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ABSTRACT

Work-related musculoskeletal injuries (MSI) are frequent among urologists but often
underrecognized, affecting both personal wellbeing and healthcare system efficiency.
This study aimed to investigate the prevalence of work-related MSI and the correlation
with anthropometric and work characteristics in endourology. Fifty-five endoscopists
and nurses participated in a global online survey containing questions about
anthropometrics, demographics, work and procedure characteristics. Work-related MSI
were reported by 49% of respondents. No significant correlation was found between
demographic, anthropometric or procedure characteristics and the occurrence of
injuries (p > 0.05). The most frequent affected areas were lower and upper back, wrist,
and thumb. Prolonged procedural posture and repetitive movements were identified as
the main contributing factors. Urologists performing more flexible than rigid or semi-
rigid endoscopy reported a higher rate of upper back pain, while those sitting during
the procedure reported a lower incidence of upper back MSI (p<0.05). 9% of participants
had received ergonomic training. Limitations included the small number of nurses (n=2)
and potential response bias. Our findings align with earlier studies, confirming a high
work-related MSI prevalence among the urologists. This highlights the importance of
implementing preventing measures before, during and after the procedures. Given the
professional and economic consequences of work-related MSI, promoting ergonomic
awareness is essential. Performing the procedure while sitting, use of two-piece lead
aprons, pre-procedural warmups, and using light weight endoscope could improve
urologist’s ergonomics and should be targeted in ergonomic training programs.
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INTRODUCTION

Urology comprehends different type of specialties as endoscopy (rigid
and flexible), robotics and laparoscopy. This diversity of techniques and
environments presents significant ergonomic challenges in daily clinical
practice. Consequently, musculoskeletal injuries (MSIs) are frequent among
urologists with a rate reaching up to 86% (Tjiam et al., 2014), with female
specialists more affected (Razavi et al., 2025). MSIs are affecting not only
the physical health of the professionals, but also their mental health, reflected
by the high level of burnout among urologists, the highest among healthcare
professionals (Razavi and De, 2023).

The evolution from rigid to flexible endoscopes, brought not only
clinical, but also ergonomic advantages for the users, who do not need to
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bend or stretch as much during the procedures as in the past. Endourology
requires a physical interaction between the clinician and the device to
insert, guide and manoeuvre the tip of the endoscope. Despite technological
advancements, endoscope handle design has remained largely unchanged
for decades (Talyshinskii et al., 2024). More recently, the introduction of
single use endoscope allowed a reduction of the weight of the endoscope
with consequent better ergonomics by lowering required muscle activation
(Ludwig et al., 2017; Wright et al., 2022; Kim et al., 2024).

Ergonomics within the operating room has gained significant attention
(Cohen et al., 2024), driven by the need to minimize workplace injuries
and preserve career longevity amidst physician shortages (Kim et al., 2024),
and accommodate the increasing number of female specialists (Nam et al.,
2021). The rising prevalence of kidney stones (Chen et al., 2018; Bilal et al.,
2019), coupled with a shortage of urologists, suggests that the frequency of
ureteroscopy procedures per surgeon is likely to increase. This underscores
the importance of preventive ergonomic strategies to promote a safe and
sustainable working environment.

Although awareness of MSI in endourology is increasing, evidence on how
anthropometric characteristics, ergonomic habits, and procedural behaviors
relate to injury risk remains limited. To our knowledge, no study has yet
explored the correlation between anthropometric characteristics, ergonomic
practices, and the occurrence of MSI in urology. The aim of this study is to
investigate these correlations and to assess the status of ergonomic training
and preventive measures among urologists.

MATERIAL AND METHODS

A world-wide online survey was conducted from March to September 2025
involving clinically active doctors and nurses working in urology. The survey
was conducted according to the Declaration of Helsinki and the protocol
approved by the ethical committee of Ambu (reference: ANI-0037/2025). The
responders consented to participate in the study by submitting the anonymous,
not compensated and voluntary survey. The potential participants were
identified during international urology conferences and through newsletters.
The questionnaire comprised 45 questions including anthropometrics,
demographics, MSI experience and treatment, work-place characteristics
and preventive measures such as ergonomic training. To allow comparisons
with other fields of endoscopy and enhance content validity, the questions
were based partially on a previously developed questionnaire by the author
directed at gastrointestinal (GI) endoscopy (Bessone and Adamsen, 2022).
The survey design allowed respondents to skip not applicable questions,
which led to varying denominators across analyses; these are reported
accordingly in the tables.

