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ABSTRACT

Background and study aims Previous studies have sug-

gested a high prevalence of musculoskeletal injuries (MI) in

endoscopists. Little evidence has come from European

countries. Our main aim was to evaluate the prevalence,

type, and impact of MI among Portuguese endoscopists.
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Introduction
Self-reported musculoskeletal pain has been shown to affect up
to 20% of adults in the general population and is a significant
cause of disability that affects social functioning, mental health
and quality of life (QoL) [1].

Occupational musculoskeletal injuries (MI) are an increasing
problem among healthcare professionals [2–4]. Approximately
10% of workers in the European Union are healthcare employ-
ees, with this sector having the second-highest incidence rate
of work-related MI, after construction [5]. A recent retrospec-
tive observational study based on the analysis of 1621 cases of
work-related accidents of employees of Centro Hospitalar Uni-
versitário de São João (Porto, Portugal) from January 2011 to
December 2014 identified a total of 824 cases of MI, which cor-
responded to a total of 22159 lost workdays [6].

Gastrointestinal endoscopy has assumed an exponential role
in the diagnostic and therapeutic approach of conditions, with
an increasing number of procedures performed worldwide [7–
9]. The ever-growing performance of longer, more complex
and technically challenging procedures such as endoscopic
retrograde cholangiopancreatography (ERCP), endoscopic ul-
trasonography (EUS), endoscopic submucosal dissection (ESD)
or natural orifice transluminal endoscopic surgery (NOTES)
may predispose endoscopists to higher rates of overuse injuries
than previously reported [10, 11].

Furthermore, the increasing scope of cancer screening pro-
grams will inevitably lead to an increase in demand for endo-
scopic procedures [12, 13].

Gastrointestinal endoscopy requires the physician to per-
form repetitive motions in challenging positions. Several stud-
ies and guidelines have been carried out on patient safety and
quality of gastrointestinal endoscopy [8, 14]. However, less
data are available on the safety and welfare of the endoscopists
themselves, with little reported information about short-term
and long-term disability from endoscopy-related MI [15].
Some studies have suggested a high prevalence of MI in endos-
copists, including among fellows in training [16–23]. A sys-
tematic review estimated that 39% to89% of endoscopists de-
veloped work-related MI [24]. A recent study among active

members of the American Society for Gastrointestinal Endos-
copy (ASGE) reported that 53% of endoscopists had a MI relat-
ed to endoscopy and identified higher procedure volume, num-
ber of weekly hours performing endoscopy, and number of
years performing endoscopy as factors associated with a higher
rate of MI [10]. Nevertheless, ergonomic factors like bad pos-
ture during the procedure [18] or poor ergonomic design of fa-
cilities [16] have also been related to development of MI.

Despite previous American [10, 17, 19, 22–23], Korean [18],
and Japanese [20] reports on this topic, little evidence has
come from European countries. Therefore, our main aim was
to evaluate prevalence, type, and impact of MI in regular and
labor activity among Portuguese endoscopists. We also sought
to identify risk factors for development, severity, and number
of endoscopy-related MI.

Material and methods
We conducted an electronic survey directed to all endoscopists
who are members of the Portuguese Society of Gastroenterol-
ogy (SPG). Members who have ever performed endoscopy were
eligible to participate. At least 6 months of endoscopy practice
was required for participation. Informed consent was implied
by the response to the survey. No financial compensation was
given for participation. Ethical approval was obtained from the
Ethics Committee for Health of the Centro Hospitalar Universi-
tário de São João (Porto, Portugal).

Survey instrument

A 39-question, self-administered, electronic survey was devel-
oped by a group of gastroenterologists from 21 Portuguese
centers and a physiatrist (Supplementary Table1). Survey
items were generated based on a review of the literature and
multidisciplinary discussion. The survey was initially distribu-
ted, tested, and optimized among endoscopists of the Gastro-
enterology Department of Centro Hospitalar Universitário de
São João to evaluate the content, clarity of the questions, and
time necessary to complete the survey. The final survey eval-
uated endoscopist characteristics, workload parameters, type,
treatment, and impact of MI (including the severity of worst

We also sought to identify risk factors for the development,

severity and number of endoscopy-related MI.
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was developed by a multidisciplinary group. The electronic

survey was sent to all members of Portuguese Society of

Gastroenterology (n =705) during May 2019. Study data

were collected and managed using REDCap electronic data
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quent being neck pain (30.4%) and thumb pain (29.2%).

The median time for MI development was 6 years (range 2

months-30 years). Severe pain was reported by 19.3%.

