reference
torque interval for the commonly used 1.5 and 2.0 mm osteosynthesis screws and, (3) compare the compliance
with the reference torque interval between OMF-surgeons and residents with varying years of experience.

Materials and methods

The most commonly used titanium osteosynthesis screws in oral and maxillofacial (OMF)-surgery were selected,
i.e. the 1.5x4 mm and 2.0 x 6 mm KLS Martin MaxDrive® screws (Gebriider Martin GmbH & Co., Tuttlingen,
Germany)>*>!°. Predrilled 36 x 36 mm high-pressure laminate (HPL) blocks were chosen as a reproducible model,
with a similar elastic modulus as cortical bone!!~"*. Predrilling was performed in a standardized manner with
water cooling and using the 1.1 and 1.5 mm diameter drills provided by the manufacturer. To simulate the clinical
situation, the thickness of the HPL blocks used for the 1.5 mm screws was 1.0 mm as these screws are commonly
used in the midface where the bone is generally thin (e.g., the anterior wall of the maxillary sinus; Fig. 1a). The
HPL blocks used for the 2.0 mm screws were 6.0 mm thick as these screws are more commonly used in thick
cortical bone (e.g., in the mandible; Fig. 1b)!.

A total of 25 participants were included: five experienced OMF-surgeons (i.e., with many years’ weekly
exposure to these osteosynthesis systems in the clinic) and five randomly chosen residents from each of the four
residency years (i.e., a total of 20 residents) from University Medical Center Groningen (UMCG, Groningen,
the Netherlands) and the Amsterdam University Medical Centers (Amsterdam UMC, the Netherlands), namely
Academic Medical Center (AMC) and ‘Vrije Universiteit' Medical Center (VUmc). The participants were asked
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Figure 2. Flowchart of the study procedures to assess the test-retest (at T1 and T2) and intra-individual
reliability of the two main groups (i.e., oral and maxillofacial surgeons and residents) and the subgroups (i.e., the
different residency years; the dashed lines and lighter colour boxes). OMF oral and maxillofacial, # number of
participants, m number of measurements, T at baseline, T, after 2 weeks.

to insert 6 screws of each size as they would do in the clinic (‘two-finger tight’) at two test moments (T1 and T2)
two weeks apart (Fig. 2). The participants were blinded for the applied torque during both test moments. The burr
holes were irrigated with water while inserting the screws to simulate the clinical situation. Saline was avoided
to prevent possible corrosion of the test environment. The use of water instead of saline was not expected to
influence the test results'’. The applied torque was measured using a calibrated torque meter (Nemesis Howards
Torque Gauge, Smart MT-TH 50 sensor; accuracy 2.5 Nmm; Fig. 1c). Screw breakage and stripped screw holes
were recorded.

All the participants were asked for the amount of experience with osteosynthesis systems (also from other
disciplines, e.g. orthopaedics, traumatology) and, regarding the residents, the current internship and the number
of, and which, internships were completed during their residency.

All methods were carried out in accordance with relevant guidelines and regulations, including the Declara-
tion of Helsinki. The protocol of this study was approved by the Institutional Review Board of the University
Medical Center Groningen, the Netherlands. All participants provided written informed consent.

Sample size calculation. The number of screws of each screw size per participant and per test moment
(i.e., m=6) were derived from the international standard for mechanical testing of bone screws'®. The number of
included participants was based on an a priori performed sample size estimation (1) for group comparisons and
(2) to assess intra-individual reliability. The sample size calculation was based on data from a study that assessed
differences in the torque applied by 4 OMF-surgeons to 1.5 and 2.0 mm osteosynthesis screws'®. To provide
sufficient power for both the 2.0 and 1.5 mm osteosynthesis screws, the 1.5 mm screw values were used. Using
a=0.05, power = 0.8, effect size=0.78, and number of groups =5, resulted in a sample size of 25 participants (i.e.,
5 per group)'. Regarding the reliability analyses, an expected intra-class correlation coefficient (ICC) of 0.8, and
the number of repeated measurements, being 12 per screw size, also resulted in a sample size of 5 participants
per group'’. Therefore, five experienced OMF-surgeons and five randomly chosen residents from each of the
four residency years participated, inserting 6 screws of each screw size at two test moments (i.e., a total of 300
measurements per screw size).

Statistical analyses. All the data were calculated and presented separately for each screw size. The assump-
tions of normal distribution of continuous data were tested by examining Q-Q plots and histograms, and by per-
forming the Shapiro-Wilk test. Continuous data were presented as mean + standard deviation (SD) or median
(25th to 75th percentile, P,;-P;). Categorical data were reported in numbers and percentages.

