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Abstract : Background : Women account for 23.6% of physicians in Japan yet account for only 5% of orthopedic 
surgeons and <1% of board-certified spine surgeons. We identified points along the training pathway where wom-
en perceive barriers to pursuing spine surgery. Methods : In this sequential explanatory mixed-methods study, 
we surveyed all 5th- and 6th-year medical students at our institution and postgraduate year-1–2 residents and 
received responses from 62 trainees (29 women, 33 men). Counts, percentages, and χ2 or Fisher exact tests were 
used to compare the groups. We thematically analyzed the semi-structured e-mail interviews conducted with 10 
female orthopedic trainees (4 residents, 1 non-spine surgeon, and 5 spine fellows). Results : Interest in orthope-
dics was reported by 45% of women and 64% of men (p = 0.22) ; within that subgroup interest in spine surgery was 
similar (31% vs. 33% ; p = 1.00). From the interviews, four categories of barriers to choosing spine surgery as a sub-
specialty emerged : (1) physical limitations, (2) radiation exposure, (3) demanding working hours / on‑call, and (4) 
a gender‑imbalanced environment. Conclusions : Many early-career women already express interest in orthope-
dics. However, translating that interest into careers as spine surgeons will require sustained mentorship plus the 
adoption of assistive technologies, ergonomic instruments, and team-based shift schedules—interventions that 
could benefit the entire surgical workforce. J. Med. Invest. 72 : 425-429, August, 2025
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INTRODUCTION
 

Gender disparity among spine surgeons is a worldwide phe-
nomenon. In Japan, women account for 23.6% of all physicians 
but only about 5% of orthopedic surgeons and <1% of board-certi-
fied spine surgeons, placing the country near the bottom of global 
diversity rankings for the specialty (1-3).

Importantly, the pipeline of potential recruits is expanding, 
with the proportion of women entering Japanese medical schools 
climbing steadily since 2018 and surpassing 40% of enrollees in 
2024 (4). Unless the number of female spine surgeons increases, 
Japan will not be able to secure an adequate spine-surgery work-
force—especially as the demand for spine surgery increases with 
population aging and the overall surgical labor pool continues to 
shrink (5).

From a clinical-needs perspective, several disorders dispro-
portionately affect female patients or benefit from gender-con-
cordant care. For example, adolescent idiopathic scoliosis is both 
more prevalent and more likely to progress in girls than in boys, 
and surveys show that female adolescents and their guardians 
often prefer a same-gender physician (6). Expanding the number 
of female spine surgeons is therefore not only an equity goal but 
also a workforce and patient-satisfaction imperative.

Most previous studies on gender disparity have examined 
academic visibility—including, authorship and invited roles at 
national meetings in Japan and the United States—rather than 

the perceptions of trainees (7, 8). Consequently, little is known 
about where along the training pathway women disengage or 
which barriers feel most pressing to them. We hypothesized that 
the reasons why young women do not pursue spine surgery may 
lie not in academic aptitude or interest, but rather in non-aca-
demic factors—such as perceived physical demands. The present 
sequential explanatory mixed-methods study addresses this gap. 
First, we quantified interest in orthopedics and spine surgery 
among medical students and early residents and then explored 
sex-specific barriers through in-depth interviews. The aims of 
our study were (1) to measure baseline interest, (2) to identify 
barriers unique to female orthopedic trainees, and (3) to pinpoint 
training stages where targeted interventions could most effec-
tively enlarge the pipeline of female spine surgeons. 

MATERIALS AND METHODS
Study Design

We employed a sequential explanatory mixed-methods ap-
proach. A cross-sectional questionnaire was used in the quanti-
tative phase, and its findings guided a second, qualitative phase 
involving semi-structured interviews that clarified and enriched 
the survey results.  