Change in endoscopic technique was undertaken by 61.3%

and reduction in endoscopic caseload was undertaken by

22.7%. Missing work was reported by 10.1%, with the me-

dian time off from work being 30 days (range 1–90). Female
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Conclusions Prevalence of MI was significant among Por-

tuguese endoscopists and had a relevant impact on regular

and professional activities.
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pain ever felt assessed by the Numerical Rating Scale [NRS]).
Severe pain was defined as NRS ≥8 [25]. The survey required
approximately 5 minutes to be filled out.

Survey administration

The electronic survey was sent to all members of SPG who met
inclusion criteria (n =705), during May 2019. Subjects were
contacted via email to participate. The initial email included a
cover letter explaining the study and a link to the survey. A re-
minder email was sent 2 weeks after the initial invitation. One
month after the first email, the survey was terminated. All the
answers remained anonymous. Study data were collected and
managed using REDCap electronic data capture tools hosted
at SPG–CEREGA.

Statistical analysis

All data were arranged, processed, and analyzed with SPSS
v.24.0 data. For analysis of the characteristics of the endos-
copists and endoscopy-related data, responders were classified
into two main groups (those with or without MI). For analysis of
prevalence, type, treatment and impact of MI, consultants and
fellows were analyzed separately. Categorical variables were
described through absolute and relative frequencies and con-
tinuous variables were described through mean, standard de-
viation, median, minimum and maximum. Hypotheses were
tested using Fisher’s exact test and Pearson chi-square test for
categorical variables, independent sample t-test and one-way
ANOVA for continuous variables with normal distribution and
Mann-Whitney test and Kruskal-Wallis test for continuous vari-
ables with non-normal distribution.

Binary logistic regression was used to identify factors asso-
ciated with MI and factors associated with severe pain. Vari-
ables having P<0.150 on univariate analysis were incorporated
into a stepwise multivariate regression model to confirm its in-
dependent association with the expected outcome. A stepwise
multiple linear regression was performed to identify the vari-
ables associated with the number of MI. All significance levels
were set at P <0.05.

Results

A total of 705 endoscopists (624 consultants and 81 fellows)
were invited to participate. The survey was completed by 171
individuals (24.3%). The response rate was higher among fel-
lows compared to consultants (46.9% vs. 21.3%).

Endoscopist characteristic

Characteristics of endoscopists are summarized in ▶Table 1.
Fifty-five percent were female, with a median age of 36 years
(range 26–78). Most of the respondents were currently per-
forming endoscopy (97.7%). Fifty-two percent worked in aca-
demic centers (AC), 41.5% in community centers (CC) and
63.7% in private practice (PP), with 56.1% having more than
one work-setting simultaneously.

Endoscopy-related data

A detailed description of endoscopic procedure-related data
and endoscopy workload parameters can be seen in ▶Table 2
and ▶Table 3, respectively. Median time of endoscopic practice
was 9 years (range 0.5–45.0). The majority performed esopha-
gogastroduodenoscopy (EGD) and colonoscopy, 21.6% ERCP
and 21.6% EUS.Over 90% performed therapeutic endoscopic
procedures.

Median weekly-working time was 50 hours (range 5–75).
Median weekly-time performing endoscopy was 25 hours
(range 3–52), with a higher proportion of time spent perform-
ing EGD and colonoscopy (median 30% and 60%, respectively).

Most endoscopists took breaks (83%) during endoscopic
practice. The main usual environmental modification made
during endoscopy was the use of a height-adjustable table
(92.4%).

Prevalence and type of musculoskeletal injuries

One hundred and twenty-nine respondents (75.4%) reported
having experienced MI since the start of endoscopic practice.
Prevalence of at least one MI related to endoscopy was 69.6%
(n=119) (▶Table4). Median time for MI development was 6
years (range 2 months-30 years). Median NRS value of the
most painful area was 5 (range 1–10). Severe pain was reported
by 19.3%. Although there was no significant difference be-
tween prevalence of MI in consultants and fellows (70.7% vs.
65.8%, P=0.555), consultants had a significantly higher num-
ber of MI (median 3 vs. 2, P=0.007). Except for the first year in
practice, fellows were similarly distributed across the 4 years of
their fellowship (first year: n =4 [10.5%]; second year: n =12
[31.6%]; third year: n =9 [23.7%]; fourth year: n =13 [34.2%]).
Despite no available data on three fellows, in 50% (11/22) MI
occurred during the first year of fellowship, 27.3% in the sec-
ond year, 18.2% in the thirrd year and 4.5% in the last year.
The prevalence of MI did not differ significantly between each
year of fellow in training [first year: n =3/4 (75%); second year:
n =6/12 (50%); third year: n =6/9 (66.7%); fourth year: n =10/
13 (76.9%); P=0.532].