Multilevel models were fitted using restricted maximum likelihood estimations that took into account vari-
ances between screws within one test moment of a certain participant, between participants within one test
moment, and between test moments. A linear multilevel model was fitted for continuous outcome data while
a logistic multilevel model was fitted for dichotomous outcome variables. Between-group comparisons (e.g.,
between OMEF-surgeons and residents) were performed using a type III analysis of variance (ANOVA) test.
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Residents

OMEF-surgeons (n=5) | All residents (n=20) | Firstyear(n=5) | Second year (n=5) | Third year (n=5) | Fourth year (n=5)
Gender, n (%)
Male 5(100%) 11 (55%) 4 (80%) 1(20%) 3(60%) 3 (60%)
Age, median (P25-P75) 45.0 (43.0-63.5) 33.0 (30.3-34.8) 30.0 (27.0-33.0) | 31.0 (27.0-32.0) 36.0 (32.5-38.5) 33.0 (32.0-35.5)
Medical center, n (%)
UMCG 5 (100%) 11 (55%) 3 (60%) 4 (80%) 2 (40%) 2 (40%)
Amsterdam UMC- AMC 0 7 (35%) 2 (40%) 1(20%) 3(60%) 1 (20%)
Amsterdam UMC- VUmc 0 2 (10%) 0 0 0 2 (40%)
Eé‘frifﬁzei;‘r’f}g;f;‘:;ymheﬁs systemsin | 14 6 (9.5-37.0) 1.8 (0.2-4.0)
Current internship, n (%)
Outpatient clinic 3 (15%) 3 (60%) 0 0 0
Dentoalveolar surgery 1 (5%) 1(20%) 0 0 0
Trauma surgery 4 (20%) 1(20%) 1(20%) 1(20%) 1(20%)
Orthognathic surgery NA 5 (25%) 0 0 3 (60%) 2 (40%)
Implantology 0 0 0 0 0
Oncology 6 (30%) 0 3 (60%) 1(20%) 2 (40%)
T™M] 1 (5%) 0 1 (20%) 0 0
Completed internships, n (%)
Outpatient clinic 14 (70%) 0 4 (80%) 5 (100%) 5(100%)
Dentoalveolar surgery 15 (75%) 1(20%) 4 (80%) 5 (100%) 5(100%)
Trauma surgery 11 (55%) 0 2 (40%) 4 (80%) 4 (80%)
Orthognathic Surgery NA 8 (40%) 0 1 (20%) 2 (40%) 3 (60%)
Implantology 9 (45%) 0 0 4 (80%) 5 (100%)
Oncology 7 (35%) 0 0 2 (40%) 3(60%)
T™]J 4(20%) 0 1 (20%) 1 (20%) 2 (40%)
?;;etre‘r‘:hr‘lpsj"mll%f‘}f‘(‘%fdemlc medical | 5 75/88 (85%) 6/6 (100%) 16/17 (94%) 24/28 (86%) 20/37 (78%)

Table 1. Characteristics of the included participants. Bold P-values represent statistically significant
differences. OMF-surgeons oral and maxillofacial surgeons, P,;—P75 25th to 75th percentile, UMCG University
Medical Center Groningen, AMC Academic Medical Center, VUmc ‘Vrije Universiteit' Medical Center, NA
not applicable, TM] temporomandibular joint. *Calculated by dividing the number of internships followed at
academic medical centres by the total number of internships.

The test-retest reliability at T}, the test-retest reliability at T, and the intra-individual reliability between T
and T, were assessed by calculating the ICC (absolute agreement using a two-way mixed model'”) with a 95%
confidence interval (CI) per group (Fig. 2). An ICC of <0.50, 0.50-0.75, 0.75-0.90, and > 0.90 was considered as
poor, moderate, good or excellent reliability, respectively'®. A lower limit of the 95% CI of ICC>0.70 was deemed
sufficient for research purposes'®. The ICC was calculated by dividing the variance components of the participants
and the interaction between the participants and the test moments by the total variance!”'*?. Bland-Altman
plots with limits of agreement were constructed to assess systematic measurement differences'’.

Due to the lack of a gold standard for osteosynthesis screw torque, the five experienced OMF-surgeons’ meas-
urements (m = 60 screws per screw size) were used to calculate the reference torque intervals for each screw size.
We first checked whether the assumption that OMF-surgeons apply osteosynthesis screws consistently was met
(i-e., the lower limit of the 95% CI of ICCiq.individual reliability = 0-70)- If this assumption was met, the 95% reference
intervals of each screw size were calculated based on the experienced OMF-surgeons’ multilevel model data.
Here, the variance components of the fixed and random effects were summed (i.e., the total variance), the degrees
of freedom were calculated based on the generalized Satterthwaite method (i.e., using the observed variances),
and applying the t-values corresponding to the degrees of freedom and a=0.05, as appropriate?'. The number
and percentage of measurements which complied with the reference intervals were calculated per group and
compared between groups.