Participants and Recruitment
We used a single-center convenience sample. A Google Forms 

survey link was e-mailed to all fifth- and sixth-year medical 
students in our institution and circulated in a private messaging 
group that included postgraduate-year (PGY)-1–2 residents 
known to the investigators. After preliminary analysis of the 
survey data, we purposively invited 10 female orthopedic train-
ees to participate in follow-up interviews : 4 orthopedic residents, 
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1 non-spine staff surgeon, and 5 spine fellows. All participation 
was voluntary, and electronic informed consent was obtained for 
both study phases.

Questionnaire 
The questionnaire captured (i) training stage (fifth-year stu-

dent, sixth-year student, PGY 1, or PGY 2), (ii) gender (female, 

male, or prefer not to answer), (iii) factors influencing specialty 
choice (multiple selection from personal interest, departmental 
atmosphere, lifestyle, income expectations, exposure to men-
tors, and other), (iv) current interest in orthopedics (yes / no), (v) 
reason for interest if “yes,” (vi) reason for lack of interest if “no,” 
and (vii) subspecialty preferences for respondents interested in 
orthopedics. The full item list is provided in Table 1.

Table 1.　Questionnaire used to assess career interests and influencing factors

Question Response Options

Q1. What is your gender?
• Female
• Male
• Other

Q2. What is your current year / training level?

• 5th-year medical student
• 6th-year medical student
• PGY-1 resident
• PGY-2 resident
• Other

Q3. Which clinical specialties are you currently 
interested in? (Select up to 3)

• Internal medicine (general, cardiology, pulmonology, neurology, hematology)
• Pediatrics
• Obstetrics & gynecology
• Gastrointestinal surgery
• Orthopedic surgery
• Neurosurgery
• Anesthesiology
• Emergency medicine
• Radiology
• Dermatology
• Cosmetic surgery
• Other

Q4. When choosing your future specialty, which 
factors will be most important to you? (Select 
up to 3)

• Personal interest
• Good income
• Presence of mentors
• Working hours and number of on-call shifts
• Compatibility with family/childcare responsibilities
• Department atmosphere
• Geographic location of workplace
• Other

Q5. How interested are you in orthopedic surgery?

• Very interested
• Somewhat interested
• Not very interested
• Not at all interested

Q6. If you answered “interested” in Q5 : Why are 
you interested in orthopedic surgery? (Select 
all that apply)

• I find the field intellectually interesting
• I want to perform surgery in the future
• It is related to sports
• The orthopedic surgeons I know are appealing role-models
• I have previously been an orthopedic patient
• The patient population is diverse and broad
• I have experience as an athlete
• Other (free text)

Q7. If you answered “interested” in Q5 : Are you 
interested in spine?

• Yes
• No

Q8. If you answered “not very interested” or “not 
at all interested” in Q5 : Why are you not 
interested in orthopedic surgery? (Select all 
that apply)

• I do not want to perform surgery
• I am not interested in the field itself
• I perceive it as a male-dominated field
• The physical demands seem too high
• It appears to involve many emergencies/off-hours duties
• There are few female orthopedic surgeons
• I do not know much about orthopedics because I have no mentors in the field
• Other (free text)
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Interview Guide
We interviewed 10 female orthopedic doctors (4 residents, 5 

spine fellows, and 1 attending orthopedic surgeon not currently 
in spine). The question was where did you feel the difficulty as 
spine surgeon or spine rotator? Using a directed content‑analysis 
approach, two independent coders labelled all transcripts ; dis-
agreements were resolved by discussion, and the final coding 
scheme reflected full consensus. Interviews were conducted 
by e-mail ; the question set was sent to each participant, and 
written replies were returned in free-text format for thematic 
analysis. 

Statistical Analysis
Categorical variables are reported as counts and percentages. 