The most frequently reported types of MI were neck pain
(30.4%) and thumb pain (29.2%). Wrist pain and hand numb-
ness were significantly more prevalent among consultants
than fellows, with no significant differences regarding the re-
maining MI.

Impact of MI, practice modifications, and treatment

A complete overview of the impact of MI, practice modifica-
tions and treatment is described in ▶Table5. Almost half the
respondents with MI (45.4%) reported symptoms during both
work and daily activities, while 20.2% were only symptomatic
during endoscopy. In 22.7%, symptoms were present all the
time. Change of endoscopic technique was undertaken by
61.3%, with 7.0% reported sitting while performing endoscopy.
The most commonly undertaken practice modification was
using of adjustable bed (49.6%), although 26.9% reported not
undertaking any modification. Reduction of endoscopic case-
load was performed in 22.7% of the respondents, with a signif-

E472 Morais Rui et al. Prevalence, risk factors… Endoscopy International Open 2020; 08: E470–E480

Original article



▶ Table 1 Characteristics of endoscopists.

Total [n (%)]

n=171

No endoscopy-related

MI [n (%)]

n=52

Endoscopy-related

MI [n (%)]

n =119

P value

Gender 0.068

▪ Female 94 (55.0%) 23 (44.2%) 71 (59.7%)

▪ Male 77 (45.0%) 29 (55.8%) 48 (40.3%)

Age, median (range), years 36 (26–78) 34 (26–76) 37 (27–78) 0.076

Dominant hand 0.251

▪ Right 157 (91.8%) 45 (86.5%) 112 (94.1%)

▪ Left 10 (5.9%) 5 (9.6%) 5 (4.2%)

▪ Ambidexterity 4 (2.3 %) 2 (3.9%) 2 (1.7%)

Glove size 0.734

▪ Small 54 (31.6%) 15 (28.9%) 39 (32.8%)

▪ Medium 79 (46.2%) 23 (44.2%) 56 (47.1%)

▪ Large 34 (19.9%) 13 (25.0%) 21 (17.6%)

▪ Extra-Large 4 (2.3 %) 1 (1.9%) 3 (2.5%)

Physical activity level1 0.725

▪ Vigorous 5 (2.9 %) 1 (1.9%) 4 (3.4%)

▪ Moderate 37 (21.6%) 12 (23.1%) 25 (21.0%)

▪ Light 81 (47.4%) 27 (51.9%) 54 (45.4%)

▪ Sedentary 48 (28.1%) 12 (23.1%) 36 (30.2%)

Height, median (range), cm 170 (150–190) 172 (156–190) 169 (150–186) 0.020

Weight, median (range), kg 65 (47–92) 68.5 (50–92) 64 (47–89) 0.138

BMI, median (range), kg/m2 22.6 (17.6–31.6) 22.3 (18.1–31.5) 22.7 (17.6–31.6) 0.817

Endoscopist’s experience 0.564

▪ Fellow 38 (22.2%) 13 (25.0%) 25 (21.0%)

▪ Consultant 133 (77.8%) 39 (75.0%) 94 (79.0%)

Practice setting2 0.491

▪ AC (only) 29 (17.0%) 10 (19.2%) 19 (16.0%)

▪ CC (only) 32 (18.7%) 9 (17.3%) 23 (19.3%)

▪ PP (only) 14 (8.2%) 5 (9.6%) 9 (7.6%)

▪ AC+PP 57 (33.3%) 19 (36.6%) 38 (31.9%)

▪ CC+PP 36 (21.0%) 7 (13.5%) 29 (24.4%)

▪ AC+CC 1 (0.6 %) 1 (1.9%) 0 (0.0%)

▪ AC+CC+ PP 2 (1.2 %) 1 (1.9%) 1 (0.8%)

MI, musculoskeletal injuries; BMI, body mass index; AC, academic center; CC, community center; PP, private practice
1 Vigorous: 6–7 days/week; moderate: 3–5 days/week; light: 1–2 days/week; sedentary: little to no exercise
2 Includes both small and large practice settings.
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▶ Table 2 Endoscopic procedure-related data.

