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Introduction: Smaller hand size has been shown to affect ease of instrument use and surgeon injury rates in multiple
surgical subspecialties. Women have a smaller average hand size and aremore often affected by this issue thanmen. The
goal of this resident survey was to investigate whether hand size and gender impact self-reported difficulty with instrument
use among orthopaedic surgery residents.
Methods: Residents were surveyed about how often they experience difficulty using common orthopaedic instruments.
Self-reported difficulty using surgical instruments was compared between residents with small glove (SG, outer £7.0) vs.
large glove (LG, ‡ 7.5) sizes and between male and female residents.
Results: One hundred forty-five residents (118males and 27 females) completed the survey for a response rate of 3.7%.
The SG group contained 35 residents, with 26 females and 9males. The LG group contained 110 residents, with 1 female
and 109 males. The SG group reported more difficulty than the LG group when using 3/6 instruments: the wire-cutting
pliers (71.4% vs. 25.5%), universal T-handle chuck (65.7% vs. 21.4%), and large wire driver (60.0% vs. 24.8%). Female
residents reported more difficulty than males for 5/6 instruments. Within the SG group, however, there was no difference
in self-reported difficulty between female SG and male SG residents for 4/6 instruments.
Conclusions: The predominantly male LG group reported significantly less difficulty than the more gender mixed though
still predominantly female SG group. A subanalysis comparing males and females within the SG group found that there
was no difference between SG female and SGmale residents for 4/6 of the instruments, suggesting that glove size might
impact reported difficulty independently from gender. Although the effect of glove size vs. gender is difficult to differentiate
in this study, the high rate of difficulty experienced by male and female residents in the SG group should be considered by
residency programs, surgeon educators, and instrument manufacturers as the field of orthopaedic surgery continues to
become more diverse.
Level of Evidence: III.
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Introduction

Although hand size among surgeons varies significantly, the
size of most instruments in orthopaedic surgery does not.

As gender, ethnic, and racial diversity increases among new
surgical residents, the variation in surgeon hand size will in-
crease as well1-5. Surgeon hand size is important for 2 reasons.
First, smaller surgeon hand size has been shown to affect ease of
instrument of use, compensatory muscle activation, and sur-
geon injury rates in laparoscopic, endoscopic, and orthopaedic
surgery6-10. Second, most surgeons with smaller hands are fe-
male. How hand size affects instrument use and surgeon per-
formance was first studied in the field of laparoscopic surgery,
where surgeons and trainees with smaller hands (largely but not
exclusively women) frequently reported more difficulty using
single-size laparoscopic instruments9,11-18. In addition to causing
instruments to feel awkward or uncomfortable to use, instru-
ments that are not properly sized can lead to overuse injuries and
impact surgeon satisfaction and career longevity19,20. Just as poorly
sized surgical instruments can negatively impact performance, the
use of appropriately sized grips in laparoscopic surgery has been
shown to significantly improve simulated surgical performance15.
Finally, a significant proportion of men may also experience dif-
ficulty with instrument use related to hand size when a broader
range of ethnic or racial groups are considered3-5,21-23.

Part of training an increasingly diverse generation of
orthopaedic residents requires understanding the challenges
they encounter while acquiring surgical skills and developing
strategies and techniques to overcome these challenges. The
goal of this resident survey was to describe howmuch difficulty
orthopaedic surgery residents report using common ortho-
paedic instruments and investigate how hand size and gender
impact difficulty with instrument use.

Materials and Methods

The study was deemed exempt from review by our Institu-
tional Review Board before initiating the study. An online

survey was developed (Qualtrics, Seattle, Washington) to collect
information about residents' demographics, glove size (GS), and
experiences using a variety of common orthopaedic surgical
instruments. The first battery of questions asked residents how
often they experienced difficulty using 6 surgical instruments
commonly used in orthopaedic surgery: the large wire driver,
large universal T-handle chuck, periarticular reduction forceps,
rongeur, wire-cutting pliers, and arthroscope. Instruments for the
survey were chosen based on a collaborative discussion between
resident and attending authors by reviewing the most common
instruments used on each of the subspecialty rotations, with a
preference given to instruments used in the care of fractures
because of the significant amount of time residents at various
levels of training participate in fracture cases. Difficulty using
instruments was categorized as never, sometimes, about half the
time, most of the time, or always. The second battery of questions
asked residents to report how often they experienced hand fatigue
and how difficulty with instrument has affected or might affect in
the future their choice of subspecialty. Third, residents were asked
to rate how much they agreed with the following statements: “I

feel that the difficulties I encounter using certain instruments are
related to my lack of skill based on level of training,” and “I feel
that the difficulties I encounter using certain instruments are
related to design flaws.” The entire survey appears in Appendix 1,
http://links.lww.com/JBJSOA/A628. The survey was sent to 199
orthopaedic surgery residency program coordinators across the
United States through email and posted in a private Facebook
group page “Women in Orthopaedics.” Responses were collected
in May 2020 after consent was obtained and contained reassur-
ance of voluntary and anonymous participation.

