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Abstract
Study design: This was a descriptive study through secondary analysis of aggregated data.

Purpose: This study aimed to describe changes in women's membership in the Japanese Society for Spine
Surgery and Related Research (JSSR) for orthopedic surgery and the Neurospinal Society of Japan (NSJ) for
neurosurgery over the past decade and make predictions for the future.

Overview of literature: Although the ratio of women physicians in the field of spine surgery is known to be
low worldwide, there is a lack of detailed surveys in Japan.

Methods: We sent emails to the JSSR and NSJ secretariats to verify membership information (gender and
age) from 2013 to 2022. Using ordinary least squares, we projected the years it would take for the JSSR and
NSJ to achieve a gender diversity ratio of 30%.

Results: In 2013, the percentage of women in JSSR and NSJ was 2.3% and 2.7%, respectively. However, after
2018, the percentage of women in NSJ will be higher than in JSSR, rising to 2.7% in JSSR and 4.7% in NSJ by
2022. It would require 101 years for the NSJ and more than 1,000 years for the JSSR to realize 30% gender
diversity.

Conclusions: JSSR and NSJ have low percentages of women. Improving gender diversity is an important
issue for both societies, and they may collaborate on finding a good solution. Both the JSSR and NSJ societies
need to actively address gender diversity and become more attractively represented in society for the next
generation of spine surgeons.

Categories: Public Health, Orthopedics, Occupational Health
Keywords: neurospinal society of japan, japanese society for spine surgery and related research, spine surgeon,
orthopedics, neurosurgery, gender diversity

Introduction
In 2020, the women's physician ratio under the age of 30 in Japan was 36.2%, reflecting the recent increase
in the number of women medical students [1,2]. On the other hand, the department with the lowest
percentage of women in 2020 was that of orthopedics (5.7%), followed by neurosurgery (6.4%). These
figures, unmistakably, did not align with the growing numbers of female physicians [3]. The low proportion
of female orthopedic and neurosurgical surgeons remains a common problem in the USA, Europe, and Asia
[4-6]. Worldwide, spine surgery is a subspecialty of orthopedics and neurosurgery. In Japan, similar to the
global context, two major spine surgical societies exist: the Japanese Society for Spine Surgery and Related
Research (JSSR) for orthopedic surgery and the Neurospinal Society of Japan (NSJ) for neurosurgery. The
objective for enhancing gender diversity was to achieve a minimum of 30% representation of women [7]. The
current rate of change from 2011 to 2022 was determined: it would take 160 years for the field of orthopedics
and 135 years for neurosurgery to reach the target of 30% gender diversity (30% representation of women)
[3]. Furthermore, in the 2020 population pyramid, men's orthopedic surgeons were most prevalent in the
50s, with declines in the 40s and 30s [3]. Given the trend away from surgery among younger male physicians
and the increasing proportion of female doctors, specialties that have historically been unpopular with
women are likely to face a downward trend in the future. This decline in these specialties could lead to a
decline in the subspecialty of spine surgery. Although the prevalence of men in leadership roles within the
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fields of orthopedics and neurosurgery could be due to the limited representation of women, male physicians
generally have a lower awareness of gender problems in the medical field [8,9]. Furthermore, many
orthopedic and neurosurgical practitioners lack awareness regarding the current proportion of female spine
surgeons. This information gap may exacerbate the existing situation.

In addition, the proportion of women physicians in orthopedics (2019) [10] and neurosurgery (2020) [6] by
country in Asia is 10% and 16.3% in Malaysia, 5% and 5.3% in Indonesia, 3.8% and not stated in Thailand,
3.3% and 9.6% in the Republic of the Philippines, 3.2% and 4% in Singapore, Myanmar 2% and 3.5%, Sri
Lanka 1.1% and 5%, Taiwan 1% and 3.8%, Korea 0.8% and 1.7%, India 0.5% and 2.8%, and China not stated
and 2%. Thus, we suggest that these problems prevail not only in Japan but also in the Asian orthopedic and
neurosurgical spine surgery societies.

Considering the strengths and challenges of diversity is critical. Meeting the diverse needs of diverse
patients requires a diverse workforce with diverse values. In spine surgery, women physicians may be better
able than men to gather information on genitourinary symptoms caused by spinal disease and to decide
when to operate, taking into account the menstrual cycle and infertility treatment. Therefore, women
physicians may be more satisfied with treatment than men physicians.

This study aimed to describe changes in women's membership in the JSSR and NSJ over the past decade and
make predictions for the future. The differences and similarities in gender issues in the two societies
obtained from this study will provide useful information for the resolution of this issue.

Materials And Methods
Since this was a de-identified, secondary analysis of aggregated data, no Ethics Committee approval was
required. We emailed the JSSR and NSJ offices to confirm the membership data, encompassing the gender
and age of their members, spanning 2013 to 2022.