Total [n (%)]

n =171

No endoscopy-related MI

[n (%)]

n=52

Endoscopy-related MI

[n (%)]

n=119

P value

Years in practice,median (range) 9 (0.5–45) 6 (0.5–44) 9 (0.5–45) 0.027

Type of endoscopic procedures performed

EGD –

▪ No 0 (0.0%) 0 (0.0%) 0 (0.0%)

▪ Yes 171 (100%) 52 (100.0%) 119 (100%)

Colonoscopy 0.347

▪ No 2 (1.2%) 0 (0.0%) 2 (1.7%)

▪ Yes 169 (98.8%) 52 (30.8%) 117 (98.3%)

ERCP 0.840

▪ No 134 (78.4%) 40 (76.9%) 94 (79.0%)

▪ Yes 37 (21.6%) 12 (23.1%) 25 (21.0%)

Diagnostic EUS 0.690

▪ No 134 (78.4%) 42 (80.8%) 92 (77.3%)

▪ Yes 37 (21.6%) 10 (19.2%) 27 (22.7%)

Therapeutic EUS 0.876

▪ No 157 (91.8%) 48 (92.3%) 109 (91.6%)

▪ Yes 14 (8.2%) 4 (7.7%) 10 (8.4%)

BAE 0.278

▪ No 154 (90.1%) 49 (94.2%) 105 (88.2%)

▪ Yes 17 (9.9%) 3 (5.8%) 14 (11.8%)

Therapeutic endoscopy

Therapeutic endoscopy 0.517

▪ No 16 (9.4%) 6 (11.5%) 10 (8.4%)

▪ Yes 155 (90.6%) 46 (88.5%) 109 (91.6%)

EMR 0.254

▪ No 27 (15.8%) 11 (21.2%) 16 (13.4%)

▪ Yes 144 (84.2%) 41 (78.8%) 103 (86.6%)

ESD 0.652

▪ No 157 (91.8%) 47 (90.4%) 110 (92.4%)

▪ Yes 14 (8.2%) 5 (9.6%) 9 (7.6%)

Endoscopic stenting

▪ No 100 (58.5%) 31 (59.6%) 69 (58.0%) 0.842

▪ Yes 71 (41.5%) 21 (40.4%) 50 (42.0%)

Endoscopic dilation 0.405

▪ No 79 (46.2%) 27 (51.9%) 52 (43.7%)

▪ Yes 92 (53.8%) 25 (48.1%) 67 (56.3%)
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▶ Table 2 (Continuation)

Total [n (%)]

n =171

No endoscopy-related MI

[n (%)]

n=52

Endoscopy-related MI

[n (%)]

n=119

P value

PEG 0.299

▪ No 59 (34.5%) 21 (40.4%) 38 (31.9%)

▪ Yes 112 (65.5%) 31 (59.6%) 81 (68.1%)

MI, musculoskeletal injuries; EGD, esophagogastroduodenoscopy; ERCP, endoscopic retrograde cholangiopancreatography; EUS, endoscopic ultrasonography; BAE,
Balloon-assisted enteroscopy; EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection; PEG, percutaneous endoscopic gastrostomy

▶ Table 3 Endoscopy workload parameters.

Total

n=171

No endoscopy-related MI

[n (%)]

n=52

Endoscopy-related MI

[n (%)]

n=119

P value

Weekly-working time, median (range), hours 50 (5–75) 52.5 (15–75) 50 (5–70) 0.171

Weekly-time performing endoscopy, median
(range), hours

25 (3–52) 25 (10–50) 25 (3–52) 0.361

Weekly proportion of time Performing endoscopy,
median (range), %

50 (15–100%) 50 (23–100%) 50 (15–95%) 0.690

Proportion of time performing procedures, median (range), %

▪ EGD 30 (5–100%) 40 (10–90%) 30 (5–100%) 0.020

▪ Colonoscopy 60 (0–90%) 50 (10–90%) 60 (0–90%) 0.030

▪ ERCP 0 (0–40%) 0 (0–40%) 0 (0–40%) 0.644

▪ Diagnostic EUS 0 (0–40%) 0 (0–40%) 0 (0–32%) 0.743

▪ Therapeutic EUS 0 (0–20%) 0 (0–8%) 0 (0–20%) 0.952

▪ BAE 0 (0–20%) 0 (0–5%) 0 (0–20%) 0.127

Proportion of procedures under general
anesthesia median (range), %

60 (0–100%) 60 (0–100%) 63 (0–100%) 0.807

Breaks during endoscopy1 0.256

▪ Never 29 (17.0%) 12 (23.1%) 17 (14.3%)

▪ Occasionally 126 (73.7%) 34 (65.4%) 92 (77.3%)

▪ Frequently 16 (9.4%) 6 (11.5%) 10 (8.4%)