Statistical analysis was performed using SPSS, version 25
(IBM), with a significance level set at p < 0.05. Perceived difficulty
using surgical instruments was compared between residents with
small glove (SG) vs. large glove (LG) sizes, with SG defined as
outer glove size £ 7.0 and LG ‡ 7.5. Perceived difficulty was also
compared between female and male residents and between junior
vs. senior residents (Postgraduate Year [PGY] 1-3 vs. PGY4-5).
For analysis, difficulty using instruments and hand fatigue
responses were collapsed into binary variables of “never” vs.
“sometimes” to allow for comparison using x2 testing. To analyze
residents' level of agreement with the 3 statements pertaining to
difficulty with instrument use (difficulty with instrument use is
due to lack of training, difficulty with instrument use is due to
design flaws, and difficulty admitting trouble using instruments),
“strongly agree” and “agree” responses were collapsed and com-
pared against “strongly disagree” and “disagree” responses.

Results

Atotal of 145 residents completed the survey, with 118
residents (81.4%) identifying as male and 27 residents

(18.6%) identifying as female. The survey response rate was
3.7%. The full demographics of the respondents are displayed in
Table I. The SG group (size 7.0 outer glove or smaller) contained
35 residents, with 26 females (96.3% of all females) and 9 males
(7.6% of all males). The LG group contained 110 residents, with
1 female and 109 males. The SG group was 74.3% female, and
the LG group was 98.3% male. Eighty-five residents (58.6%)
were in their PGY1, 2, or 3 years of training and classified as the
junior resident group, with 60 residents in the senior resident
group. The proportion of junior and senior residents was similar
in the SG vs. LG groups (65.7% junior vs. 56.4% junior, p =
0.96). Ninety-three percent of residents were right-handed,
whereas 6.9% were left-handed.

Reported Difficulty with Instrument Use
The SG group reported more difficulty than the LG group
when using 3 instruments: the wire-cutting pliers (71.4% vs.
25.5%, p < 0.001), universal T-handle chuck (65.7% vs. 21.4%,
p < 0.001), and large wire driver (60.0% vs. 24.8%, p < 0.001),
Fig. 1 and Table II. There was no significant difference in
reported difficulty for the arthroscope, periarticular reduction
forceps, or rongeur. Female residents reported significantly
more difficulty than males for 5/6 instruments: (arthroscope:
85.2% vs. 63.8%, p = 0.032; periarticular reduction forceps:
87.0% vs. 55.6%, p = 0.005; wire-cutting pliers: 85.2% vs.
25.4%, p < 0.001; T-handle chuck: 74.1% vs. 29.9%, p < 0.001;
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and large wire driver: 66.7% vs. 25.6%, p < 0.001) but not for
the rongeur (48.1 vs. 36.8%, p = 0.274), Fig. 2.

The reported difficulty of the 26 females and 9 males in
the SG group was then compared. Female SG residents re-
ported more difficulty with the wire-cutting pliers and the

periarticular reduction forceps compared with male SG resi-
dents, but there was no difference in difficulty with the rongeur,
arthroscope, universal T-handle chuck, or large wire driver.
Meaningful statistical analysis by gender was not possible for
the LG group, given there was only 1 female in the LG group.

When comparing the junior and senior resident groups,
junior residents reportedmore difficulty with the large wire driver
and rongeur (44.0% vs. 18.3%, p = 0.001; and 47.6% vs. 26.7%,
p = 0.011; respectively) but not with the remaining instruments.

Hand Fatigue
Self-reported hand fatigue after a typical operating room day
was slightly more frequent in the SG group than LG group
(85.3% vs. 72.7%, p = 0.135). The frequency of hand fatigue did
not significantly differ between junior and senior residents
(72.6% vs. 80.0%, p = 0.309). Female residents reported hand
fatiguemore frequently thanmales (96.2% vs. 71.2%, p = 0.007).

