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Introduction: Female surgeons typically have smaller hands, report negative perceptions, and experience pain and
discomfort related to instrument design. The aims of this study were to determine whether orthopaedic surgeons receive
teaching on power-tool handling, identify power-tool grips used, evaluate whether grip strength and hand anthropometrics
influence grip choice, and examine the impact of sex on power tool perceptions.

Methods: Orthopaedic surgeons (residents and attendings) were surveyed on their power tool perceptions and teaching
methods. An objective assessment was carried out which included the categorization of power tool grips, measurement of
grip strength, and anthropometric measurements of the hand.

Results: Forty-six orthopaedic surgeons (12 female, 34 male) were recruited with a response rate of 96%. No ortho-
paedic surgeon reported formal teaching on power tool handling. Female surgeons reported more negative experiences
using the wire driver and drill. Participants demonstrated 2 variations in power tool posture, with an equal split, deter-
mined by the index finger position on either the top or bottom trigger. The index finger bottom position was associated with
reduced grip strength, female sex, and smaller hand and palm length compared with the index finger top position.
Conclusion: Surgeons with smaller hands or lower grip strength, particularly females, were more likely to use an index finger
supported grip, likely as a compensatory strategy. There is the need for early training in power-tool ergonomics and grip techniques,
as well as grip strengthening initiatives. The current one-size-fits-all approach is inadequate; manufacturers should ensure designs
accommodate a wide range of hand sizes, accounting for palm length and overall hand length, to accommodate all users.

Introduction
t is estimated 15 to 26% of orthopaedic surgeons in North
America and UK training programs are female, and this
number continues to rise with an increasingly diverse work-
force'™. Female surgeons typically have smaller hand sizes, and

report negative perceptions as well as experiencing pain and
discomfort related to instrument design; these issues have been
frequently described in general surgery™*.

A drill and wire driver are arguably 2 of the most important
tools used within modern orthopaedic surgery; however, when
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surveyed, resident orthopaedic surgeons with small hands
reported having difficulty using a wire driver’. Furthermore,
in simulated laparoscopic general surgery, it has been shown
that appropriately sized instrument handles can improve
surgical performance®. In orthopaedic power tool design, a
one-size-fits-all approach remains standard practice, although
smaller designed power does exist in extremity surgery.

This is the first study that combines orthopaedic sur-
geons’ power tool grips, perceptions, grip strength, and an-
thropometric data. This provides valuable information to
industry when considering power tool design and identifies
topics that should be incorporated into orthopaedic training
and education. As the orthopaedic workforce continues to
diversify, it is important to understand these challenges that are
encountered, so solutions can be developed to overcome them.

The aims of this descriptive epidemiological study were
to describe training in power-tool handling among orthopae-
dic surgeons, characterize power-tool grips used in clinical
practice, and describe patterns of grip choice in relation to grip
strength and hand anthropometry. This is in conjunction
with a qualitative study to explore the perceived impact of sex
on power-tool use and perceptions.

Methods
Study Design

his study recruited orthopaedic surgeons (residents and/or

attendings) across 2 regional teaching days (educational
days comprising lectures and practical workshops, held for
orthopaedic residents, delivered by orthopaedic attendings).
Those who had registered for the teaching day or were faculty
were sent participant information through email. On the day,
written consent was obtained and data were pseudoanony-
mized with a participant ID linking the different parts of the
study. Ethical approval was obtained from the Research Gov-
ernance and Integrity team at the host institution. If partici-
pants were not fit to operate due to illness or injury at the time
of data collection, they were excluded.

The initial part of the study was a subjective assessment, a
survey examining perceptions of power tools in practice and
teaching methods, and an objective assessment of power tool
handling, grip strength, and hand size.

Electronic Survey

An electronic survey was developed following consultation
with industry experts and orthopaedic surgeons; it was tested
on a pilot group of 7 orthopaedic surgeons (3 female, 4 male).
Feedback and discussion between the pilot participants and
the research team brought refinement of question wording,
removal of ambiguous items, and improvement of overall
usability. Following this, “straining” was defined as experi-
encing discomfort, pain, fatigue, or stiffness in 1 or more fin-
gers during or after the task.

The survey was reported in accordance with the Checklist
for Reporting Results of Internet E-Surveys guidelines for web-
based surveys’. The survey was completed using Qualtrics.
Demographic data including sex, age, hand dominance, and
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glove size were collected. Participants then answered questions
on perceptions of drill and wire driver design and teaching
methods. Responses were measured using a 5-point Likert
scale, with response anchors adapted to match the wording of
each question.