Descriptive statistics were used to analyse the data. A chi-squared test
was performed to assess whether anthropometrical and demographic data,
working setup or ergonomics characteristics were associated with MSI. The
calculations were performed using IBM SPSS Statistics (IBM Corporation,
Armonk, NY, USA). Statistical significance was set at p<0.035.
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RESULTS

Fifty-six healthcare respondents participated in the survey; one subject was
excluded being a student. Fifty-three were doctors and two were nurses,
93% were older than 35 years and 64% men (Table 1). Four endoscopists
worked in the USA, 50 in Europe (Italy, Spain, Denmark, Netherlands, United
Kingdom, Germany, Sweden, France) and one in Algeria.

Table 1: Responders’ anthropometric and descriptive data vs. development of work-
related injuries (n [%]). The percentage is compared to the number of people in the
relative group.

Injury Experienced
Yes (n=27) No (n=28) Total (n=255)
Age (years) <35 3160.0%] 2 [40.0%] 519.1%] x?=5.581
35-44  10[64.3%] 6[35.7%] 16 [29.1%] p=0.233
45-54 6 [31.6%] 13 [68.4%] 19 [34.5%]
55-64 7163.6%]  4[36.4%] 11 [20.0%]
> 65 1[25.0%] 3[75.0%]  41[7.3%]

Gender Female 11 [55.0%] 7[45.0%] 20[36.4%)] x>=0.439
Male 19 [54.3%] 16 [45.7%] 35[63.6%)] p=0.508
Weight (kg) <50 0[0.0%] 1[100.0%] 1[1.8%)] 12=6.663
50-59  4[100.0%] 0[0.0%] 4(7.3%] p=0.353
60-69  9[56.3%] 7[43.8%] 16 [29.1%)]
70-79  8[57.1%]  6[42.9%] 14 [25.5%)]
80-89  5[35.7%] 9[64.3%] 14 [25.5%)]
90-99 2 [50%] 2[50.0%] 4[7.3%]
>100 1[50.0%]  1[50.0%] 2[3.6%]
Height (cm) <160 3[75.0%]  1[25.0%] 4[7.3%] $2=3.407
160-69  5[45.5%]  6[54.5%]  11[20.0%] p=0.492

170-79 12 [50.0%] 12[50.0%] 24 [43.6%]
180-89  4[33.3%] 8[66.7%] 12 [21.8%]
>190  3[75.0%] 1[25.0%]  4[7.3%]

Right-handed Yes 23[48.9%] 24[51.1%] 47 [85.5%] ¥2=0.003
No 41[50.0%] 4[50.0%]  8[14.5%] p=0.956
Surgical glove size <6.0 2[100.0%] 0[0.0%] 2 [3.6%] x*=11.320
6.5 6[54.5%] 5[45.5%]  11[20.0%)] p=0.07
7.0 7153.8%] 6[46.2%] 13 [23.6%)]
7.5 70292%]  17[71.8%] 24 [43.6%]
8.0 4[100.0%] 0[0.0%]  4[7.3%]
>8.5 1[100.0%] 0 [0.0%] 1[1.8%]
Use progressive lenses Yes 9 [60.0%] 6 [40.0%] 15[27.3%)] x>=0.982

No 18 [45.0%] 221[55.0%] 40 [72.7%] p=0.322
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Most of the responders (89%) had at least five years of experience and
perform both cystoscopy and ureteroscopy (Table 2), with more than 10
hours/week of active use of the endoscope for 36%.

Table 2: Procedure characteristics and development of work-related injuries in
endourology (n [%]). The percentage is relative to the number of people in the

relative group.