P <0.05 (two-tailed) was considered statistically significant. The Bonferroni correction was applied to all the
pairwise comparisons to correct for multiple testing. All analyses were performed in R, version 4.0.5, using the
Ime4- and blandr-packages?*.

Results

Participants’ characteristics. Of the included participants, 16 (64%) were male (all the OMF-surgeons
and eleven residents (55%); Table 1). The median age (P,;-P;5) was 33.0 years (31.0-38.5; OMF-surgeons:
45.0 years (43.0-63.5); residents: 33.0 years (30.3-34.8)). The OMF-surgeons’ and residents’ experience with
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Residents
OMF-surgeons | Residents P-value* | Istyear 2nd year 3rd year 4th year P-value®
MaxDrive 1.5 mm screws, mean +SD (Nmm)
T1 100.5£9.0 92.4+24.6 0.004 | 104.0+17.6¢ 93.9+20.7¢ 96.8£20.0f. 74.9 £29.3%¢f <0.001
T2 101.1£17.2 92.4+16.1 0.011 92.2+15.4 94.1+7.7 93.4+20.7 90.0+18.0 0.775

MaxDrive 2.0 mm screws, mean+SD (Nmm)
T1 449.8 +88.9 314.2+84.0 <0.001 |343.9+66.2° |348.4+106.4° |310.5+61.4f |254.2+59.9%f <0.001
T2 413.5+107.4 330.7£69.9 <0.001 |331.6+£74.7% |405.7+38.9%% |311.5+51.8% |274.1+27.2%¢f <0.001

Table 2. The torque applied by experienced OMF-surgeons and residents at T1 and T2. The bold P-values
represent statistically significant differences. Each superscript denotes significant differences in the pairwise
comparisons (see P-values below): @’ is derived from the pairwise comparison between first- and second-year
residents, ‘b’ between first- and third-year residents, ‘c’ between first- and fourth-year residents, ‘d’ between
second- and third-year residents, ‘€’ between second- and fourth-year residents, and ‘f” between third- and
fourth-year residents. 1.5 mm screws at T1: *P=0.502; °P >0.999; °P <0.001; “P >0.999; °P = 0.008; ‘P =0.001.
1.5 mm screws at T2: non-significant differences between subgroups and, thus, no pairwise comparisons were
performed. 2.0 mm screws at T1: *P>0.999; P =0.551; P <0.001; 9P =0.335; °P < 0.001; ‘P =0.029. 2.0 mm
screws at T2: P <0.001; °P =0.790; P < 0.001; P < 0.001; °P < 0.001; P =0.034. SD standard deviation; OMF-
surgeons oral and maxillofacial surgeons. *Comparison between OMF-surgeons and residents. *Comparison
between the residency years.

a MaxDrive 1.5mm screws b MaxDrive 2.0mm screws
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Figure 3. The applied torque to (a) 1.5 mm and (b) 2.0 mm osteosynthesis screws at T1 and T2. The dotted
lines represent the limits of the calculated reference intervals based on the outcomes of the OMF-surgeons
accompanied by the corresponding values. Black dots and triangles represent mean values at T1 and T2,
respectively, with corresponding standard deviations. OMF oral and maxillofacial, T at baseline, T, after

2 weeks.

osteosynthesis systems was 14.8 (9.5-37.0) and 1.8 (0.2-4.0) years, respectively. Eighty-five per cent of the com-
pleted internships had been followed at an academic medical centre.

Torque to osteosynthesis screws. The OMF-surgeons applied 100.5+9.0 and 101.1+17.2 Nmm torque
to the 1.5 mm osteosynthesis screws at T1 and T2, respectively (Table 2, Fig. 3a). The residents applied 92.4+24.6
and 92.4+16.1 Nmm torque to the 1.5 mm osteosynthesis screws at T1 and T2, respectively. The torque applied
to the 1.5 mm screws by the residents at both test moments was significantly lower than that applied by the
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Residents

OMF-surgeons | Residents 1st year 2nd year 3rd year 4th year
MaxDrive 1.5 mm screws, ICC (95% CI)

Test-retest reliabil-

ity T1 0.85(0.53;0.99) | 0.95 (0.91;0.98) | 0.89 (0.65;0.99) | 0.83(0.36;0.98) | 0.96 (0.86;0.99) | 0.97 (0.90;0.99)

Test-retest reliabil-

ity T2 0.95 (0.83;0.99) | 0.91 (0.84;0.96) | 0.90 (0.67;0.99) | 0.90 (0.68;0.99) | 0.92 (0.71;0.99) | 0.96 (0.88;0.99)

Intra-individual reli-
ability (T1-T2)

MaxDrive 2.0 mm screws, ICC (95% CI)