Analyses
To quantitatively analyze the changes in women's membership in the JSSR and NSJ over the past decade,
descriptive statistics for categorical data are presented as frequency (percentage). To compare qualitative
variables between groups, the chi-square test was employed. To identify variations and shared
characteristics in gender diversity across the two organizations, population pyramids were constructed for
JSSR and NSJ members between 2013 and 2022. To predict the projected timeframe within which both
societies could achieve the 30% gender diversity target, the study employed the ordinary least squares
methodology. This method was used for estimating the duration required for JSSR and NSJ memberships to
reach the specified goal. This forecast was derived from a straightforward linear regression analysis, which
assessed the correlation between the number of years and the percentage of women. The percentage of
women was analyzed as the dependent variable, while the number of years was considered the independent
variable. The predictive models operated on the premise of an enduring linear trend, as affirmed by the data
and the assumption of a sustained proportion of women [11].

The calculated regression coefficient, along with its associated 95% confidence intervals (CI), was considered
the projected annual increase (PAN). Individual values of each of these, encompassing the regression
coefficient and 95% CI, were considered indicative of the PAN for each successive year. The analytical
procedures were performed with JMP® Pro software, version 16 (SAS Institute in Cary, NC, USA).

Results
The changes in women's membership in the JSSR and NSJ over the
past decade
Table 1 presents a comparison of gender ratios for JSSR and NSJ membership from 2013 to 2022.
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  JSSR NSJ p-value

2013 Women 86 (2.3) 21 (2.7) 0.495

 Men 3658 (97.7) 755 (97.3)  

2014 Women 89 (2.4) 23 (2.8) 0.488

 Men 3635 (97.6) 797 (97.2)  

2015 Women 89 (2.4) 24 (2.8) 0.457

 Men 3682 (97.6) 835 (97.2)  

2016 Women 93 (2.4) 29 (3.2) 0.203

 Men 3725 (97.6) 883 (96.8)  

2017 Women 93 (2.4) 32 (3.3) 0.119

 Men 3722 (97.6) 927 (96.7)  

2018 Women 87 (2.3) 40 (3.9) 0.003*

 Men 3754 (97.7) 973 (96.1)  

2019 Women 87 (2.3) 44 (4.1) 0.001*

 Men 3740 (97.7) 1024 (95.9)  

2020 Women 87 (2.3) 51 (4.4) <0.001*

 Men 3778 (97.7) 1107 (95.6)  

2021 Women 102 (2.6) 56 (4.5) <0.001*

 Men 3843 (97.4) 1176 (95.5)  

2022 Women 108 (2.7) 62 (4.7) <0.001*

 Men 3853 (97.3) 1244 (95.3)  

TABLE 1: Comparison of gender ratios among members of the JSSR and NSJ membership from
2013 to 2022.
JSSR: Japanese Society for Spine Surgery and Related Research; NSJ: Neurospinal Society of Japan.

*Statistically significant.

During this period, the number of men's memberships increased by 195 (from 3658 to 3853) and 489 (from
755 to 1244) in the JSSR and NSJ, respectively. However, the number of women's memberships increased by
22 (from 86 to 108) and 41 (from 21 to 62) in the JSSR and NSJ, respectively, with the number of NSJ
women's memberships tripling during the past ten-year period.

In 2013, the percentage of women surgeons in the JSSR and NSJ was 2.3%. After 2018, the percentage of
women surgeons in the NSJ exceeded that in the JSSR. By 2022, the percentage had increased to 2.7% in the
JSSR and 4.7% in the NSJ. Figure 1 shows the demographics of the JSSR and NSJ memberships by age and
gender in 2013 and 2022.
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FIGURE 1: Demographic composition of orthopedic surgeons in the
JSSR and NSJ by age and gender from 2013 to 2022.
From 2013 to 2022, the largest age group of men moved from the 40s to the 50s, and the number of younger male
spine surgeons declined. On the other hand, there has been a slight increase in the number of young women
spine surgeons.

JSSR: Japanese Society for Spine Surgery and Related Research; NSJ: Neurospinal Society of Japan.

Some data regarding the age of NSJ were missing. In 2013, 23.4% (177/755 individuals) of men and 23.8%
(5/21 individuals) of women were missing. In 2022, 15.1% (188/1244 individuals) of men and 9.7% (6/62
individuals) of women were missing. In 2013, the population pyramid for both the JSSR and NSJ showed that
men's surgeons were mostly in their 40s, followed by those in their 50s and 30s. However, women were
mostly in their 30s, followed by those in their 40s and 50s in both societies.

