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New technologies for safe
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narrative review
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This paper investigates the intersection of gender health equity within two distinct
medical residency programs: obstetrics &gynecology and forensic pathology. It
specifically addresses the unique challenges that young female residents
encounter during pregnancy, emphasizing the Italian regulatory frameworks and
recommendations pertinent to both fields. The online search for this narrative
review was based on keywords such as: “medicine” AND “education” AND
“pregnancy” on the main online scientific database along with “metaverse” AND
“education” AND “pregnancy”. The analysis reveals the heightened risks faced by
female medical doctors in surgical and forensic environments, underlining the
need for targeted support. Additionally, this study explores the perceived
potential of augmented reality (AR) and the metaverse as innovative solutions to
mitigate biological risks, thereby enabling pregnant surgeons to maintain
effective practice during this critical period. The findings obtained from a
literature review aim to contribute to ongoing discussions about improving
gender equity in medical training and practice, regarding the surgical and
forensic field where the temporary stopping period may result in a different
surgical learning curve compared to that of male colleagues.
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Introduction

Gender health equity is a critical issue in healthcare and education, particularly in

surgical fields where disparities persist (1–4). The culture of delay of pregnancy among

female practitioners begins in the phases of pre-graduation training, when it would be

the desirable biological age (5) and persists for the training phase based on population

studies conducted (6, 7). In general, it is a real slippage of personal decisions, which

tend to be taken late compared with non-medical women in view of a conflict with

career goals (8). Many physicians both in their residency programs or immediately

after, decide to postpone childbirth, often recurring to oocyte cryopreservation (9).

Therefore, social freezing, a process where individuals choose to freeze their eggs or

embryos for future use, has become increasingly relevant also for women pursuing
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medical careers, as it allows female medical professionals to extend

their fertility. In general, the set of challenges for both surgical and

forensic pathology residents are largely overlapping and can be

summarized in exposure to chemical, physical and biological

hazards, physical strain and psychological stress. The two

residency programs (obstetrics &gynecology and forensic

pathology) have been chosen for implications in legislative terms

and for their similarity in requiring that part of the training is

specifically dedicated to surgical procedures, yet one performed

in surgical room and the other in autopsy room. The results of a

2021 Italian ministerial survey on the opinion of medical and

surgical residents enrolled from the second year of the course

have been recently published. The survey was conducted using

CAWI (Computer-Assisted Web Interviewing). Specific questions

were asked with the objective of investigating maternity/

parenting protection. To the question: “Are you aware of any

situations in your school where incidents of non-recognition of

compulsory or optional maternity/paternity leave have occurred?”

the percentages of positive responses were 0.3% for Obstetrics

and 3.2% for Forensic Medicine. Incidents of non-recognition of

breastfeeding or other daily rest allowances were reported from

2.2% of Obstetrics and Gynecology residents and 1.9% of

Forensic Medicine residents who reported incidents of non-

recognition of breastfeeding or other daily rest allowances (10).

Working with patients or handling dead bodies (as for Forensic

Pathologist) can expose residents to infectious diseases, including

bloodborne pathogens (e.g., HIV, hepatitis B and C). However,

forensic pathologists have additional issues related to working

with cadavers and biological materials. In addition to this the use

of formaldehyde and other chemicals in autopsy procedures may

pose specific risks. Both disciplines can lead to physical strain,

particularly during surgical sessions or autopsies, because of

heavy lifting or long hours at work.
Materials and methods

A preliminary global analysis about the technologies for safe

practice and training during pregnancy was carried out based on

research gathered by Pubmed, Scholar, Embase, Scopus, etc. The

identification of 32,221 articles was based on the keywords

“medicine” AND “education” AND/OR “pregnancy” without

time limit. 3,642 Articles in the English language were filtered

according to the evidence of the scientific research (based on the

strength of the evidence, sample size, quality of the studies, etc.).