Group differences by sex and training stage were examined 
using Pearson’s χ2 test ; Fisher’s exact test was used when any 
expected cell count was <5. Two-tailed p-values <0.05 were con-
sidered statistically significant. Analyses were performed with 
EZR ver. 1.63 (Jichi Medical University, Tochigi, Japan). Given 
the small number of respondents, a post hoc calculation of sta-
tistical power was performed using G*Power statistical software 
(version 3.1.9.2, Düsseldorf, Germany). A sample size calculation 
based on the observed difference in proportions (women 45% vs 
men 64%) demonstrated that 107 participants per group (total 
n=214) would be sufficient to detect a statistically significant 
difference with 80% power at a two‑sided α of 0.05.

RESULTS
Survey Characteristics

A total of 62 complete questionnaires were returned (response 
rate 28%), comprising 29 women (47%) and 33 men (53%). By 
training stage, there were 23 fifth-year medical students, 21 
sixth-year students, 4 PGY-1 residents and 12 PGY-2 residents.

Factors that Determine Specialty Choice
For both genders, personal interest in the discipline was the 

most frequently cited determinant (men 30 / 33, 94% ; women 
27 / 29, 93%). The second-ranked factor was departmental atmo-
sphere (men 22 / 33, 69% ; women 18 / 29, 62%). The third-ranked 
factor diverged by sex : men most often selected expected income 
(12 / 33, 38%), whereas women most often selected compatibility 
with family life (13 / 29, 45%). 

Interest in Orthopedics and Spine
A total of 13 women (45%) and 21 men (64%) reported having 

an interest in orthopedics, although the difference was not statis-
tically significant (χ2 = 1.51, p = 0.22). Among the 34 respondents 
interested in orthopedics, 4 of the 13 women (31%) and 7 of the 
21 men (33%) expressed interest in spine surgery (χ2 = 0.00, 
p = 1.00). Interest in orthopedics was higher among medical 

students (27 / 45, 60%) than among residents (7 / 17, 41%), but the 
difference was not significant (χ2 = 1.77, p = 0.18).

 
Reasons Given by Respondents Who Were Interested in Orthopedics

The leading motivations were strong interest in the field (22, 
64.7%), prior personal experience in competitive sports (16, 
47.1%), the desire to perform surgery (15, 44.1%), an opportunity 
to remain involved in sports medicine (15, 44.1%), and having 
been an orthopedic patient themselves (12, 35.3%). A total of 10 
respondents (29.4%) valued the breadth of patient demographics, 
and 6 (17.6%) cited inspiring mentors in the field.

Reasons Given by Respondents Who Were Not Interested in Orthopedics
Nearly half of these participants cited a simple lack of person-

al interest in the field (13 / 28, 46.4%). Among the women in this 
subgroup, 2 answered that orthopedics was a male-dominated 
profession, 2 were uneasy because they did not know any female 
orthopedic surgeons, and 1 mentioned a concern about radiation 
exposure. Among the men, 2 expressed doubts about having suf-
ficient physical strength for operative work.

Interview Results
10 orthopedic female surgeons had replied to the interview. 

Four categories emerged (not mutually exclusive) : 1) Physical 
limitations, 2) Radiation exposure, 3) Demanding working 
hours / on‑call, and 4) Gender‑imbalanced environment (includ-
ing lack of mentors / role models).

As summarized in Table 2, physical limitations were the most 
frequently cited concern (n=7, 70%), exemplified by difficulty 
cutting rods, inserting pedicle screws, or achieving adequate 
exposure at the L5 / S1 level. Demanding working hours were 
mentioned by 2 participants (20%), typically linked to frequent 
emergency cases and lengthy procedures. Radiation exposure 
was raised by 1 participant (10%). A gender‑imbalanced envi-
ronment was noted by 2 participants (20%) ; importantly, two 
interviewees explicitly stated that the absence of a mentor or 
role model made it harder to overcome these challenges and to 
envision a sustainable spine career.