0.93 (0.77;0.99) | 0.92 (0.85;0.96) | 0.45 (0.00;0.93) | 0.87 (0.61;0.99) | 0.92 (0.75;0.99) | 0.97 (0.90;0.99)

Test-retest reliabil-

ity T1 0.92 (0.73;0.99) | 0.96 (0.92;0.98) | 0.94 (0.98;0.99) | 0.83 (0.44;0.98) | 0.89 (0.62;0.99) | 0.86 (0.54;0.98)

Test-retest reliabil-

ity T2 0.94 (0.81;0.99) | 0.97 (0.94;0.99) | 0.96 (0.87;0.99) | 0.96 (0.87;0.99) | 0.97 (0.90;0.99) | 0.98 (0.93;0.99)

Intra-individual reli-

ability (T1.T2) 0.96 (0.89;0.99) | 0.96 (0.93;0.98) | 0.97 (0.90;0.99) | 0.92 (0.76;0.99) | 0.96 (0.87;0.99) | 0.92 (0.75;0.99)

Table 3. Test-retest reliability (at T1 and T2) and intra-individual reliability between T1 and T2. The bold
values indicate sufficient reliability (i.e., ICC>0.7). ICC intra-class correlation coefficient, 95% CI 95%
confidence interval, OMF-surgeons oral and maxillofacial surgeons.

a Bland-Altman plot b Bland-Altman plot
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Figure 4. Bland-Altman plots of the (a) 1.5 mm and (b) 2.0 mm osteosynthesis screws. The dotted lines
represent the lower and upper limits of agreement and the systematic difference accompanied by the
corresponding values. The 95% CI of the systematic difference of the 1.5 mm screws is — 7.4 to 8.7 Nmm, and
that of the 2.0 mm screws is — 30.5 to 18.7 Nmm. OMF oral and maxillofacial, CI confidence interval.

OME-surgeons. The torque applied by the fourth-year residents at T1 was significantly lower than the first-,
second- and third-year residents (Table 2).

The OMF-surgeons applied 449.8 +88.9 and 413.5+ 107.4 Nmm torque to the 2.0 mm osteosynthesis screws at
T1 and T2, respectively (Table 2, Fig. 3b). The residents applied 314.2+84.0 and 330.7 £ 69.9 Nmm torque to the
2.0 mm osteosynthesis screws at T1 and T2, respectively. The torque applied to the 2.0 mm screws by the residents
at both test moments was significantly lower than the torque applied by the OMF-surgeons. The torque applied
by the fourth-year residents at T1 and T2 was significantly lower than the first-, second- and third-year residents.

Test-retest and intra-individual reliability. The OMF-surgeons achieved moderate to good test-retest
and intra-individual reliability for the 1.5 mm screws (Table 3). The residents (i.e., as one group) achieved good
to excellent test-retest and intra-individual reliability for the 1.5 mm screws. The subgroup analysis showed
that the test-retest and the intra-individual reliability of the first- and second-year residents ranged from poor
to moderate. In contrast, the third- and fourth-year residents achieved moderate to good reliabilities (Table 3).
The Bland-Altman plot (Fig. 4a) demonstrated a systematic difference of 0.6 Nmm (limits of agreement (LOA)
38.9 to — 37.7 Nmm).

The OMF-surgeons achieved moderate to good test-retest and intra-individual reliability for the 2.0 mm
screws. The residents achieved excellent test-retest and intra-individual reliability for the 2.0 mm screws. The
subgroup analysis showed that the T, test-retest reliability of the second-, third-, and fourth-year residents ranged
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Residents

OMF-surgeons | Residents | P-value* | Istyear | 2nd year 3rdyear |4thyear | P-value®

MaxDrive 1.5 mm screws, n (%)

Reference interval compliance’ | 57 (95%) 195 (82%) | 0.009 54 (90%) | 55(92%)% | 43 (72%)¢ | 43 (72%)° | 0.002
Stripped screw holes 1(2%) 14 (6%) 0.319 0 (0%)* 10 (17%)> | 4 (7%) 0 (0%)° <0.001
Broken screws 0 (0%) 0 (0%) NA 0 (0%) 0 (0%) 0 (0%) 0 (0%) NA
MaxDrive 2.0 mm screws, n (%)

Reference interval compliance® | 60 (100%) 215 (90%) | 0.007 56 (93%) | 54 (90%) 56 (93%) 49 (82%) | 0.168
Stripped screw holes 1(2%) 0 (0%) 0.200 0 (0%) 0 (0%) 0 (0%) 0 (0%) NA
Broken screws 0 (0%) 0 (0%) NA 0 (0%) 0(0%) 0 (0%) 0 (0%) NA