Agreement Statements
The SG group more frequently agreed with the statement that
difficulty with instrument use was related to design flaws than
the LG group (50.0% SG in agreement vs. 23.1% LG, p =
0.009), with similar findings when comparing female and male
residents (63.2% females in agreement vs. 22.4% males, p <
0.001) (Table III). The SG group also more frequently agreed
that it was hard to disclose difficulty using an instrument
(74.2% SG in agreement vs. 45.9% LG, p = 0.007), as did
female residents (80.0% females vs. 46.2% males, p = 0.003).

Subspecialty Interest
The majority of residents reported that difficulty using in-
struments would not affect their choice of subspecialty. Junior
residents reported that ease of instrument use might affect

TABLE I Survey Respondent Demographics*

Gender n (%)

Male 118 (81.4)

SG (£7.0) 9 (7.6)

LG (‡7.5) 109 (92.4)

Female 27 (18.6)

SG (£7.0) 26 (96.3)

LG (‡7.5) 1 (3.7)

Glove size n (%)

SG (£7.0) 35 (24.1)

Female 26 (74.3)

Male 9 (25.7)

LG (‡7.5) 110 (75.9)

Female 1 (1.7)

Male 109 (98.3)

Training level n (%)

Junior (PGY1-3) 85 (58.6)

Senior (PGY4-5) 60 (41.4)

*SG = small glove (£7.0). LG = large glove (‡7.5). Junior = PGY1-3.
Senior = PGY4-5.

Fig. 1

Percentage of residents who reported encountering difficulty using 6 common orthopaedic instruments (arthroscope, periarticular forceps, wire-cutting

pliers, T-handle chuck, large wire driver, and rongeur). SG = small glove (£7.0). LG = large glove (‡7.5). Asterisks indicate p < 0.05.
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subspecialty choice more often than senior residents (31.8% vs.
10.0%, p = 0.002). When comparing the SG vs. LG and female
vs. male groups, there was no difference in the proportion of

residents that reported ease of instrument use might affect their
subspecialty choice: (31.4% SG vs. 20.0% LG, p = 0.160; 33.3%
females vs. 20.3% males, p = 0.146).

TABLE II Number of Residents Who Reported Never Experiencing Difficulty Vs. Those Who Reported Some or More Difficulty Using 6
Orthopaedic Instruments*

SG n (%) LG n (%) p value Female n (%) Male n (%) p value Junior n (%) Senior n (%) p value

Arthroscope

No difficulty 7 (20) 39 (36.1) 0.076 4 (14.8) 42 (36.2) 0.032 22 (26.5) 24 (40) 0.088

Difficulty 28 (80) 69 (63.9) 23 (85.2) 74 (63.8) 61 (73.5) 36 (60)

Periarticular reduction
forceps

No difficulty 7 (24.1) 44 (43.1) 0.064 3 (13) 48 (44.4) 0.005 24 (33.8) 27 (45) 0.19

Difficulty 22 (75.9) 58 (56.9) 20 (87) 60 (55.6) 47 (66.2) 33 (55)

Wire-cutting pliers

No difficulty 10 (28.6) 82 (74.5) <0.001 4 (14.8) 88 (74.6) <0.001 51 (60) 41 (68.3) 0.305

Difficulty 25 (71.4) 28 (25.5) 23 (85.2) 30 (25.4) 34 (40.5) 19 (31.7)

T-handle chuck

No difficulty 12 (34.3) 77 (70.6) <0.001 7 (25.9) 82 (70.1) <0.001 50 (59.5) 39 (65) 0.505

Difficulty 23 (65.7) 32 (29.4) 20 (74.1) 35 (29.9) 34 (40.5) 21 (35)

Large wire driver

No difficulty 14 (40) 82 (75.2) <0.001 9 (33.3) 87 (74.4) <0.001 47 (56) 49 (81.7) 0.001

Difficulty 21 (60) 27 (24.8) 18 (66.7) 30 (25.6) 37 (44) 11 (18.3)

Rongeur

No difficulty 19 (54.3) 69 (63.3) 0.341 14 (51.9) 74 (63.2) 0.274 44 (52.4) 44 (73.3) 0.011

Difficulty 16 (45.7) 40 (36.7) 13 (48.1) 43 (36.8) 40 (47.6) 16 (26.7)

*SG = small glove (£7.0). LG = large glove (‡7.5). Junior = PGY1-3. Senior = PGY4-5.