DISCUSSION

To our knowledge, this is the first study in Japan to combine a 
trainee survey and qualitative interviews to explore the emerg-
ing potential of increasing the number of women orthopedic 
and spine surgeons, while identifying barriers that hinder their 
progression, particularly when choosing spine as a subspecialty. 
The study aimed to (1) assess baseline interest in orthopedics 
among female trainees, (2) identify barriers specific to women 
pursuing orthopedic and spine surgery, and (3) determine key 
training stages where targeted interventions may be most 
effective.

Table 2.　Barriers to Subspecialization in Spine Surgery Among Women

Category n % Illustrative examples (add quotes if available)

Physical limitations 7 70 Difficulty cutting rods ; pedicle-screw insertion ; L5 / S1 exposure

Demanding working hours / on-call 2 20 Frequent emergency cases ; concern about work–family balance

Radiation exposure 1 10 Anxiety about cumulative intraoperative exposure

Gender-imbalanced environment 
(incl. lack of mentors / role models)

2 20 “Hard to join a male-dominant field” ; few visible female spine surgeons
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From the survey results, it was found that personal interest 
in the field was the most important factor influencing specialty 
choice for both male and female trainees. Approximately half 
of the female respondents reported some level of interest in or-
thopedics, and this rate did not statistically differ from that of 
male respondents. These findings suggest that the gender gap is 
not due to a lack of initial interest among women, but rather to 
attrition during the training process. Since “interest in the field” 
was prioritized over lifestyle or income by both genders, early 
exposure and encouragement are likely to have a strong impact 
on career choice (7).

The answers from the trainee who are not interest in ortho-
pedic shows the potential barriers unique to female orthopedic 
trainees. Women cited the absence of female role models and the 
perception that orthopedics is a male-dominated field as primary 
deterrents. Strikingly, the same concerns were echoed by cur-
rent female orthopedic residents, but those residents managed 
to overcome them through mentorship. Having a family member 
or senior colleague who acted as a mentor provided two decisive 
advantages : (1) invitations to skills courses or operating-room 
shadowing that created early exposure, and (2) a trusted chan-
nel for discussing scheduling conflicts, pregnancy planning, or 
other sensitive topics that can be daunting in a predominantly 
male environment. These findings align with international 
evidence that structured mentorship triples the likelihood that 
female students will enter orthopedics (8).

This study also aimed to identify key training stages where 
targeted interventions could most effectively support the ad-
vancement of women into spine surgery. Based on the interview 
results from orthopedic residents and spine fellows, four main 
categories of barriers were identified : (1) physical limitations, (2) 
radiation exposure, (3) demanding work hours and on-call bur-
den, and (4) a gender-imbalanced environment. These categories 
were used to assess possible intervention strategies.

The first two barriers were physical workload and radiation 
exposure. Seven interviewees cited physical-strength anxiety, 
and 1 interviewees was concerned of radiation risk. Both issues 
are being mitigated by new technologies such as robotic surgery. 
Large multicenter series now show that robotic spine surgery 
reduced the time needed to perform fluoroscopy to roughly 30% 
of conventional levels and cuts manual insertion torque during 
pedicle-screw placement by half, all while maintaining milli-
meter-scale accuracy (9, 10). Additionally, parallel ergonomic 
fixes—such as triangular or larger-diameter screwdriver han-
dles—decrease the required grip strength and reduce fatigue at 
negligible cost (11). These interventions require the cooperation 
of medical device companies. Moreover, looking back through 
history, this mirrors the evolution of universal design in which 
devices engineered for a specific minority (e.g. automatic doors 
for wheelchair users) quickly became standard conveniences for 
all.

The third barrier was the demanding working hours. Work-
hour reform is urgently needed in Japan, where spine-surgery 
caseloads are rising (5). A classic randomized trial by Huddleston 
et al. tested a hospitalist–orthopedic ecomanagement team-
based physician system for hip and knee arthroplasty (12). 
Although conceived for patient care rather than duty limits, 
the model is instructive. Minor postoperative complications fell 
from 44% to 30%, and the adjusted length of stay shortened by 
12 hours without extra cost. In addition, 62% of patients were 
discharged uneventfully compared with 50% under the conven-
tional single-surgeon model. Such data reassure departments 
that distributing care among a team need not harm—and may 

in fact improve—outcomes.