3,620 Duplicates, research in other languages than English, data

not specific or not relevant for the topic (i.e., about gynecological

diseases or other forensic aspects) were excluded (Flowchart,

Figure 1). Our narrative review is written following PRIOR

Guidelines (11) (Supplementary Material).
Results

The 22 articles in our review are only related to the online

search about “pregnancy” AND “education” AND “medicine”.
Frontiers in Surgery 02
The literature highlighted no results about “metaverse” AND

“education” AND “pregnancy” (Table 1).
Discussion

The targeted literature review conducted shows that a real

cultural shift is required to reconcile motherhood and a surgical

career. with still little attention paid to the potential of new

technological tools when specifically applied to the training of

female residents in the areas of training with the highest risk for

pregnancy. Results from a survey conducted among young

female physicians to assess fertility, childbearing history,

reflections regarding decision-making, and perceptions of

workplace support, showed that 28.6% would have attempted

conception earlier, 17.1% would have gone into a different

specialty, and 7.0% would have used cryopreservation to extend

fertility (12). Compared with male surgeons, female surgeons

were more likely to delay having children because of surgical

training and were more likely to use assisted reproductive

technology. Compared with female non-surgeon partners, female

surgeons were more likely to have major pregnancy

complications, especially those operating 12 or more hours per

week (13). Discriminations regarding career goals has been

explored in a survey by Giantini et al. that demonstrated that a

notably higher number of women expressed worries regarding

the time available to date or marry (P = 0.042), the time they

could spend with family (P = 0.015), the ability to find time to

have a child during residency (P < 0.0001), the challenges of

taking maternity or paternity leave while in residency

(P < 0.0001), and concerns about being too old to have a child

after completing residency (P < 0.0001) (14). Pregnant medical

residents often face significant stress due to the physical demands

of their training and a lack of support from colleagues and their

department (15). It’s since 1986 that it has been observed that if

proper arrangements were made, pregnancy would not be a

major problem for either the training program or the pregnant

residents (16). Nevertheless, according to Rangel (17) a total of

135 interviewed (39.0%) strongly considered leaving surgical

residency, and 102 (29.5%) would discourage female medical

students from a surgical career, specifically because of the

difficulties of balancing pregnancy and motherhood with

training. Female surgeons face specific reproductive hazards that

can impact their fertility and pregnancy outcomes pertaining

both to intrinsic factors, such as delayed childbearing that

involves age related fertility issues or extrinsic factors such as

mechanical or biological hazards (18, 19). Forensic pathology is a

field for which no data is available, although hazards and stress

perceived might be like that of training surgeons. Surgical

specialties have specific challenges related to the rigor of training,

length and cultural factors related to a masculine interpretation

of surgical specialties (19, 20); Forensic Pathology seems to be

not seen as a male specialty. Flexible career pathways and work

patterns are required to overcome the cultural barrier in surgical

specialties (20). In Italy, there are specific regulations designed to

protect pregnant workers, including those in forensic pathology.
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FIGURE 1

Flowchart. The diagram details our search and selection process applied during the overview. Figure related to “pregnancy” AND “education” AND
“medicine”. No results reported about “metaverse” AND “education” AND “pregnancy”.
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Regulations surrounding pregnancy and maternity leave for female

surgeons and healthcare professionals are structured to ensure both

health equity and workplace safety. There is a complete prohibition

for pregnant workers to be exposed to some physical, chemical and

biological agents. Italian regulation applicable to pregnant female

healthcare workers is analyzed in detail. Law n 151/2001 (21),

Article 7, prohibits assigning female workers to tasks involving
TABLE 1 Literature review results using the pubMed database.

Keywords Search mode Results
Metaverse AND education
AND medicine

Metaverse (text word) AND education
(Text word) AND medicine (Text word)

3,642

Metaverse AND education
AND pregnancy

Metaverse (text word) AND education
(Text word) AND pregnancy (Text
word)

0
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the transport and lifting of weights, as well as to dangerous,

strenuous, and unhealthy jobs. Among these hazardous tasks are

those that pose risks of exposure to agents and working

conditions listed in Annex B. During the period of prohibition,

the worker will be assigned to other duties. Biological agents

classified as risk groups 2, 3, and 4 according to Article 268 and

Annex XLVI of Legislative Decree No. 81 of April 9, 2008 (22),

are also included (Table 2).

Apart from these absolute prohibitions there are many

protection measures that tend to support maternity. For example,

under the Italian budget law effective from January 1, 2019 (23),

pregnant women can choose to work until childbirth if certified

healthy by their doctor. They are entitled to five months of

compulsory maternity leave following the birth of their child.

This is a significant change from previous regulations, which

divided maternity leave into two segments: two months before
frontiersin.org

https://doi.org/10.3389/fsurg.2025.1513832
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


TABLE 2 Classification of biological agents based on their infection risk.

Risk group Description
1 Biological agents that present a low probability of causing disease in humans.

2 Biological agents that can cause diseases in humans and pose a risk to workers; unlikely to spread in the community; effective preventive or therapeutic
measures are usually available.

3 Biological agents that can cause serious diseases in humans and pose a significant risk to workers; may spread in the community, but effective preventive or
therapeutic measures are typically available.