Injury Experienced

Yes (n=27) No (n=28) Total(n=2355)

Years of practicing <2 1[32.3%] 2 [66.7%] 31[5.5%)] ¥*=1.702
endoscopy 2-5 1[32.3%]  2[66.7%]  3[5.5%] p=0.889

6-15 12 [50.0%] 12[50.0%] 24 [43.6%]

16-25 10 [52.6%] 9 [47.4%] 19 [34.5%]

26-35 1[25.0%]  3[75.0%]  4[7.3%]

>35 1[50.0%]  1[50.0%]  2[3.6%]
You perform... Uretero- & 23 [48.9%] 24 [51.1%] 47 [88.7%]' %*=0.520

cystoscopy p=0.471

Cystoscopy 2 [33.3%] 4[66.7%] 6 [11.3%]"
Frequency of 0% 010.0%] 1[100.0%] 1[2.1%]* ¥*=11.421
performing flexible 10% 1[50.0%] 1[50.0%] 2[4.2%)2 p=0.248
ureteroscopy 20% 3[42.9%]  4[S7.1%]  7[14.6%]

30% 0 [0.0%)] 01[0.0%] 0 [0.0%]?

40% 1[100.0%] 01[0.0%] 1[2.1%)

50% 1[11.1%]  8[88.9%]  9[18.8%]

60% 1[50.0%]  1[50.0%] 2 [4.2%]

70% 2[100.0%] 01[0.0%] 2 [4.2%

80% 70583%] S[41.7%] = 12[25.0%]

90% 3[75.0%]  1[25.0%]  4[8.3%]

100% 6162.5%] 2[37.5%]  8[16.7%]
Average diagnostic < or =10 2166.7%)] 1[33.3%] 3[6.1%])° ¥*=1.705
ureteroscopy 11-20 10 [52.6%] 9 [47.4%]  19[38.8%)® 1=0.790
g:;:fi‘:?min) 21-30 7[43.8%] 9[562%] 16 [32.7%]

31-60 4157.1%]  3[42.9%]  7[14.3%]

> 60 0 [0.0%)] 0[0.0%] 0 [0.0%]?

Not sure 2[50.0%]  2[50.0%]  4[82%]
Average <or=10 1[50.0%]  1[50.0%]  2[4.1%]  yx2=4.181
therapeutic 11-20 1[100.0%] 0[0.0%] 1[2.0%)  p=0.524
;izt:;’izpy 21-30 3[30.0%]  7[70.0%] 10 [20.4%]
duration (min)  31-60 11 [50.0%] 11[50.0%] 22 [44.9%]

61-90 7[70.0%]  3[30.0%] 10 [20.4%]

>90 1[50.0%]  1[50.0%]  2[4.1%]

Not sure 1[50.0%]  1[50.0%] 2 [4.1%]

(Continued)
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Table 2: Continued.

Injury Experienced

Yes (n=27) No (n=28) Total(n=155)

Average diagnostic <or =35 14 [43.8%] 18[56.2%] 32[60.4%]' x*=1.334
cystoscopy 5-10 10 [53.6%] 9 [46.4%]  19[35.8% P=0.721
procedure 11-20 0[0.0%]  1[100.0%] 1[1.9%]
duration (min)

>20 1[100.0%] 0 [0.0%)] 1[1.9%]

Not sure 0[0.0%]  0[0.0%] 0[0.0%]'
Average <or=5 3[50.0%]  3[50.0%]  6[11.5%]* x>=2.585
therapeutic 5-10 8[50.0%]  8[50.0%]  16[30.8%]* 1=0.630
git::;‘l’iy 11-20 5[33.3%] 10[66.7%] 15 [28.8%]*
duration (min)  21-30 4166.7%] 2[33.3%]  6[11.5%]

>30 2066.7%] 1[33.3%]  3[5.8%]*

Not sure 3[50.0%]  3[50.0%]  6[11.5%]*
Break duration <or=10 3[37.5%] 51[62.5%] 8 [14.5%] ¥*=2.448
between two 11-20 7153.8%] 6[46.2%]  13[23.6%] P=0.485
procedures (min) ), 4, 9[47.4%] 10[52.6%] 19 [34.5%)]

>30 9 [60%] 6 [40%] 15 [27.3%]
Average number <or=35 3137.5%] 5162.5%)] 8 [14.5%] 1?=4.436
of procedures per .10 12[50.0%] 12[50.0%] 24 [43.6%] P=0.489
week 11-15 6[42.9%] 8[57.1%]  14[25.5%]