Additionally, night-float systems address the after-hours 
burden. In Canada, Mann et al. replaced 24-h call with a 1-week 
night-float block (13). In their pilot study, 89% of orthopedic resi-
dents said the change improved quality of life and 100% felt that 
daytime educational value increased ; objective SF-36 scores 
matched age-matched Canadian norms. In Israel, a 2022 na-
tional survey by Apt et al. found that residents rated 16-h shifts 
as better for work–life balance compared with night-float but 
viewed both models as educationally safe ; 74% were unwilling 
to accept lower pay and 56% rejected adding more shifts, under-
lining the need for fiscal planning (14).

Taken together, team-based day coverage plus a structured 
night-float (or shortened-shift) roster can redistribute emergen-
cy workload, provide guaranteed off-days, and reduce fatigue. 
Successful adoption will, however, require additional staffing 
and budget. The experience from Canada and Israel suggests 
that once these systems are in place, improved morale can at-
tract more junior doctors, creating a positive spiral of personnel 
growth that partly offsets the initial resource demand. Govern-
mental or institutional subsidies will be essential to bridge the 
start-up phase.

The fourth barrier is gender‑imbalanced environment (includ-
ing lack of mentors / role models).

Respondents agreed that ergonomic tools and humane duty 
rosters will achieve little unless women can see someone like 
themselves succeeding at the spine table. A strong champion 
in spine surgery—whether a senior female surgeon or an ac-
tively supportive male ally—offers three essential benefits : (1) 
clear guidance for skill acquisition and career milestones, (2) 
practical advice on flexible scheduling and life-event planning, 
and (3) daily proof that modern technology can make physically 
demanding tasks manageable. International studies describe a 
“leaky pipeline” where female representation is robust in medi-
cal school but declines at each career rung within the fields of or-
thopedics and spine surgery, largely because mentors are scarce 
and women are under-represented on conference speaker panels 
(15, 16). Therefore, expanding structured mentorship—through 
national societies, online communities, and funded fellowships—
remains the single most effective strategy for retaining talent 
and preventing further leakage.

Limitations
This preliminary study has several limitations. First, not 

all students and residents who received the survey responded, 
and those who did might have been more positively inclined 
toward orthopedic surgery, introducing selection bias. Second, 
the sample came from a single university and the investigators’ 
personal networks, so other regional or institutional cultures 
that influence specialty choice were not captured. Third, the 
modest sample size limited the statistical power, preventing 
multivariable analyses and reducing our ability to detect small 
between-group differences. However, this study also has some 
notable strengths. It is the first to pair quantitative survey data 
with direct, written testimony from female trainees in Japan, 
providing a “real-voice” perspective that numbers alone cannot 
capture. The sequential mixed-methods design enabled the pro-
vision of qualitative insights to explain the quantitative trends, 
yielding actionable targets—mentorship, technology adoption, 
and work-practice reform—that can be tested in future interven-
tions. Finally, the complete dataset spans the full early-training 
spectrum, from fifth-year medical students to spine fellows, of-
fering a rare, end-to-end snapshot of the pipeline into orthopedic 
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and spine surgery.

CONCLUSION

This study examined attitudes in the current “neo‑genera-
tion” of trainees and found that orthopedics is a specialty many 
women actively wish to choose, indicating clear potential to 
increase the number of women orthopedic surgeons. At the same 
time, progression from orthopedics into spine subspecialization 
is impeded by modifiable barriers. These findings suggest that 
early, structured mentorship and ergonomic / technology sup-
ports, together with schedule redesign, may help convert exist-
ing interest into sustained participation in spine surgery. Future 
multi‑institutional, longitudinal studies should test these mea-
sures and quantify their impact on recruitment and retention. 
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