4 Biological agents that can cause severe diseases in humans, pose a serious risk to workers, and have a high potential for community spread; effective
preventive or therapeutic measures are generally not available.
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and three months after childbirth. Compulsory maternity leave is

compensated at 80% of the salary used to calculate social security

contributions. Pregnant employees cannot be dismissed from

their jobs from the start of pregnancy until the child is one year

old, with very few exceptions. Employers are required to adjust

tasks for pregnant employees in physically demanding roles to

ensure their safety and that of the unborn child. The privileged

care attributed to pregnant women is suggested by the peculiar

attention given by several directives of the Council of Europe

that also supports maternity leave and breastfeeding. No one can

force a pregnant woman to work in risky conditions or to work

at night (24–27). Differently from European context, in US there

is not a specific ban for pregnant women to perform surgery and

continue their trainee program. In fact, operating during

pregnancy may be safe if the right conditions are met (28). In

the majority of OECD nations (Organization for Economic Co-

operation and Development), paid parental leave with

employment protection is a key component of family policy. By

allowing both parents to take time off from paid employment to

care for a very young child, paid parental leave primarily seeks to

support parents and kids. An overview of parental leave policies

and their implementation in OECD nations may be found in the

OECD Family Database. All but one OECD nation provides paid

maternity and paternity leave during childbirth at the national

level as of April 2022; however, the length, cost, and adoption of

these laws vary greatly throughout nations. Paid maternity leave

lasts 18.5 weeks on average throughout the OECD, but it can

vary from 43 weeks in Greece to none at all in the US (29). In

the United States there has been the intervention of the

Accreditation Council for Graduate Medical Education (ACGME)

that has obtained the requirement of lactation facilities and the

mandatory leaving for at least 6 weeks for all residency boards.

In August 2020, the American Community Survey (ACS) and the

ACGME Residency Review Committee released a statement

outlining the following measures to protect pregnant residents:

the residency program should support trainees’ medical needs; it

should design a flexible and equitable schedule that allows
TABLE 3 Comparison between US and EU on the protection of pregnant wo

Countries analyzed US
Regulations adopted • Family and Medical Leave Act (1993) (31).

• Pregnant workers Fairness Act (2023) (32).
Council D
improvem
recently g

Ban for pregnant workers No specific ban for risky activities. specific ba

Adjustment policy Reasonable accommodation required. Adjustme
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trainees to take time off while taking into account the needs of

other health care professionals; and it should offer at least six

weeks of paid parental leave for either or both parents (30).

A schematic representation of the comparison between US and

EU is provided in Table 3.

Up to 12 weeks of unpaid, job-protected leave are granted to

qualified employees annually under the Family and Medical

Leave Act (FMLA) (31). It also mandates that their group health

benefits be maintained while they are on leave. Companies with

50 or more employees, as well as all public and private primary

and secondary institutions, are covered by the FMLA. For any of

the following reasons, these employers are required to offer up to

12 weeks of unpaid leave annually to an eligible employee: for

the birth and upbringing of a worker’s newborn; for a kid in

foster care or adoption to be placed with the staff; to take care of

a parent, spouse, kid, or other member of one’s immediate

family who has a serious illness; or to take medical leave when

an employee is unable to work due to a serious illness. In

addition to this, more recently, the Pregnant workers Fairness

Act (PWFA) for eligible candidates or workers with known

restrictions, the PWFA offers appropriate accommodations.

Physical or mental conditions associated with, impacted by, or

resulting from pregnancy, childbirth, or related medical

conditions are considered “limitations” under the PWFA (32).

“Reasonable accommodations” are changes that could be

provided in the work environment or the way things are usually

done at work. Nevertheless, if making a reasonable

accommodation would put an unreasonable burden on the

employer, the PWFA does not require the employer to do so

(“undue hardship”). Differently from the US, in Europe the

discipline is more stringent (33), since risky activities are

outlined by law and divided into generic and specific hazards.

Generic hazards include nocturnal work, hazards resulting from

inappropriate rest/nutrition/hygene, standing activities, sitting

activities, occupational stress, etc. whereas specific hazards

include risk deriving from all chemical, biological and physical

agents. Employers must take action to protect female employees
rkers.