Fig. 2

Percentage of residents who reported encountering difficulty using 6 common orthopaedic instruments (arthroscope, periarticular forceps, wire-cutting

pliers, T-handle chuck, large wire driver, and rongeur). Asterisks indicate p < 0.05.
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Discussion

The purpose of this study was to describe how often ortho-
paedic surgery residents perceive difficulty using common

orthopaedic instruments and to analyze how GS and gender
impacted self-reported difficulty with instrument use. We also
investigated whether reported difficulty with instrument use
might impact residents' choice of subspecialty.We found that the
predominantly male (98.3% male) LG group reported signifi-
cantly less difficulty than the more gender mixed though still
predominantly female (74.3% female) SG group for the wire-
cutting pliers, large wire driver, and T-handle chuck. Whenmale
and female residents were compared, female residents reported
more difficulty with all instruments except the rongeur. A sub-
analysis within the SG group found that there was no difference
between SG female and SG male residents for 4/6 of the in-
struments, suggesting that hand size might impact difficulty
using orthopaedic instruments independently from gender,
although the sample size for this comparisonwas small. Although
the close correlation between GS and gender makes it challenging
to separate these 2 variables statistically, the high rate of difficulty
experienced by male and female residents in the SG group is an
important consideration for residency programs, surgeon edu-
cators, and instrument manufacturers as the field of orthopaedic
surgery continues to become more diverse. Although nearly a
third of junior residents reported that difficulty with instrument
use might impact their choice of orthopaedic subspecialty, only
10% of senior residents agreed, indicating that most orthopaedic
residents are not deterred from their specialty of interest because
of instrument-specific issues.

In 2018, the American Academy of Orthopaedic Sur-
geons made increasing diversity and closing the gender gap
among orthopaedic surgeons 1 of its top strategic goals24. In
2021, women made up 16.6% of the orthopaedic surgery res-

idents in the United States, despite womenmaking up 55.6% of
newmedical school matriculants1,2,25. One of themost common
reasons reported by women for not pursuing orthopaedic
surgery is the perception that too much physical strength is
required26. Poorly sized orthopaedic instruments may con-
tribute to this perception. Ruiz-Ruiz et al.23 found that a grip
span (the amount of hand spread when generating force)
proportionate to hand size was required for women to achieve
maximum grip strength. Fram et al. found that female ortho-
paedic surgeons and trainees were significantly more likely to
report that orthopaedic surgical instruments were difficult or
uncomfortable to use and that nearly half of orthopaedic sur-
geons required medical treatment for symptoms related to
using orthopaedic instruments19,27. This demonstrates that dis-
comfort and difficulty with instrument use can lead to clinically
significant symptoms that might impact surgeon productivity,
satisfaction, and career longevity. In this study, we found that
SG and female residents more often reported that difficulty
using instruments was related to design flaws in the instru-
ments than their LG and male counterparts. Although the
orthopaedic literature concerning this issue is relatively sparse,
more extensive research has been conducted in the field of
endoscopic and laparoscopic surgery. Berguer and Hreljac.14

found that practicing surgeons using size 6.5 or smaller gloves
had significantly more difficulty with one-size laparoscopic
instruments and that increased difficulty with instrument use
was associated with higher rates of musculoskeletal injuries.
Adams et al.12 compared male and female general surgery res-
idents and found that women more often described laparo-
scopic instruments as “always awkward” and more often were
forced to use 2 hands rather than 1 to perform key tasks. In
addition to causing instruments to feel awkward, Wong et al.9

found surgeons with smaller hand size experienced a greater

TABLE III Number of Residents Who Agreed or Strongly Agreed Vs. Disagreed or Strongly DisagreedWith 3 Statements Related to Instrument
Use*

SG n (%) LG n (%) p value Female n (%) Male n (%) p value Junior n (%) Senior n (%) p value

“It is hard to admit when using
certain instruments is hard for me.”

Agree 23 (74.2) 39 (45.9) 0.007 20 (80) 42 (46.2) 0.003 41 (61.2) 21 (42.9) 0.051

Disagree 8 (25.8) 36 (54.1) 5 (20) 49 (53.8) 26 (38.8) 28 (57.1)

“The difficulties I encounter using
certain instruments are related to
my lack of skill based on level of
training.”