16-20 1[33.3%]  2[66.7%]  3[5.5%]

21-25 3[100.0%] 01[0.0%] 305.5%]

>25 2066.7%] 1[33.3%]  3[5.5%]
Hours per week < or =5 8 [36.4%] 14 [63.6%] 22 [40.0%] x?=7.864
of activeuse of .10 6[462%]  7[53.8%]  13[23.6%] ©P=0.164
endoscopes 11-15 5[62.5%] 3[37.5%]  8[14.5%]

16-20 5083.3%] 1[16.7%]  6[10.9%]

21-25 2 [100.0%] 0 [0.0%] 2 [(3.6%]

>25 1[25.0%]  3[75.0%]  4[7.3%]

'n=53, two subjects did not have the question. 2n=48, five subjects stated not to perform ureteroscopy
and two did not have the question. >n=49, six subjects did not answer the question. *n=52, three subjects
did not answer the question.

Ergonomic and work position characteristics are reported in Table 3. Only
one subject stated to warmup (stretching, mobility exercises, etc.) before
starting a procedure. Of the responders, 76 % adjusted the monitor position,
91% the patient bed’s height, 82% the pedals’ position and 2% use a floor
mat. Additionally, physicians wearing progressive/bifocal lenses were more
inclined to adapt the position of the monitor and the patient’s bed to their
height as well as the foot pedal placement (p<0.05). Endoscopists performing
longer therapeutic ureteroscopy procedures were more commonly adjusting
the height of the patient’s bed (p<0.05). Regarding the working position
during the procedure, 29% reported to sit, while 31% reported that it
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depends on the procedure. 71% reported to use a single piece led apron,
while 18% a two-piece. Ergonomic training had been completed by 9% of
the professionals, with a significant gender difference (p<0.05). 53% would
be interested in participating in an ergonomic training, with the interest
significantly higher among those who experienced MSI (p=0.013). 9% did
not perform any physical activity during the week. Among the physical
activities, running and walking (n=23, both) were the most common,
followed by cycling (n=18) and gym (n=16). 33% stated doing a leisure
activity that involves the use of the fingers, i.e. videogames, playing a musical
instrument.

Table 3: Responders’ ergonomic data and work-related injuries (n [%]). Statistical
differences were calculated within the groups and significance is highlighted in
bold (p < 0.05). The percentage is relative to the number of people in the relative

group.

Injury Experienced
Yes (n=27) No (n=28) Total (n=55)

Warm up Yes 0 [0.0%] 1[100.0%] 1[1.8%] 2=0.982
No 27 [50.0%)] 27[50.0%] 54[98.2%]  P=0.322

Adapt position of Yes 20 [47.6%] 22 [52.4%] 42[76.4%] x*=0.154

the monitor No 7 [53.8%] 6[46.2%] 13[23.6%] P=0.695

Adapt position of Yes 25[50.0%] 251[50.0%] 50[90.9%] ¥*=0.182

patient’s bed No 2 [40.0%)] 3[60.0%]  5[9.1%] p=0.670

Use of floor mat ~ Yes 1[100.0%] 0[0.0%] 1[1.8%] ¥*=1.020
No 24 [49.0%) 25[51.0%] 49[89.1%] P=0.312
N/A 2 [40.0%] 3[60.0%]  5[9.1%]

Adapt position of Yes 24 [53.3%] 21 [46.7%] 45 [81.8%] %*=0.681

foot pedals No 3[37.5%] 5162.5%] 8[14.5%]  p=0.409
N/A 0 [0.0%)] 2[100.0%] 2 [3.6%]

Lead apron used 1 piece 17 [43.6%)] 22[56.4%] 39[70.9%] ¥*=4.223
2 pieces 7 [70.0%)] 3[30.0%] 10[18.2%] »=0.121
Depends 2 [100.0%] 0[0.0%]  2[3.6%]
N/A 1[25.0%)] 3[75.0%]  41[7.3%]

Sit while Yes 6 [37.5%] 10 [62.5%] 16 [29.1%]  y?=1.512

performing the N 11 [50.0%] 11[50.0%] 22[40.0%] P=0.470

procedure Depends 10 [58.8%] 7[412%] 17 [30.9%]