In 2022, the majority of men's surgeons in the JSSR were in their 50s, followed by those in their 40s, 30s, and
60s. However, most men's surgeons in the NSJ were in their 30s, followed by those in their 40s, 50s, and 60s.
The largest numbers of women were in their 30s, followed by those in their 40s and 50s, in the same order as
in 2013 in both societies.

When will JSSR and NSJ finally hit the 30% gender diversity goal?
The percentage in the JSSR will hit the 30% gender diversity goal by 3148, which will require 1126 years of
history starting in 2022 (PAN: 0.024, 95% CI: −0.012 to 0.061) (Table 2). However, this is not statistically
significant and is difficult to predict. Meanwhile, the NSJ will achieve the goal of 30% gender diversity in
2123, 101 years after 2022 (PAN: 0.25, 95% CI: 0.212% to 0.288%) (Table 2).

 Estimated period (years) PAN 95% CI p-value

JSSR 1126 0.025% −0.006% to 0.056% 0.100

NSJ 101 0.250% 0.212% to 0.288% <0.001

TABLE 2: Timeframe for JSSR and NSJ memberships to reach 30% of the gender diversity goal.
JSSR: Japanese Society for Spine Surgery and Related Research; NSJ: Neurospinal Society of Japan; PAN: predicted annual increase; CI: confidence
intervals.

Discussion
This study aimed to identify the status of gender diversity in the JSSR and NSJ over the past 10 years.

Differences and similarities between the JSSR and NSJ in gender
diversity and prospects
From 2013 to 2022, the ratio of women increased from 2.3% to 2.7% in the JSSR and from 2.7% to 4.7% in the
NSJ. Based on the 2022 population pyramid, the number of young male spine surgeons was decreasing, but
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that of female surgeons was slightly increasing in the JSSR; meanwhile, both genders were increasing in the
NSJ. A similar trend to the JSSR was shown in the population pyramid of the Japanese Orthopedic
Association in 2020 [3]. Since JSSR is a subspecialty of the Japanese Orthopedic Association, it is natural that
demographics would have an impact. According to the data released by the Ministry of Health, Labor, and
Welfare, the ratio of women doctors in Japan increased from 19.7% in 2012 to 22.8% in 2020. However, in
2020, orthopedics had the lowest percentage of women surgeons in major medical specialties at 5.7%,
followed by neurosurgery at 6.4% and cardiac surgery at 6.7% [3]. Furthermore, the JSSR and NSJ had lower
percentages of women than orthopedics, indicating that improving gender diversity could be an important
issue in both societies.

With regard to gender equality, the NSJ was more promising than the JSSR.

Regarding neurosurgeons, spine surgery generally has shorter operating times than neurosurgery, fewer
emergency surgeries than stroke, and a higher quality of life. In addition, the physical fitness issue that has
been a problem for women physicians has been overcome by the widespread use of minimally invasive spine
surgery. These may explain why the number of NSJ spine surgeons has increased in both men and women.
However, this finding needs to be verified in the future. Thus, the number of young spine surgeons in the
NSJ has been increasing, resulting in an upward trend in the number of spine operations by Japanese
neurosurgeons [12]. However, at the current pace, it will require 101 years for the NSJ and more than 1,000
years for the JSSR to realize 30% gender equality.

The number of spine surgeries has been increasing with the aging population [13]. Since spine surgeons in
the 40-50 age group, the largest age group in the JSSR, retire, the number of spine surgeons may no longer
meet the demand for spine surgery. The JSSR cannot neglect gender equality for over 1,000 years and the
NSJ for 101 years. Thus, reducing gender disparity is a pressing priority for quality assurance in spine
surgical care, not only to achieve gender diversity but also to preserve the number of spine surgeons.

Diversity in medicine: high value of women spine surgeons
Diversity in healthcare could facilitate better health outcomes, creativity, innovation, performance, and
morale, enhance patient satisfaction and patient-centered communication, and further improve the
aggregate knowledge and performance of the care team, ultimately directly benefiting both patients and
surgeons [2,7,14-17]. Both fields of orthopedics and neurosurgery have low gender diversity. Reports on the
reasons for low gender diversity have highlighted the disadvantages of women physicians, including a lack of
role models and career obstacles due to life events such as pregnancy, childbirth, and childcare, as well as
the physical challenges facing women physicians [3,15,18]. Therefore, there is a concern that the focus has
not been on the advantages of women physicians in the spine surgery field. Although pregnancy may be a
career barrier for female physicians, there may be advantages to being a physician who can relate to patients
who have experienced pregnancy, childbirth, and childcare. Studies have demonstrated that patients often
prefer to be treated by physicians of the same sex [19]. Intervention rates for orthopedic surgery are higher in
women than in men [20].