Table 4. The compliance with the reference intervals and the number of complications during osteosynthesis
screw insertion. The bold P-values represent statistically significant differences. Each superscript denotes
significant differences in the pairwise comparisons (see P-values below): ‘@ is derived from the pairwise
comparison between first- and second-year residents, ‘b’ between first- and third-year residents, ‘’ between
first- and fourth-year residents, ‘d’ between second- and third-year residents, ‘¢’ between second- and fourth-
year residents, and ‘f” between third- and fourth-year residents. 1.5 mm screw reference interval compliance:
%P >0.999; °P =0.064; °P =0.064; ‘P =0.028; P =0.028; ‘P > 0.999; stripped screw holes, *P=0.008; P =0.712;
P =NA; P=0.920; P =0.008; 'P = 0.712; broken screws: NA. 2.0 mm screw reference interval compliance:
non-significant differences between subgroups and, thus, no pairwise comparisons were performed; stripped
screw holes: NA; broken screws: NA. *Comparison between OMF-surgeons and residents. “Comparison
between the residency years. "Reference interval 1.5 mm screws: 73.7-127.9 Nmm. *Reference interval 2.0 mm
screws: 233.9-629.5 Nmm. OMF-surgeons oral and maxillofacial surgeons, NA not applicable.

from poor to moderate. However, the T, test-retest reliability and intra-individual reliability of these subgroups
increased to good—excellent reliability (Table 3). The Bland-Altman plot (Fig. 4b) showed a systematic difference
of -5.9 Nmm (LOA 110.8 to — 122.7Nmm).

Reference intervals and complications. Since the assumptions that OMF-surgeons apply osteosynthe-
sis screws consistently were met for both the 1.5 and 2.0 mm osteosynthesis screws, reference intervals for both
screw sizes could be calculated ranging from 73.7 to 127.9 Nmm for the 1.5 mm screws (Fig. 3a) and from 233.9
to 629.5 Nmm for the 2.0 mm screws (Fig. 3b).

The OMF-surgeons’ compliance with the reference torque interval for the 1.5 mm screws was 57 (95%)
whereas the residents’ compliance was 195 (82%) (P =0.009; Table 4; Fig. 3a). The first- and second-year residents
complied with the reference interval significantly more often than the third- and fourth-year residents (Table 4).
The compliance to the reference interval increased from 82% at T1 to 86% at T2. Screw hole stripping with the
1.5 mm screws was similar among the OMF-surgeons and residents (Table 4). The second-year residents had
the highest proportion of stripped screw holes (17%).

The OMF-surgeons complied with the reference torque interval on applying all the 2.0 mm screws (Table 4;
Fig. 3b). The residents’ compliance with the 2.0 mm screw reference interval was 215 (90%) (P =0.007; Table 4;
Fig. 3b). Compliance with the 2.0 mm screw reference interval was similar among all the residents (Table 4). The
reference interval compliance increased from 88% at T1 to 95% at T2. The OMF-surgeons and residents’ screw
hole stripping with the 2.0 mm screws was similar.

Discussion

This study shows a clear effect of “learning-by-doing’, with increased compliance to the reference torque intervals
and reliability for both 1.5 and 2.0 mm osteosynthesis screws at T2 compared to T1. The senior residents showed
higher reliability but lower compliance with the reference torque interval compared to the junior residents. Thus,
despite the residency year, it is still necessary to train residents and/or to verify the applied torque by experienced
OME-surgeons remains necessary to utilize the full potential osteosynthesis systems.

A simulated learning environment is very suitable for acquiring the “feeling” of adequate screw fixation with
sufficient tightness and when a screw hole will strip. This study shows that learning-by-doing increases both
the test-retest reliability and compliance with the reference torque intervals for both 1.5 and 2.0 mm screws.
Although first- and second-year residents showed an increase in reliability with the 1.5 mm screws at T2 com-
pared to T1, these reliabilities were still insufficient at T2 (i.e. ICC<0.7). All the other groups with insufficient
applied torque reliability at T1 increased their reliability to a sufficient level at T2. These results indicate that this
test setup has a learning effect on OMF clinicians resulting in increased reliability and accuracy for both screw
types. Since bone stripping and screw breakage are more likely to occur when the difference between the torque
applied to the screws for adequate fixation (i.e., hand-tight) and the maximum allowed torque (i.e., torque up
to screw breakage) is small*® as well as that this setup can increase both accuracy and reliability of the applied
torque, this setup is appropriate for educational purposes.

At first glance, the calculated reference intervals for both screw sizes may seem wide. The reference intervals
are wide because the dispersion around the mean torque applied by the maxillofacial surgeons (i.e., the standard
deviation and, thus, the variance) is relatively large. The high variability of torque applied to osteosynthesis screws
between surgeons has also been reported in literature previously'. However, as each surgeon applied the torque

Scientific Reports |

(2022) 12:14411 | https://doi.org/10.1038/s41598-022-18687-7 nature portfolio



www.nature.com/scientificreports/

consistently (i.e., the intra-individual reliability was good to excellent) and there were no signs of systematic dif-
ference between T1 and T2 in the Bland-Altman plots, the measured variability between surgeons is, thus, part
of the actual application of screws. Due to the higher maximum torque needed to adequately insert the 2.0 mm
screws, which in turn inevitably results in a loss in precision'®, the reference interval of the 2.0 mm screws is
much wider than that of the 1.5 mm screws.