Handling a Power Tool

Participants were asked to pick up an orthopaedic drill (battery
powered, cordless) and wire driver (Traumadrive, De Soutter
Medical Ltd) in the manner they would use in the operating
theater. Their grip was photographed and categorized in rela-
tion to the position of the index finger. For the wire driver, the
number of fingers around the wire driver was also recorded.
The wire driver was connected to the same handpiece as the
drill with the same dimensions (hand length and battery
weight) and torque. The center of mass of both devices lies
within the hand piece. The grip categories were “index finger
top” and “index finger bottom” and were chosen as the index
finger commonly controls the trigger'. The top trigger was
reverse, and the bottom trigger was forward; these could not
be customized. The positions are described in the results and
are as shown in Figures 1 and 2.

Grip Strength

Grip strength was assessed following the clinical guidelines of
the American Society of Hand Therapists''. Grip strength was
measured using an electronic handgrip dynamometer (Bio-
metrics Ltd. Fig. 3). Measurements were taken from the
dominant hand. The maximum value from 3 trials was re-
corded in keeping with published protocols®.

Anthropometric Measurements

Photographs were taken of the dorsal aspect of the dominant
hand of each participant against a background containing
registration marks. Photographs were taken with an open and
closed span. Landmarks on the hand were digitized on the
electronic images, and hand span, palm length, and hand length
were calculated using MATLAB (The Mathworks USA)®.

Statistical Analysis
Given the descriptive epidemiological nature of the study, all
analyses were conducted as post hoc exploratory analyses. The
survey response rate was determined by dividing the number of
participants who completed the study by the total number of
attendees at the teaching day. Responses from the survey are
reported descriptively. Demographic data are presented in
frequencies and percentages if categorical. If continuous, data
are reported as means and standard deviations or medians
and ranges, depending on the spread. A Shapiro-Wilk test was
carried out to determine this. Associations between sex and
demographic data were analyzed using the Mann-Whitney U
test for continuous variables and the x? test for categorical
variables.

The dynamometric and anthropometric data are pre-
sented descriptively. A subgroup analysis comparing dyna-
mometric and anthropometric data according to grip posture
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Fig. 1

The 2 different grips with which the participants held the drill: with the index finger on the top trigger position (left) and the index finger on the bottom trigger
position (right).

for both the drill and the wire driver was completed using an | Statistical significant was set at p < 0.05. Statistical analysis was
unpaired t-test. Grip posture and categorical data, including | completed using Microsoft Excel (Version 365; Microsoft
gender and reported perceptions, were analyzed using a x? test. Corporation, 2025).

Fig. 2
Four grips used to hold the wire driver: (A) index finger on the top trigger, 3 fingers on the wire driver; (B) index finger on the top trigger, 2 fingers on the wire
driver; (C) index finger on the bottom trigger, 3 fingers on the wire driver; (D) index finger on the bottom trigger, 2 fingers on the wire driver.
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Fig. 3

Pirticipant position for grip strength measurements; the shoulders re-
mained in a neutral position, the elbow was flexed at 90°, the forearm was
in a mid-prone position, and the wrist was extended between 0° and 30°.
The back was kept straight and supported by the chair’s backrest.

Results
he demographic data of the study participants are presented
in Table I; all participants partook in both the subjective and
objective assessments. There was a study response and com-
pletion rate of 96% (46/48).

Electronic Survey

No participants reported receiving formal teaching on how to
use a power tool, half of the participants (23/46) reported
receiving informal teaching in theater, whilst the other half
reported they had received no teaching (informal or formal).

Thirty-seven (37/46) participants reported their grip
either “rarely” or “never” slipped when drilling, 5 of these
were female (5/37). The remaining participants (9/46) reported
it occurred “frequently” or “occasionally,” including 7 females
(719).

Twenty-three (23/46) participants reported they “rarely”
or “never” strained their fingers when using a wire driver,
including 1 female. Sixteen (16/46) reported straining their
fingers “occasionally”, including 5 females (5/16). Seven (7/46)
reported straining “frequently” or “very frequently”, including
6 females (6/7).

Twenty-eight (28/46) participants perceived the weight
of the drill to be “appropriate”, including 1 female. The re-
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maining 18 participants (18/46) perceived it to be either
“heavy” or “very heavy’, including 11 females. Thirty-four (34/
46) participants perceived the handle size as “appropriate,”
including 2 females. The remaining 12 (12/46) participants

perceived the handle size as “big,” including 10 females (10/12).