Hand used to hold Left 3[50.0%] 3[50.0%]  6[10.9%] 12=0.004

the endoscope  Right 22 [48.9%] 23[51.1%] 45[81.8%] 1=0.998
Depends 2 [50.0%)] 2[50.0%]  4[7.3%]

Had ergonomic Yes 4180.0%)] 1[20.0%] 519.9%] ¥*=2.103

training No 27 [54.0%] 23[46.0%] 50[90.1%] p=0.147

Interested in Yes 19 [65.5%)] 10 [34.5%] 29 [52.7%] x>=8.752

erso?omic No 1[11.1%] 8[89.9%] 9[16.4%)] p=0.013

tralnlng

Maybe 7 [41.2%] 10 [58.8%] 17 [30.9%]
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49% of the responders experienced at least one work-related MSI, located
mainly in the lower back and thumb (n=10, both), wrist (n=9), neck (n=8) and
shoulder (n=7). When in a limb, MSIs were in 16 cases on the right side and in
four on the left. The MSI limited the physicians to go to work for two subjects.
Muscle/tendon strain was the most common MSI (n=9), followed by tendinitis
(n=7) and tension neck and mechanical back syndromes (n=5, both). Analgesics
(n=9) and anti-inflammatory medication (n=8) were the most frequently used
intervention, followed by rest (n=6) and exercise (n=5). According to the
injured responders, the cause leading to their MSIs was the position maintained
during the procedure (n=14), and the repetitive movements (n=9). The weight
(n=8) and size of the handle (n=6) were the most cited MSI causes related to
the endoscope. Using lighter ureteroscopes and cystoscopes were the most
requested changes towards the manufacturers (57% and 36%, respectively),
with 60% of female and 51% of male physicians wanting lighter ureteroscopes.

Anthropometric or descriptive characteristics demonstrated not to be risk
factors of MSIs (p>0.05). Urologists performing more flexible than rigid/
semi-rigid endoscopy had a higher risk of upper back pain, but a lower risk
of developing wrist MSIs (p<0.05). No correlations were found between the
duration of therapeutic and diagnostic ureteroscopies and the onset of MSIs,
but to shorter diagnostic and therapeutic cystoscopies correlated a lower risk
of developing upper back MSIs (p<0.05). Urologists sitting while conducting
a procedure reported a lower incidence of upper back MSI (p=0.006). Having
smaller hands (glove size < 6.5) did not relate to having experienced a MSI of
the thumb or fingers.

DISCUSSION

Recently, ergonomics has gained significant attention in urology, driven
by the need of reducing workplace injuries. This is essential not only to
preserve the career longevity of the physicians, but also to keep their health
to cover the increasing number of procedures (Chen et al., 2018; Bilal et
al., 2019). In this study, 49% of the surveyed professionals had experienced
at least one work-related MSI, which is in line with a previous publication
reporting occurrences up to 86% (Tjiam et al., 2014).

No anthropometric or demographic factors were significantly associated
with MSI occurrence. This contrasts with previous reports, such as Tjiam
et al. (2014), who found higher MSI rates among younger physicians, and
Razavi et al. (2025), reporting higher rates among female urologists. None of
the procedure characteristics were linked to a higher risk of developing MSI.
This aspect differs from GI endoscopy in which a higher procedure volume
was linked to a higher MSI rate (Bessone and Adamsen, 2022). A possible
explanation is that endoscopy constitutes only one part of the urologist’s
clinical workload, and other tasks may contribute more substantially to
physical strain. In fact, the weekly procedural volume and hours of active
endoscope use reported in this study were considerably lower than those
reported in GI endoscopy (Bessone and Adamsen, 2022).

The back was the primary locations of MSI, in line with past studies
(Elkoushy and Andonian, 2011; Lloyd et al., 2019). When located in a
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limb, MSI have been reported to be distributed mainly in the hand holding
the endoscope. Most of the physicians reported not taking any remedy, as
seen previously (Omar et al., 2020), and none stated to have had a surgery
due to MSI. However, 7% of injured respondents had taken time off work,
highlighting the broader impact of MSI on personal and professional life.
Absenteeism among urologists can impose substantial costs on healthcare
systems, with two weeks of missed work estimated at approximately
$100,000 (Zampini, 2025). This underscores the economic impact of
ergonomic interventions, which may be justified through cost-benefit analyses
of training programs and equipment redesign.