The reliability and compliance with the 2.0 mm screw reference torque interval were generally better than
the 1.5 mm screws as the latter are more prone to errors (i.e., too little or much applied torque). An explanation
for these differences is that the tactile feedback is higher when applying 2.0 mm screws"'¢, as shown by other
studies that increasing tactile or visual feedback results in increased accuracy and the ability to predict screw hole
stripping'. Therefore, complying with the 1.5 mm screw reference interval requires a higher degree of accuracy.
Thus, although training is beneficial for both screw sizes, training of the applied torque to 1.5 mm screws is, in
particular, needed.

Our study shows that this combination of compliance with the reference interval and residents’ intra-individ-
ual reliability is currently inadequate for 1.5 mm screws. Although the first- and second-year residents showed
higher compliance with the reference interval, the intra-individual reliability of both subgroups was poor and
moderate, respectively. The third- and fourth-year residents demonstrated good intra-individual reliability but
poorer compliance with the reference interval. On the other hand, regarding the 2.0 mm osteosynthesis screws,
the first-, second- and third-year residents had good intra-individual reliability and high compliance with the
reference interval. The fourth-year residents displayed good intra-individual reliability but applied too little
torque to a substantial proportion of the screws. A post hoc analysis of the fourth-year residents’ insertions
showed that the torque of 10/17 (59%) of the 1.5 mm and 7/11 (64%) of the 2.0 mm screws was insufficient. A
recent review also showed substantial between-surgeon variability in the application of osteosynthesis screws!.
Therefore, regardless of the residency year, training residents (e.g., by using this test setup) and/or verification
of the applied torque by experienced OMF-surgeons remains necessary when applying osteosynthesis systems.

Stripping of the screw holes only occurred on inserting the 1.5 mm screws. Interestingly, the second-year
residents showed the highest proportion of stripped screw holes but with the highest compliance with the 1.5 mm
reference interval. An explanation is that this was caused by the self-tapping technique for osteosynthesis screws,
i.e. tightening the screws by clockwise rotation, followed by loosening the screws a bit by rotating anti-clockwise
and then tightening the screws further. This technique is necessary to lower the torsional resistance when apply-
ing osteosynthesis screws as well as to remove debris that is formed on self-tapping the screw holes. However,
when this technique is executed too forcefully, the screw holes get stripped without having applied excess torque!.
All the (sub)groups’ stripping rates remained lower compared to the average stripping rate (26%) reported in the
literature’, probably because the screws used in this study were smaller, necessitating less torque.

The calculated reference intervals and the reported learning effect indicate that training clinicians (e.g., during
the residency period, seminars or courses) with this simple, yet effective test setup has the potential to improve
the effectivity of osteosynthesis systems. This has the potential to enhance patient care quality by increasing frac-
ture or osteotomy stability, resulting in less compromised healing, and reducing the need for emergency screws
following the stripping of bone intraoperatively, with a corresponding reduction in operation time and costs.

The osteosynthesis screws included in this study are used for fixating fractures and osteotomies in different
locations of the facial skeleton, e.g., the crista zygomaticoalveolaris, anterior wall of the maxillary sinus, and
mandible. These maxillofacial bones have different mechanical properties'>'***?”. The HPL-blocks used in this
study have mechanical properties within the known mechanical property range of maxillary and mandibular
bones'!, making them a suitable bone simulation model. However, the translation of the reference intervals to
the clinical setting remains uncertain due to in vivo variabilities in bone density and thickness. Therefore, we
advocate that translation of the reference intervals to a clinical setting should not be done until in vivo validation
of the calculated reference intervals has been performed.

Although this study focused on maxillofacial osteosynthesis systems, the results of this study also seem
applicable to other disciplines that use osteosynthesis systems, e.g., orthopaedic and trauma surgery. A recent
systematic review showed that, on average, 26% of all inserted osteosynthesis screws by experienced orthopaedic
and trauma surgeons are irreparably damaged or have stripped screw holes!. Currently, it remains unknown how
residents of these disciplines perform. The authors of that review indicated that there is a need for defining refer-
ence torque intervals and that future research should focus on developing methods to train clinicians to apply
osteosynthesis screws accurately and reliably'. The test setup presented in this study can be easily adjusted by
using a different torque meter (i.e., that can measure higher torque for larger screws) and different HPL-blocks,
making this test setup useful for educational purposes with different sizes of osteosynthesis systems.