Handling a Power Tool

When asked to pick up a drill, half of the participants (23/46)
held their index finger on the top trigger, whilst the remaining
half held their index finger on the bottom trigger (Fig. 2). There
was a difference (p = 0.04) in gender and index finger position,
with females more likely to have their index finger at the bot-
tom (female 9/12 vs. male 14/34).

In the survey data, 9 of the 12 participants who perceived
the handle size as “big” had their index finger on the bottom
trigger (p = 0.04). There was no difference in drill weight
perception and finger position.

When asked to pick up a wire driver, half (23/46) held
their index finger on the top trigger, whilst the remaining half
(23/46) held on the bottom trigger. Of the 23 who held the
bottom, 22 participants had 3 fingers around the wire driver
(c), whilst 1 participant had 2 fingers around the wire driver
(d). Of the 23 who held their index finger on the top, 16
participants had 2 fingers around the wire driver (b), whilst 7
had 3 fingers around it (a). The different grips are displayed in
Figure 2.

Six participants (13%) did not use consistent grip pos-
tures for both placed the wire driver and drill (e.g. index finger
top—drill, index finger bottom—wire driver). Eight of 12
females (vs. 15/34 males) adopted the index finger bottom
position when holding the wire driver (p = 0.18).

Grip Strength

The mean grip strength for females (32.9 + 3.2 kg) was less (p <
0.0001) when compared with males (53.4 £+ 9.8 kg) (Table II).
There was a 14.8 kg difference in the maximum grip strength
between those who positioned their index finger on the top
trigger and those who positioned their index finger on the
bottom trigger when holding the drill. This was seen also with
the wire driver (9.9 kg difference) (Table II).

Anthropometric Measurements

Anthropometric measurement results are displayed in Table I1.
Females had a smaller hand span, palm length, and hand length
compared with males (p < 0.0001). Those who held the drill
with their index finger on the bottom trigger also had smaller
palm (p = 0.02) and hand (p = 0.04) lengths than those who
held the drill with their index finger on the top trigger.

Discussion
he survey results showed that no formal training had been
received on how to hold a power tool. Power tools are a
huge part of orthopaedic surgery and essential for sawing,
reaming, drilling, and insertion of wires into the bone'. A
recent study demonstrated that surgeons who received ergo-
nomic training and exercise programs showed improvement
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TABLE | Demographics of the Study Sample, Overall, and Stratified by Sex

Demographic Female Male All p
Sex (%) 12 (26.09) 34 (73.91) 46 —
Median age (IQR) 32 (30-34) 34 (31-38) 34 (31-38) 0.13
Seniority
Resident 10 26 34 (73.91) 0.44
Attending 2 10 12 (26/09)
Median glove size (range) 6.5 (5.5-7) 8 (7-8.5) 7.5 (5.5-8.5) p < 0.001
Hand dominance
Right 11 32 41 (89.3) 0.77
Left 1 2 3 (6.52)
Ambidextrous 0 2 2 (4.35)
IQR = interquartile range.

in pain, physical workload, mental health, and quality-of-life
measurements . It is important that at the start of training,
surgeons are educated on grip ergonomics and are able to
experiment with different grips in a simulated setting. Similar
to sports such as golf and tennis, it is difficult to change a
preexisting grip after many years, even if it is not the most
ergonomic'®. Unergonomic grips could place the surgeon at
increased risk of occupational injury”. Incorporating ergo-
nomic education into surgical residency curricula could help
address this risk.

Females are more likely to experience difficulties with
their grip, slipping when drilling and straining of their fingers
when using a wire driver. This is in keeping with the literature
from laparoscopic general surgery and survey findings from
orthopaedic residents in the United States™"*.

In line with our anthropometric data, this difference is
likely explained by females having smaller hand spans and
shorter hand and palm lengths compared with males. This, in
combination with lower grip strength, likely makes it more

difficult to grip a power tool. The distance from the outside of
the power tool, where the thumb sits, to where the fingers grasp
the wire driver is smaller, potentially causing greater strain
through the fingers. Our survey data demonstrated females
were more likely to report straining their fingers “frequently”
or “very frequently” compared with males.