As other fields of endoscopy, also endourology can be considered as
a high-intensive endurance activity, with long procedure time applying
forces and torques, and wearing heavy lead aprons. Pre-procedural
warmups have shown to be beneficial in GI endoscopy (Siau and Anderson,
2019) but remain uncommon in urology—only one respondent in this
survey reported performing them. Given the physical load associated with
endourology, the integration of structured warmups, recovery protocols,
and ergonomic routines could meaningfully reduce fatigue and MSI risk.
Maintaining an active lifestyle is also recommended to prevent work-
related injuries, as supported by evidence from dentists (Sharma and
Golchha, 2011), and surgeons (Kitzmann et al., 2012), and should be
extended to urologists.

Respondents frequently identified nonergonomic working positions,
repetitive movements, and endoscope design features (e.g., weight and handle
size) as contributors to MSI. This reinforces the importance of optimizing
equipment positioning within the endoscopy suite. Proper adjustment of
monitor height and angle, patient bed position, and footpedal alignment is
known to reduce neck, shoulder, spine, and arm strain (Gabrielson et al.,
2021). Despite these recommendations, the present study found no correlation
between equipment adjustments and MSI occurrence—Ilikely due to a ceiling
effect, as most participants already reported practicing these adjustments.
Corrective lenses pose an additional ergonomic consideration. Previous
research showed an association between wearing bifocals/progressive lenses
and neck discomfort in Gl endoscopy due to limitations in monitor positioning
(Shergill et al., 2009). In this study, endourologists with progressive lenses
were more likely to adjust monitor and bed height, suggesting increased
compensatory behavior. Sitting during procedures emerged as a potentially
protective factor; respondents who sat reported lower rates of upperback
MSI. This could be explained by reduced spinal load from lead aprons and
improved postural stability when operating foot pedals in a seated position.
Regarding lead protection, twopiece aprons are generally recommended, as
they distribute weight more evenly between shoulders and hips (Gabrielson
et al., 2021).

As in a previous study of the author (Bessone and Adamsen, 2022),
“Ergonomic Time-out” is recommended to prepare the endoscopic room,
to ensure the correct equipment positioning and to perform a warmup. All
the above-mentioned best practices can be taught during specific ergonomic
training. Unfortunately, only a small portion of the urologists have received
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one (11%), despite its potential benefits in reducing MSI has been proven in
other medical specialties (Berquer et al., 2002; Edelman et al., 2017). The
importance of ergonomic training is nonetheless recognized by endoscopists
who had experienced MSI, and they reported to be willing to participate in
such training. This mismatch highlights a critical opportunity for structured
educational initiatives.

A limitation of the study is the low number of nurses participating. Besides
being heavily physically involved during the procedure, in several countries
nurses are also performing routine cystoscopies such as stent removal.
Potential response bias should also be considered, since physicians with past
or current experience of MSI could have been more likely to respond to the
survey. Moreover, future investigations should involve a higher number of
participants with an even wider geographical distribution. Looking ahead,
the increasing representation of women in urology (Nam et al., 2021; Marlicz
et al., 2021), and ongoing technological advancements in endoscope design
(Talyshinskii et al., 2024), may influence ergonomic needs and solutions.
Future studies should explore whether newer scopes with improved
ergonomics reduce MSI risk.

CONCLUSION

MSIs are frequent among healthcare professionals within urology, yet
awareness of work-related injuries remains limited. This gap perpetuates
the persistent taboo that physicians cannot be sick—an assumption that not
only undermines their wellbeing but also compromises the sustainability of
healthcare delivery. The impact of MSI on both private and professional life
of the physicians, as well as on the healthcare and social system cannot be
denied. This study shows that urologists are no exception regarding high
incidence of MSI. The low adoption of ergonomic training underscores
the need for structured interventions, including the implementation of an
“ergonomic time-out”.
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