Environmental modifications during endoscopy2

▪ Height-adjustable table 158 (92.4%) 48 (92.3%) 110 (92.4%) 0.977

▪ Monitor at eye level 122 (71.3%) 40 (76.9%) 82 (68.9%) 0.359

▪ No helping to move patients 51 (29.8%) 15 (28.8%) 36 (30.3%) 0.853

▪ Sitting 12 (7.0%) 3 (5.8%) 9 (7.6%) 0.673

▪ None 6 (3.5%) 1 (1.9%) 5 (4.2%) 0.456

MI, musculoskeletal injuries; EGD, esophagogastroduodenoscopy; ERCP, endoscopic retrograde cholangiopancreatography, EUS: endoscopic ultrasonography; BAE,
Balloon-assisted enteroscopy
1 Occasionally: 1–2 times per shift; Frequently: 3–4 times per shift
2 More than one may be present per endoscopist
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icantly higher proportion in consultants than in fellows (27.7%
vs. 4.0%, P=0.014). Missing work was reported by 10.1%, with
the median time off from work being 30 days (range 1–90). In
33.6%, MI led to a reduction in physical activity (PA) outside of
work.

In 25.2%, no targeted treatment was performed, especially
in fellows (56.0% vs. 17.0% in consultants, P <0.001). The
most common specific treatments performed included NSAIDs
(57.1%) and physiotherapy (30.3%). Surgery was performed on
two endoscopists (▶Fig. 1).

One hundred and forty-five respondents (84.8%) would be
interested in having their work setting assessed ergonomically,
while 128 (74.9%) would like to receive preventive information
regarding MI.

Predictive factors for MI

A multivariable regression model was developed to predict fac-
tors associated with endoscopy-related MI (Supplementary
Table2). Female gender (odds ratio [OR] 2.443, 95% confi-
dence interval [CI] 1.166–5.121; P=0.018),≥15 years in prac-
tice (OR 3.514; 95% CI 1.490–8.284; P=0.004) and the pro-
portion of time performing EGD (OR 0.974, 95% CI 0.951–
0.997; P=0.026) were independently associated with MI.

Predictive factors of severe pain

Sub-analysis of respondents with MI was performed to identify
predictive factors of severe pain, independently of lesion loca-
tion (Supplementary Table3). Female gender (OR 3.598, 95%

CI 1.162–11.137; P=0.026), moderate/vigorous PA level (OR
3.318, 95% CI 1.056–10.424; P=0.040) and ≥15 years in prac-
tice (OR 4.284, 95% CI 1.440–12.745; P=0.009) were inde-
pendently associated with severe pain.

Predictive factors of the number of MI

Simple and multiple linear regression was performed to identify
the variables associated with the number of MI (Supplemen-
tary Table 4).

Backward linear regression was performed, with the age,
gender, endoscopist’s experience, years in practice, weekly-
time performing endoscopy and practice settings forced in the
model. A significant regression equation was found (F(3,111) =
7.221, P <0.001), with an R2 of 0.163. Respondent’s predicted
number of MI was equal to 0.195+0.522 (gender) + 0.042
(years in practice) +0.041 (weekly-time performing endos-
copy), where gender was coded as 1=Male, 2 = Female, years
in practice was measured in years and weekly-time performing
endoscopy was measured in hours. The number of MI increased
0.042 for each year of practice, 0.041 for each weekly-hour per-
forming endoscopy and females had 0.522 more MI than males.
Years in practice (P<0.001), weekly-time performing endos-
copy (p=0.005) and gender (P=0.049) were significant predic-
tors of the number of MI.

▶ Table 4 Prevalence, characteristics, and types of endoscopy-related MI.

Total [n (%)]

n=171

Consultants

n (%)] n=133

Fellows [n (%)]

n=38

P value

Endoscopy-associated MI 119 (69.6%) 94 (70.7%) 25 (65.8%) 0.555

Number of MI, median (range) 2 (1–8) 3 (1–8) 2 (1–4) 0.007

Time to MI after starting endoscopy
practice,median (range), years

6 [0 (2 months)-30] 9 [0 (2 months)-30] 1 [0 (4 months)-3] <0.001

Maximum pain severity, median (range),
NRS

5 (1–10) 5 (1–10) 5 (2–9) 0.120

Types of endoscopy-associated MI1

Thumb pain 50 (29.2%) 41 (30.8%) 9 (23.7%) 0.427

Wrist pain 46 (26.9%) 41 (30.8%) 5 (13.2%) 0.037

Hand pain 25 (14.6%) 18 (13.5%) 7 (18.4%) 0.443

Shoulder pain 47 (27.5%) 41 (30.8%) 6 (15.8%) 0.098

Elbow pain 16 (9.4%) 15 (11.3%) 1 (2.6%) 0.107

Neck pain 52 (30.4%) 39 (29.3%) 13 (34.2%) 0.555

Thoracic back pain 26 (15.2%) 23 (17.3%) 3 (7.9%) 0.204

Lower back pain 30 (17.5%) 27 (20.3%) 3 (7.9%) 0.092

Hand numbness 21 (12.3%) 20 (15.0%) 1 (2.6%) 0.048

MI, musculoskeletal injuries; NRS, Numerical Rating Scale
1 More than one lesion may be present per endoscopist
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▶ Table 5 MI characterization, impact, and treatment.