Our data demonstrated that 2 different hand postures were
used when holding the power tool, with an equal divide between
the 2 hand postures. There was a trend in participant grip
strength and position of the index finger for both the drill and the
wire driver. Those who had their index finger on the bottom
trigger had reduced grip strength compared with those who had
it on the top trigger. This has not been reported previously in the
literature, but 1 explanation is that the index finger bottom
position could be an adaptation for those with lower grip strength
to compensate for the ergonomic mismatch with the power tool.
This is an important design consideration for the surgical power
tool industry, as it demonstrates one size does not fit all. Those
who adopt the posture with their index finger on the bottom

TABLE Il Grip Strength and Anthropometric Data for All Participants, Including a Subgroup Analysis for Grip Position for the Drill and Wire Driver

Grip Hand Palm Hand
Strength (kg) p Span (mm) p Length (mm) p Length (mm) p
All
Female 329+32 p<0.001 171.5+16.2 p<0.001 116.7+7.2 p<0.001 188.9+13.5 p<0.001
Male 53.4+9.8 202.0+7.8 127.7+7.8 217.0 £ 10.5
Drill
Index finger top 55.56+10.8 p<0.001 196.5+249 p=057 127.8+83 p=0.02 214.7+139 p=0.04
Index finger bottom  40.7 £ 9.4 191.6 +24.5 121.8 + 8.8 204.6 £ 18.0
Wire driver
Index finger top 53.0+£12.8 p=0.006 196.1+27.2 p=057 1265+99 p=021 211.8+17.3 p=0.39
Index finger bottom 43.1 + 10.42 192.0 +21.9 123.2+7.9 207.5 £ 16.2

Presented as mean + 1 SD.
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trigger may benefit from grip strengthening programs, which
have been described in the literature'®. However, it is unknown if
grip strengthening programs can compensate for the smaller
hand span, which was also noted with the index finger bottom
grip. This grip may be a natural response to improve mechanical
advantage and keep the hand in a closed grip posture rather than
due to a difference in grip strength.

A study on 135 laparoscopic surgeons in Spain used 3D
printing to design a handle that was scalable to all hand sizes based
on anthropometric measurements™. They reported that palm
length was the most important measurement that allowed
the 3D handle to be conveniently scaled. Our data demon-
strated that a smaller hand and palm length was associated
with an index finger bottom position adaptive grip. Ortho-
paedic power tools should be designed to accommodate a
wide range of hand sizes taking into account palm and hand
length, ensuring usability for all users.

An important limitation to consider is the role of sex in
self-reporting. It has been shown that males are less likely to
self-report challenges than females™. Therefore, male negative
perceptions may be underreported in this group. We did not
investigate whether the self-reported challenges influenced sur-
gical performance. It has been shown in obstetrics and
gynecology and plastic surgery that female residents
underrate their surgical skills, but perform at least equiv-
alently to their male counterparts®**’. Another limitation is
the small sample size. However, this study included both
objective and subjective measures, as opposed to only
survey data. Owing to the sample size, a descriptive epide-
miological approach was adopted which precluded formal
hypothesis testing. We believe the high response rate reduces the
risk of selection bias, but nevertheless the risk does remain due to
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convenience sampling. We used anthropometric measurements
as opposed to surgical glove group data, as these quantitative
data allow us to detect differences that glove groupings may miss.

Conclusion
emale surgeons reported more negative experiences using
both the wire driver and the drill. Two main grip styles
emerged, influenced by sex, grip strength, and hand size. Sur-
geons with smaller hands or lower grip strength, particularly
females, were more likely to use an index finger-supported grip,
likely as a compensatory strategy.

These findings highlight the need for early training in power-
tool ergonomics and grip technique in orthopaedic education, as
well as grip-strengthening initiatives. Current “one-size-fits-all”
power tools are inadequate; manufacturers should consider varia-
tions in handle size, especially accounting for palm length and
overall hand length, to better accommodate all users. ®

Catrin Morgan, BSc (Hons), MBBS, FRCS (T+O)!
Olivia O’Malley, MBBS, MRCS(Eng)*

Esma Liileci, BSc, MSc!

Chahak Saraogi?

Peter Reilly, MBBS, FRCS (T+0)!

Angela E. Kedgley, PhD!

'Department of Bioengineering, Imperial College London, London, UK
2School of Medicine, Imperial College London, London, UK

E-mail address for Catrin Morgan: c.morgan24@imperial.ac.uk

References

1. Ahmed M, Hamilton LC. Current challenges for women in orthopaedics. Bone
Joint Open. 2021;2(10):893-9.

2. Hunter J, Grewal R, Nam D, Lefaivre KA. Gender disparity in academic orthopedic
programs in Canada: a cross-sectional study. Can J Surg. 2022;65(2):E159-69.

3. Peterman NJ, Macinnis B, Stauffer K, Mann R, Yeo EG, Carpenter K. Gender
representation in orthopaedic surgery: a geospatial analysis from 2015 to 2022.
Cureus. 2022;14(7):e27305.