The strengths of this study are the simple, effective and standardized test setup, blinding all the participants
to the applied torque, and the thorough study design (i.e., test-retest reliability at T| and T,, and intra-individual
reliability between T, and T,). The presented low-cost test setup can be easily fabricated for educational purposes.
Furthermore, commonly used osteosynthesis screws were applied to a standardized bone model. A limitation
of this study is that, although we used a suitable bone simulation model, translation of the reference intervals to
the clinical setting remains uncertain due to in vivo variabilities in bone density and thickness. Moreover, bone
blocks were not used because the variability in bone mineral density, cortical and spongious bone layer thickness,
and block dimensions impede their use as a standardized and reproducible model since reliability assessment
is then uncertain. Another limitation is the lack of a gold standard for torques applied to screws. We, therefore,
determined reference intervals based on the torque values of experienced OMF-surgeons. The participating
surgeons have many years of experience with osteosynthesis systems in the clinic. However, another group of
OME-surgeons might have given other reference intervals. External validation of the defined reference intervals
by future research is therefore desired. Finally, since the error of the torque meter is a fixed absolute value (i.e.,
2.5 Nmm), the relative error increases as the measured torque decreases. However, this study aimed to assess
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and compare the reliability and accuracy of maxillofacial surgeons and residents as well as to provide a simple
and low-cost, yet effective, setup that can be used to train residents to increase the reliability and accuracy of
the torque applied to osteosynthesis screws. The results show that the used torque meter can measure with suf-
ficient accuracy and precision to assess the reliability, accuracy and learning-effect over time, and, thus, suits
the aims of this study.

Conclusions

This study shows a learning effect on using a simple and low-cost, yet effective, setup resulting in increased
compliance with the reference torque intervals and reliability regarding both 1.5 mm and 2.0 mm osteosynthe-
sis screws. Senior residents showed higher reliability but lower compliance with the reference torque intervals
compared to junior residents. The combination of high accuracy and reliability by residents was insufficient for
1.5 mm screws. Thus, despite the residency year, training and/or verification of the applied torque by experienced
OME-surgeons is still necessary for residents to utilize osteosynthesis systems to their fullest potential.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.

Received: 30 August 2021; Accepted: 17 August 2022
Published online: 24 August 2022