Total [n (%)]

n=119

Consultants [n (%)]

n=94

Fellows [n (%)]

n=25

P value

MI associated-pain timing 0.286

▪ Work, during endoscopy 24 (20.2%) 16 (17.0%) 8 (32.0%)

▪ Work, all the time 8 (6.7%) 5 (5.3%) 3 (12.0%)

▪ Work +daily activities 54 (45.4%) 46 (49.0%) 8 (32.0%)

▪ Daily activities only 3 (2.5%) 2 (2.1%) 1 (4.0%)

▪ All the time, including at rest 27 (22.7%) 22 (23.4%) 5 (20.0%)

▪ No data 3 (2.5%) 3 (3.2%) –

Changes in endoscopic technique 0.646

▪ Yes 73 (61.3%) 59 (62.8%) 14 (56.0%)

▪ Not possible to change technique 17 (14.3%) 12 (12.8%) 5 (20.0%)

▪ Change of technique not tried 27 (22.7%) 21 (22.3%) 6 (24.0%)

▪ No data 2 (1.7%) 2 (2.1%) –

Practice modification1

▪ Less endoscopy 27 (22.7%) 26 (27.7%) 1 (4.0%) 0.014

▪ Stretching exercises before endoscopy 20 (16.8%) 16 (17.0%) 4 (16.0%) 0.903

▪ More breaks between procedures 26 (21.8%) 23 (24.5%) 3 (12.0%) 0.276

▪ Adjustable bed 59 (49.6%) 45 (47.9%) 14 (56.0%) 0.470

▪ Orthopedic shoes 18 (15.1%) 15 (16.0%) 3 (12.0%) 0.624

▪ No modification 32 (26.9%) 25 (26.6%) 7 (28.0%) 0.888

Treatment1

▪ NSAIDs 68 (57.1%) 61 (64.9%) 7 (28.0%) 0.001

▪ Paracetamol 21 (17.6%) 17 (18.1%) 4 (16.0%) 0.808

▪ Corticosteroid injection 15 (12.6%) 14 (14.9%) 1 (4.0%) 0.145

▪ Parenteral corticosteroid 2 (1.7%) 2 (2.1%) 0 (0.0%) 0.462

▪ Other medications2 12 (10.1%) 10 (10.6%) 2 (8.0%) 0.697

▪ Physiotherapy 36 (30.3%) 33 (35.1%) 3 (12.0%) 0.028

▪ Splinting 12 (10.1%) 12 (12.8%) 0 (0.0%) 0.060

▪ Surgery 2 (1.7%) 2 (2.1%) 0 (0.0%) 0.462

▪ Rest 35 (29.4%) 30 (31.9%) 5 (20.0%) 0.326

▪ No treatment 30 (25.2%) 16 (17.0%) 14 (56.0%) <0.001

Missing work 12 (10.1%) 11 (11.7%) 1 (4.0%) 0.234

Missing work (maximum consecutive days), median
(range)

30 (1–90) 30 (1–90) – –

Missing work (total number of days), median (range) 30 (1–90) 35 (1–90) – –

Reduction in physical activity outside of work3 40 (33.6%) 35 (37.2%) 5 (20.0% 0.152

MI, musculoskeletal injuries; NRS, Numerical Rating Scale; NSAIDs, Nonsteroidal anti-inflammatory drugs
1 More than one may be present per endoscopist
2 Tramadol n =2; tramadol + paracetamol n =1; paracetamol + thiocolchicoside n=1; paracetamol + codeine n=1; diazepam n=3; topical NSAIDs n=2; cyclobenzapr-
ine chloridrate n=1; oral corticosteroids n=1

3 Work at home, hobbies
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Discussion
Endoscopists are at risk for MI, which can lead to loss of produc-
tivity and possibly career shortening [15]. Surprisingly, consid-
ering the negative impact of its occurrence, there is practically
no data from European centers, with only one previous letter to
the editor published by Geraghty et al reporting pain more than
once a week during endoscopy in 57% of a group of 58 gastro-
enterologists surveyed in the northwest of England [26].