Known common spinal disorders in women include adolescent idiopathic scoliosis [21], degenerative lumbar
spondylolisthesis [22], and osteoporotic vertebral fractures [23]. Thus, the ideal situation might be where
female patients could choose a female physician. Female patients may report less postoperative pain to male
evaluators [19].

This reticence toward men may contribute to a failure to provide relief when a patient deviates slightly from
the expected postoperative course. In cardiology and internal medicine, it has been implied that women may
have a healthier prognosis when they are treated by female physicians [24]. Greenwood et al. demonstrated
that in myocardial infarction cases, female patients treated by male physicians had a higher mortality rate.
However, mortality rates were similar for men and women treated by female physicians [25]. Hospitalized
older patients managed by female physicians have also shown lower mortality and readmission rates than
those managed by male physicians [24]. These facts suggest that differences in practice patterns between
men and women physicians may have critical clinical relevance to patient outcomes. Of note, women
physicians understand more than men physicians the delicate issues that women patients face, such as
urinary and genitourinary symptoms caused by spinal cord disease. Furthermore, they make surgical
decisions that take into account the menstrual cycle and treatment plans that take infertility into account.
In particular, in patients undergoing infertility treatment, fertility declines rapidly after the age of 35 [26].
Therefore, female physicians could make more appropriate decisions on the timing and content of
treatment.

Proposed current and future efforts
The issues and causes of gender diversity are common in both societies. Regarding the impact of pregnancy,
childbirth, and childcare life events on careers, both societies may benefit from the establishment of
guidelines [10] that include institutionalized leave systems to assist life events such as childbirth, childcare,
and family care.
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Estonia (26.4%) and Sweden (16.8%), with the highest percentage of women orthopedic surgeons in 2020,
have the most extensive parental leave and progressive social programs [5].

Social policies that support pregnancy and childcare, as well as academia, enable women's participation in
the surgical workforce. Generous parental rights and progressive social policies may help promote women's
participation in spine surgery. Poor work-life balance is another common problem. However, the issue of
work-life balance is expected to improve in Japan with the introduction of working-hour regulations in 2024
and an improved environment.

Regarding the issue of physical strength, we suggest that with the development of minimally invasive spine
surgery techniques and advances in robotic surgery, the number of surgeries requiring physical strength
would decrease. Institutional leaders and senior mentors who support the academic activities of women
spine surgeons may also be important in gaining gender diversity in academia [10,27]. Participation in
academic meetings would also promote professional development, expand professional networks, and
provide mentors and role models [27]. The problem of a lack of role models and mentors must also be
resolved. The Gender Equality Bureau of Japan's Cabinet Office has recommended "positive action" for
realizing a gender-equal society. Positive action refers to those taken to ensure that group members who
have traditionally been treated unfairly for race, gender, or other reasons receive education, employment,
and other benefits. Positive action has several methods that may be useful for JSSR and NSJ gender equality.

The most common approach is to set specific benchmarks for the recruitment of women to key positions in
university hospitals and academic societies. However, there are few female mentors or role models in both
societies. Therefore, a fellowship grant for aspiring women spine surgeons from both societies to a facility
where women mentors and role models from both societies are in active practice could contribute to solving
the problem. The issue of creating mentoring opportunities for women spine surgeons is a common problem
in both societies, which could be resolved through collaboration between the two societies. Diversity
generally attracts the best talent and leads to increased innovation. The JSSR and NSJ need to actively
address gender diversity and become more attractive to the next generation of spine surgeons. Although
diversity-informed strategies vary by country, the principles would apply not only to Japan but also to other
Asian countries.

There are several limitations to the study. The presence of numerous missing values pertaining to the age of
NSJ membership posed challenges in the evaluation process. The absence of this critical data point makes it
intricate to accurately assess and analyze the demographics of the NSJ membership. The second limitation is
that this study only ascertained the current situation through direct electronic methods (e-mail) to the
society's office. A direct questionnaire to women spine surgeons is the next task, which would highlight the
problems and solutions to the shortage of women spine surgeons. Finally, the worldwide percentage of
women physicians in spine surgery may be low, but there are no detailed study cases available. This is also a
future challenge.

Comparing countries with low and high numbers of female spine surgeons may provide pertinent results
and indicate solutions regarding the role of government in accepting specialists and more privileges (e.g.,
salary) through gender-based capacity decisions.

Conclusions
The gender demographic trends of the JSSR and NSJ over the past 10 years were described. From 2013 to
2022, the proportion of women increased slightly in both the JSSR and the NSJ. Both societies lag in gender
diversity. Moreover, according to the current annual rate of change in this survey, it will take many years for
both the JSSR and the NSJ to reach 30% gender diversity. Both the JSSR and NSJ may become more attractive
to the next generation of spine surgeons by actively and cooperatively addressing the common issue of
gender diversity.
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