EU
irective 92/85/EEC of 19 October 1992 on the introduction of measures to encourage
ents in the safety and health at work of pregnant workers and workers who have
iven birth or are breastfeeding (33).

n for risky activities.

nt of the workplace often regulated by law in several Member States.
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when hazards are discovered, for as by giving them leave or

relocating them to a different role. Workers who are pregnant

are exempt from working night shifts as long as they can provide

a medical certificate. During working hours, pregnant employees

are permitted to have prenatal medical exams without losing

their wages. A minimum of 14 consecutive weeks of maternity

leave, including at least two weeks of mandatory maternity leave,

are required under the regulation before and/or after delivery.

There are safeguards against every risk mentioned by the

European directive and employers are responsible for choosing

the measures that best suit their needs while adhering to local,

state, and federal laws.

Despite this important set of institutional protection for

pregnant workers, residents need also to potentiate their

practice during gestational period and continue their training.

It would be possible with specific tools, as metaverse. From the

research conducted, there are 0 articles with metaverse related

to healthcare education in pregnancy as shown in Table 1. On

the other hand, thousands of articles in the last few years

analyzed the use of metaverse for training purposes in

medicine. The results demonstrate that the analyzed

regulations are particularly restrictive, effectively prohibiting

pregnant women from accessing environments that pose health

risks. Scientific societies and the broader scientific community

continue to discuss achieving equitable training standards for

pregnant women (34), given the prevailing culture that views

time spent away from practice as time lost (35). While there

are objective limitations in identifying options to adapt to

careers, there is also a pressing need to identify informed

policies to guide workplace adaptations for physicians who are

pregnant (36). New technologies possess substantial potential

to transform healthcare significantly. By integrating with the

Internet of Medical Devices, quantum computing, and

robotics, the metaverse is positioned to redefine healthcare

systems (37). The metaverse offers limitless possibilities and is

expected to influence future advancements in medical science

and technology (38). Telemedicine can greatly diminish

barriers for patients seeking medical treatment, enabling

healthcare providers to overcome geographical constraints and

optimize the use of medical resources. Furthermore, sharing

patient data can facilitate advancements in clinical research

(38). Nevertheless, until this moment, metaverse and

augmented reality have been analyzed for their specific

potential for medical (39) and surgical training without a

gender-based perspective. Pregnant surgeons could benefit

from AR and metaverse by participating in surgeries through

remote guidance without compromising safety. Surgeons can

practice skills and collaborate remotely without physical

constraints. This immersive platform would allow pregnant

surgeons to engage in training and mentoring without direct

exposure to surgical risks. Pregnant surgeons can engage in

surgical procedures through AR, minimizing physical strain

and exposure to hazardous conditions. Telemedicine also

appears as a great tool to continue receiving patients, letting

pregnant women continue their activity even in case of

presence of a biohazard that discourages direct contact with
Frontiers in Surgery 05
patients. These technologies could reduce exposure to harmful

agents while maintaining surgical proficiency, although no data

is available in literature.
Conclusions

The intersection of gender health equity in surgical practices

and forensic pathology reveals significant gaps in addressing the

unique challenges faced by young female surgeons during

pregnancy. By comparing regulations across both fields, we

identify critical areas for improvement. Furthermore,

technological advancements such as AR and the metaverse

present promising solutions that allow pregnant surgeons to

continue their practice, while minimizing biological risks.

Future efforts should focus on developing comprehensive

guidelines that prioritize gender equity and leverage technology

to create safer working environments for all healthcare

professionals. Most of the papers concentrate on the

repercussions of metaverse on training without a specific

gender-based approach. Gynecology and forensic pathology are

united by the important role attributed to anatomy, that

requires constant practice in surgical and sector room and the

biological risk that occurs during pregnancy. For both residency

programs, as for all pregnant healthcare professionals, exposure

to biological risk is forbidden during pregnancy. Even if

metaverse has been largely analyzed, especially in the last few

years regarding its applications in education, there is still a lack

of evidence regarding its specific role in bridging the gap for

pregnant surgeons to keep them in in training even in the

period the surgical/sector room is forbidden by law, without

keeping in training especially in what concerns manual

dexterity. Italy’s regulatory framework protects against gender

disparities (40), supporting female workers and in particular

surgeons during pregnancy by providing comprehensive

maternity leave policies, job protection, and access to healthcare

services. However, there remains a need for continuous

improvement in workplace accommodations and the integration

of technology to enhance safety and professional development

for young female surgeons, including those in training as

gynecologists or forensic pathologists. By ensuring that these

professionals can continue practicing during pregnancy, while

minimizing risks through innovative technologies, Italy can

further advance gender health equity in surgical fields. Further

studies are also needed to assess whether this is a real need for

practicing pregnant surgeons.
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