Cultural differences in the way work-related pain and injury
are perceived were previously described, even within the same
occupation [27]. On the other hand, differences in endoscopy
practice are known, even among different European countries
[7]. Except for the study by Ridtitid et al [10] that evaluated all
active members of ASGE, quality issues in previous studies ar-
ose mainly from the fact that the survey responders were self-
selected, being unclear if that led to response modulation [24].
Taking these into account, we performed a nationwide study on
this topic. Prevalence of endoscopy-related MI was 69.6%, sig-
nificantly higher compared to most of the previous studies,
including the survey among all ASGE members (prevalence of
53%) [10] and the study among Japanese endoscopists (preval-
ence of 43%) [20], but inferior to the study in Korean endos-
copists (89.1%) [18]. It is important to note that the workload
among respondents in our study was significant, with a median
of 25 hours per week spent performing endoscopy. More than
half had more than one work-setting, often reconciling the
work in an AC or CC with PP. Although no direct comparison
can be made, this may be one of the possible explanations for
the high prevalence of MI in our survey.

Despite the fact that most of the published data focused on
longtime endoscopy practitioners, recent studies analyzed risk
of MI among fellows. Prevalence of MI varied between 20% [23]
to 47% [22]. In our study, the prevalence of MI among fellows
was 65.8% with 77.3% of the cases occurring during the first
two years of fellowship.One could argue that the endoscopic

workload in Portuguese fellows is higher than in these studies,
however considering the low number of procedures performed
until MI development, specific unique factors unrelated to
endoscopy workload and time in practice are likely associated
with MI [23]. Ende et al analyzed force application during colo-
noscopy using a novel device and concluded that experts used
higher average forward forces during insertion compared to all
trainees and significantly less clockwise torque maneuver com-
pared to novice trainees [28]. Differences in endoscopic tech-
nique can lead to development of specific MI. Some studies pre-
viously reported differences in location of MI between begin-
ners and experienced endoscopists [18]. In our study, preval-
ence of hand numbness and wrist pain were significantly higher
in consultants, while neck and hand pain were more frequent in
fellows (although not reaching statistical significance). Inter-
estingly, in response to MI, reduction in endoscopic caseload
and treatment were rarely undertaken by fellows compared to
consultants. To some extent, this may reflect reluctance to ac-
knowledge the occurrence of the lesion or seek help, with asso-
ciated fear of seeing evolution as an endoscopist hindered or
delayed.

Nevertheless, the repetitive and cumulative nature of the
physical maneuvers involved in endoscopy can have long-term
consequences, suggesting the importance of proper training in
endoscopic technique as well as in ergonomics since fellowship
[15]. In Portugal, there is no specific training in ergonomics. In
the study by Villa E et al, prevalence of MI was significantly low-
er among fellows who received ergonomics training [22] sug-
gesting that lack of integration of ergonomics in training can
be one of the possible contributors to a higher prevalence of
MI among fellows in our study.

In previous studies, the most consistent risk factors associat-
ed with MI were endoscopic workload (measured by procedure
volume or proportion of time spent performing endoscopy)
and cumulative time spent performing endoscopy [24]. In our

▶ Fig. 1 A female endoscopist with 20 years in practice reported progressive limitation of left hand metacarpophalangeal joint motion asso-
ciated with pain, especially during colonoscopy performance. X-ray revealed subluxation of the metacarpophalangeal joint, with associated
arthrosis. Multiple treatments were tried, including corticosteroid injections, topical and oral NSAIDs and use of splinting during procedures,
without symptomatic improvement. The endoscopist underwent metacarpophalangeal joint arthrodesis, with excellent clinical and functional
outcome.
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study, although we did not evaluate the total number of endo-
scopic procedures performed, we used the total weekly time
performing endoscopy and the percentage of time performing
endoscopy and specific endoscopic procedures as surrogate
markers for the endoscopy workload. We identified female
gender and≥15 years in practice as independent risk factors
for MI, severe pain and a higher number of MI. Even though a
recent study performed among ASGE fellows reported female
gender as the only significant risk factor for MI [23], most of
the prior studies have shown no gender differences in MI risk,
which could be limited by the low number of women included.
In our study, more than half of the respondents were women, a
number far higher than, for example, in the study by Ridtitid et
al, which had 11.9% women respondents [10]. Higher risk of MI
in women may be related to differences in hand size and grip
strength. In a study performed among 227 fellows, 41.0% con-
sidered their hand too small for a standard endoscope, 78.2%
considered that hand size affected endoscopy learning, and
34.2% would use smaller endoscopes if possible. Ninety-seven
percent of the respondents with smaller hands were women
[29]. A previous study reported women’s grip strength to be
59% of men’s and fingertip-pinch strength to be 71% to 73%
of men’s [30]. In our study, we identified female gender as a
significant predictor not only for prevalence but also for sever-
ity and number of MI. In Portugal the female:male ratio in gas-
troenterologists increased from 0.5 among doctors aged 51 to
65 to 1.6 among those with aged 31 to 50 [31]. It is crucial to
identify potentially modifiable factors (such as the ergonomics
of the endoscopy suites or even the design of the endoscope)
[15] that would allow for risk reduction of MI in female endos-
copists.