References
1. Fletcher, J. W. A. et al. Surgical performance when inserting non-locking screws: A systematic review. EFORT Open Rev. 5,26-36
(2020).
2. Gareb, B. et al. Biodegradable versus titanium osteosyntheses in maxillofacial traumatology: a systematic review with meta-analysis
and trial sequential analysis. Int. J. Oral Maxillofac. Surg. 49, 914-931 (2020).
3. Gareb, B. et al. Efficacy and morbidity of biodegradable versus titanium osteosyntheses in orthognathic surgery: A systematic
review with meta-analysis and trial sequential analysis. Eur. J. Oral Sci. 29, 12800 (2021).
4. Boudreau, B. et al. Effect of screw insertion torque on mechanical properties of four locking systems. Vet Surg. 42, 535-543 (2013).
5. West, G. H. et al. Treatment outcomes with the use of maxillomandibular fixation screws in the management of mandible fractures.
J. Oral Maxillofac. Surg. 72, 112-120 (2014).
6. Acker, W. B. et al. Two-finger tightness: What is it? Measuring torque and reproducibility in a simulated model. J. Orthop. Trauma
30,273-277 (2016).
7. Stiehler, M. et al. Effect of surgical experience on imageless computer-assisted femoral component positioning in hip resurfacing:
A preclinical study. Eur. J. Med. Res. 20, 1-10 (2015).
8. Goswami, M. M., Kumar, M., Vats, A. & Bansal (Retd), B. A. S. Evaluation of Dental IMPLANT insertion torque using a manual
Ratchet. Med. J. Armed Forces India 71, S327-S332 (2015).
9. Dincer Kose, O. et al. In vitro evaluation of manual torque values applied to implant-abutment complex by different clinicians and
abutment screw loosening. Biomed Res. Int. 2017, (2017).
10. Gareb, B. et al. Comparison of the mechanical properties of biodegradable and titanium osteosynthesis systems used in oral and
macxillofacial surgery. Sci. Rep. 10, (2020).
11. ICDLL Technical characteristics and physical properties of HPL. (2015).
12. Lettry, S., Seedhom, B., Berry, E. & Cuppone, M. Quality assessment of the cortical bone of the human mandible. Bone 32, 35-44
(2003).
13. Schwartz-Dabney, C. L. & Dechow, P. C. Variations in cortical material properties throughout the human dentate mandible. Am.
J. Phys. Anthropol. 120, 252-277 (2003).
14. Ono, A., Motoyoshi, M. & Shimizu, N. Cortical bone thickness in the buccal posterior region for orthodontic mini-implants. Int.
J. Oral Maxillofac. Surg. 37, 334-340 (2008).
15. ASTM International. ASTM F543-17, Standard Specification and Test Methods for Metallic Medical Bone Screws. West Consho-
hocken, PA (2017).
16. Buijs, G. J., van der Houwen, E. B., Stegenga, B., Bos, R. R. M. & Verkerke, G. J. Torsion strength of biodegradable and titanium
screws: A comparison. J. Oral Maxillofac. Surg. 65,2142-2147 (2007).
17. de Vet, H. C. W, Terwee, C. B., Mokkink, L. B. & Knol, D. L. Measurement in Medicine: A Practical Guide. (Cambridge University
Press, 2011).
18. Nunnally, J. C. & Bernstein, I. H. Psychometric Theory. (McGraw-Hill, 1978).
19. Van der Elst, W., Molenberghs, G., Hilgers, R. D., Verbeke, G. & Heussen, N. Estimating the reliability of repeatedly measured
endpoints based on linear mixed-effects models A tutorial. Pharm. Stat. 15, 486-493 (2016).
20. Demetrashvili, N., Wit, E. C. & Van Den Heuvel, E. R. Confidence intervals for intraclass correlation coefficients in variance
components models. Stat. Methods Med. Res. 25, 2359-2376 (2016).
21. Francq, B. G,, Lin, D. & Hoyer, W. Confidence, prediction, and tolerance in linear mixed models. Stat. Med. https://doi.org/10.
1002/sim.8386 (2019).
22. R Core Team (2020). R: A language and environment for statistical computing. https://www.r-project.org/ (2020).
23. Bates, D., Midchler, M., Bolker, B. M. & Walker, S. C. Fitting linear mixed-effects models using Ime4. J. Stat. Softw. 67, 1-48 (2015).
24. Datta, D. blandr: A Bland-Altman method comparison package for R. Zenodo https://doi.org/10.5281/zenodo.824514 (2017).
25. Gareb, B., Bakelen, N. B. Van, Vissink, A., Bos, R. R. M. & Minnen, B. Van. Titanium or biodegradable osteosynthesis in maxil-
lofacial surgery? In vitro and in vivo performances. Polymers (Basel). 14, 2782 (2022).
26. Peterson, J., Wang, Q. & Dechow, P. C. Material properties of the dentate maxilla. Anat. Rec. Part A Discov. Mol. Cell. Evol. Biol.
288A, 962-972 (2006).
27. Odin, G,, Savoldelli, C., Bouchard, P. O. & Tillier, Y. Determination of Young’s modulus of mandibular bone using inverse analysis.
Med. Eng. Phys. 32, 630-637 (2010).

Acknowledgements

The authors would like to thank all the participants of the UMCG and Amsterdam UMC, locations AMC and
VUmg, for inserting the osteosynthesis screws. Furthermore, the authors would also like to thank B.J. Merema,
BEng, mechanical engineer and 3D design expert, for the test setup drawings.

Scientific Reports |

(2022) 12:14411 | https://doi.org/10.1038/s41598-022-18687-7 nature portfolio


https://doi.org/10.1002/sim.8386
https://doi.org/10.1002/sim.8386
https://www.r-project.org/
https://doi.org/10.5281/zenodo.824514

www.nature.com/scientificreports/

Author contributions

Conceived study design: B.G., RR.M.B., A.V,, N.B.v.B,, B.v.M.; acquisition and dataset analyses: B.G., V.D.v.M.,
P.U.D,; interpretation of data: B.G., V.D.v.M., PU.D,, R.R.M.B., A.V,, N.B.v.B., B.v.M.; drafted the work: B.G.;
substantively revised the manuscript: V.D.v.M., PU.D., RR.M.B,, A.V,, N.B.v.B,, B.v.M.. All authors approved the
submitted version of the manuscript, have agreed to be personally accountable for the author’s contributions,
and ensure that questions related to the accuracy and integrity will be appropriately investigated.

Funding
This study was funded by two unrestricted research grants: the Strasbourg Osteosynthesis Research Group
(SORG) research grant and the BOOA research grant from the Dutch Society of Oral and Maxillofacial Surgery
(NVMKA).

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to B.G.

Reprints and permissions information is available at www.nature.com/reprints.

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

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:14411 | https://doi.org/10.1038/s41598-022-18687-7 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Reliability and accuracy of the torque applied to osteosynthesis screws by maxillofacial surgeons and residents
	Materials and methods
	Sample size calculation. 
	Statistical analyses. 

	Results
	Participants’ characteristics. 
	Torque to osteosynthesis screws. 
	Test–retest and intra-individual reliability. 
	Reference intervals and complications. 

	Discussion
	Conclusions
	References
	Acknowledgements