4. Malik-Tabassum K, Lamb JN, Seewoonarain S, Ahmed M, Normahani P, Pandit H,
Aderinto J, Rogers B. Women in trauma and orthopaedics: are we losing them at the
first hurdle? Ann R Coll Surg Engl. 2023;105(7):653-63.

5. Basager A, Williams Q, Hanneke R, Sanaka A, Weinreich HM. Musculoskeletal
disorders and discomfort for female surgeons or surgeons with small hand size when
using hand-held surgical instruments: a systematic review. Syst Rev. 2024;13(1):57.
6. Green SV, Morris DE, Naumann DN, Rhodes HL, Burns JK, Roberts R, Lang AR,
Morris L. One size does not fit all: impact of hand size on ease of use of instruments
for minimally invasive surgery. Surgeon. 2023;21(5):267-72.

7. Lurie B, Albanese J, Allenback G, Elliott I, Nelson K. Small glove size and female
gender are associated with greater reported difficulty using orthopaedic instruments
among residents. JBJS Open Access. 2024;9(2):e23.

8. SanchezMargallo JA, Gonzalez Gonzalez A, Garcia Moruno L, Gémez-Blanco JC,
Pagador JB, Sanchez-Margallo FM. Comparative study of the use of different sizes of an
ergonomic instrument handle for laparoscopic surgery. Appl Sci. 2020;10(4):1526.
9. Eysenbach G. Improving the quality of Web surveys: the Checklist for Reporting
Results of Internet E-Surveys (CHERRIES). J Med Internet Res. 2004;6(3):e34.

10. Oh S, Radwin RG. Pistol grip power tool handle and trigger size effects
on grip exertions and operator preference. Hum Factors. 1993;35(3):551-
69.

11. Fess E. Clinical Assessment Recommendations. American Society of Hand
Therapists. Indianapolis: Garner; 1981:6-8.

12. Hamilton A, Balnave R, Adams R. Grip strength testing reliability. J Hand Ther.
1994;7(3):163-70.

13. The MathWorks Inc. Matlab; 2024. (24.2 R2024b) Natick, MA.

14. Arnold MC, Zhao S, Doyle RJ, Jeffers JR, Boughton OR. Power-tool use in
orthopaedic surgery: iatrogenic injury, its detection, and technological advances: a
systematic review. JBJS Open Access. 2021;6(4):e21.

15. Kilekgioglu S, Dilektasli E. The role of ergonomics training and posture exercises in
surgeons' musculoskeletal system disorders. Turk J Surg. 2024;40(3):204-11.

16. Busuttil N, Middleton KJ, Dunn M, Roberts AH. To change or not to change:
perceptions and experiential knowledge of tennis coaches when modifying Grip
technique. Sports. 2024;12(12):325.

17. Alageel M, Tanzer M. Improving ergonomics in the operating room for ortho-
paedic surgeons in order to reduce work-related musculoskeletal injuries. Ann Med
Surg. 2020;56:133-8.

18. Fram B, Bishop ME, Beredjiklian P, Seigerman D. Female sex is associated with
increased reported injury rates and difficulties with use of orthopedic surgical
instruments. Cureus. 2021;13(5):e14952.

19. Schlussel AT, Maykel JA. Ergonomics and musculoskeletal health of the sur-
geon. Clin Colon Rectal Surg. 2019;32(06):424-34.

20. Gonzalez AG, Salgado DR, Garcia Moruno L, Sanchez Rios A. An ergonomic
customized-tool handle design for precision tools using additive manufacturing: a
case study. Appl Sci. 2018;8(7):1200.

21. Carbone E, Loewenstein G, Scopelliti |, Vosgerau J. He said, she said: gender
differences in the disclosure of positive and negative information. J Exp Social
Psychol. 2024;110:104525.


mailto:c.morgan24@imperial.ac.uk

Get a Grip

JBJS Open Access ® 2026:€25.00343. openaccess.jbjs.org 7
22. Flyckt RL, White EE, Goodman LR, Mohr C, Dutta S, Zanotti KM. The use of 23. Stanek K, Phillips N, Staffa SJ, Saldanha FY, Rogers-Vizena CR. Gender differ-
laparoscopy simulation to explore gender differences in resident surgical confi- ences in plastic surgery trainee confidence: a pilot analysis during cleft lip simula-

dence. Obstet Gynecol Int. 2017;2017(1):1945801. tion. Plast Reconstr Surg Glob Open. 2023;11(12):e5428.