Regarding the remaining predictors of MI, a higher propor-
tion of time performing EGD was identified as a protective fac-
tor. One can assume that endoscopists performing more EGD
performed significantly fewer more technically demanding
procedures, including colonoscopy, that have previously been
associated with an increased risk of MI [32]. Moderate/vigorous
PA was also a risk factor for severe pain. Nevertheless, a re-
sponse bias cannot be excluded because respondents may
have increased PA in response to MI development or, on the
other hand, a higher level of PA could have led to exacerbation
of MI symptoms.

Although most studies focused on prevalence of endo-
scopic-related MI, few have evaluated its impact not only in
work but also on regular activities. In our study, missing work
was reported by 10.1% of respondents, with a median of 30
days off work. These results contrast with previous studies, in
which few endoscopists reported missing work and when nec-
essary, it usually lasted a few days [17, 19, 26]. On the other
hand, 33.6% of respondents had to reduce PA outside work.
These data highlight the possible negative impact of MI on reg-
ular daily-life activities. Additionally, MI can have a “domino ef-
fect” [19] and may affect not only the individual but also collea-
gues or even family relationships. Further studies are necessary
to evaluate psychological morbidity and real impact on the QoL
of these injuries.

In our study, 84.8% of respondents would have liked to have
their work setting assessed ergonomically and 74.9% would
have liked to receive preventive information regarding MI. The
term “ergonomics” originally comes from the Greek words er-
gon (work) and nomos (natural laws) and relates to the study
and optimization of the interactions between the worker, the
equipment and the work environment. The importance of the
design of the endoscopy suite for MI has previously been em-
phasized, with the ASGE guidelines on ergonomics recom-
mending that the workplace should accommodate the fifth
percentile female to the 95th percentile male [33]. On the
other hand, some authors argue that endoscopists should be
trained like athletes concerning ergonomics (the “endo-ath-
lete”) to further prevent endoscopy-related MI [34, 35]. Our re-
sults highlight the fact that despite lack of a formal training
program in ergonomics, it is a matter of interest for endos-
copists in our country. In a survey of 826 American Gastroente-
rology Association endoscopists, only 4.5% received ergo-
nomics training during the fellowship [36]. ASGE guidelines
may have been the starting point for a paradigm shift [32],
with apparent beneficial effect already evident in the survey by
Villa et al [22].

In our study, the number of participants was significant.
Limitations of our study included a survey response rate of
24.3% which may subject the study to bias, making interpreta-
tion of results more challenging. Nevertheless, despite being
modest, the response rate was superior compared to the other
nationwide studies previously performed [10, 23]. Other limita-
tions need to be addressed, namely response and recall bias in-
herent in this type of study. Endoscopists with MI may have
been more prone to participate in the study and overestimate
the role of endoscopy in MI development. On the other hand,
endoscopists working at an AC may have had a different atti-
tude toward research, and may have been less likely than those
in community settings or private practice to be non-respon-
dents (whether having experienced MI or not). Regarding pre-
dictive factors for severe pain, the specific type of lesion asso-
ciated with symptoms was not evaluated, thus limiting our con-
clusions. Finally, it was not possible to evaluate the role of more
complex procedures such as ERCP, EUS or ESD in MI develop-
ment due to the low number of endoscopists performing them
procedures. One area of interest would be to study develop-
ment of specific lesions after the beginning of the practice of
particular techniques, as well as the timing of their occurrence.

Conclusion
In conclusion, this is the first nationwide European study that
evaluated endoscopy-related MI. Prevalence of MI was signifi-
cant among Portuguese endoscopists and had a relevant im-
pact on regular and professional activities. An urgent effort by
National and European societies is critical for development of a
training program and implementation of guidelines in ergo-
nomics that can contribute to reducing the burden of these in-
juries.
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