Agree 16 (53.3) 50 (53.8) 0.967 14 (58.3) 52 (52.5) 0.609 50 (66.7) 16 (33.3) <0.001

Disagree 14 (46.7) 43 (46.2) 10 (41.7) 47 (47.5) 25 (33.3) 32 (66.7)

“The difficulties I encounter using
certain instruments are related to
design flaws.”

Agree 13 (50) 18 (23.1) 0.009 12 (63.2) 19 (22.4) <0.001 12 (18.8) 19 (47.5) 0.002

Disagree 13 (50) 60 (76.9) 7 (36.8) 66 (77.6) 52 (81.3) 21 (52.5)

*SG = small glove (£7.0). LG = large glove (‡7.5). Junior = PGY1-3. Senior = PGY4-5.
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grip strength decline and greater ergonomic workload during
repetitive laparoscopic tasks. Interestingly, we found no difference
in hand fatigue between the SG and LG groups, although female
residents reported more hand fatigue than males. Similarly, Ar-
mijo et al.13 found that female attending surgeons had significantly
higher hand, wrist, and shoulder muscle activation while using
laparoscopic instrumentation and concluded that although this
increased muscle activation might represent a successful adaption
strategy to the tools, it could also put female surgeons at risk of
overuse injuries. Collectively, the above studies suggest that tools
that are not ergonomically designed or appropriately sized can
affect both surgical performance and surgeon health. Our study
adds important data regarding orthopaedic residents' experience
using common orthopaedic instruments and suggests that both
men and women with smaller hand sizes may have greater diffi-
culty with certain orthopaedic instruments.

Limitations
An important methodological limitation to consider when in-
terpreting the results of this study is that we did not evaluate
whether self-reported difficulty with instrument use correlated
with actual surgical proficiency. Flyckt et al.28 found that female
residents self-rated their laparoscopic proficiency approxi-
mately 50% lower than their male colleagues did, but performed
equivalently on a standardized objective test of laparoscopic skill.
In a study comparing 97 male and female orthopaedic surgery
residents at the University of Minnesota, there was no difference
in any of the 8 Accreditation Council for Graduate Medical
Education competencies, technical skills, or overall competency
based on faculty evaluations29. Another limitation is related to
selection bias. Residents who participate in a survey about dif-
ficulty with surgical instruments may be different from nonre-
spondents. By advertising the survey in a social media group
oriented toward female residents, residents who participated in
the study may be systematically different from residents as a
whole and from female residents as a whole. Because of the very
low proportion of female residents in orthopaedics, this was
deemed necessary to gather sufficient responses from female
residents. Another significant limitation is the small sample size
of our study and the low survey response rate. Because surveys
were sent to program coordinators, it is possible not all surveys
were received by individual residents. In our review of the cited
references, the number of respondents is similar to other survey
studies assessing surgical performance. Another limitation is that
the almost entirely male LG group and predominantly female SG
group made it difficult to differentiate the effect of gender vs. GS
on ease of instrument use. However, given the significant dif-

ferences in mean GS between male and female residents, dif-
ferentiating the effect of gender vs. GS on difficulty with
instrument would be difficult regardless of sample size. Finally,
although surgeon GS correlates well with hand circumference, it
is an imperfect surrogate for more exact measures of hand
anthropometry and is affected by individual preferences with
regard to glove sizing, the use of inner and outer gloves, and
differences between glove manufacturers16.

As gender diversity in orthopaedic surgery increases, there
is an opportunity for surgeon educators and residents to scrutinize
and improve on orthopaedic surgical education. In this study, we
demonstrated that orthopaedic residents with SG sizes, both male
and female, reported increased difficulty using common ortho-
paedic surgical instruments. For residents, particularly those
without colleagues andmentors similar to themselves with respect
to gender or hand size, this study provides confirmation that
experiencing difficulty with certain instruments is a common,
shared experience rather than a personal deficiency. For resident
educators, we hope this study highlights the different experiences
residents have using orthopaedic instruments and spurs consid-
eration of how to help all trainees excel in orthopaedics. Increasing
the availability of instruments that are appropriately sized should
be part of the solution. The other is to look to the many excellent
surgeons who have developed techniques and adaptations to
succeed with the instruments available and ensure that these skills
are passed on to those who need them.

Appendix
Supporting material provided by the authors is posted
with the online version of this article as a data supplement

at jbjs.org (http://links.lww.com/JBJSOA/A628). This content
was not copyedited or verified by JBJS. n
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