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ARTICLE                                                                                                                    

Worker and work-related factors influence on musculoskeletal symptoms 
among veterinary surgeons

Ryan Thomas Villarreala , Sun Young Kimb and Denny Yua 

aSchool of Industrial Engineering, Purdue University, West Lafayette, IN, USA; bDepartment of Veterinary Clinical Sciences, College of 
Veterinary Medicine, Purdue University, West Lafayette, IN, USA 

ABSTRACT 
Worker and work-related musculoskeletal symptoms are prevalent among surgeons operating 
on human patients. Despite incidence rates for accidents among veterinarians and their staff 
being 2.9 times higher than that of general practitioners of human medicine, little is known 
about musculoskeletal symptoms among veterinary surgeons. In this study, 212 board-certified 
members of the American College of Veterinary Surgeons responded to a survey regarding vari
ous work-related activities and their experience with musculoskeletal symptoms in 10 different 
body regions. Across all body regions, reported pain increased from before to after a typical day 
of surgery (p <.01). Gender, weight, age, and years performing surgery were worker factors that 
were related to pain (p <.05), while number of procedures, practice focus, and proportion of 
minimally invasive surgery were work factors related to pain (p <.05). Our findings suggest that 
musculoskeletal symptoms are prevalent among veterinary surgeons and may help provide evi
dence for guidelines for minimising musculoskeletal injuries in veterinary surgery.

Practitioner summary: Little is known about the risk factors for musculoskeletal symptoms 
(MSS) among veterinary surgeons. This cross-sectional survey of veterinary surgeons investigates 
worker and work factors related to MSS. We show that MSS are prevalent and identify key fac
tors providing evidence that MSS are a concern in veterinary surgery.
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1. Introduction

Veterinary workers care for the health and well-being 
of animal patients. Often, workers in animal medicine 
must practice in a broad range of work environments 
with various species of different sizes ranging from a 
few hundred grams to thousands of kilograms, which 
are factors that can influence their risk and the assess
ment of their risk factors for musculoskeletal symp
toms. Incidence rates for accidents among 
veterinarians and their staff have been shown to be 
2.9-times higher than for general practitioners of 
human medicine, who focus on only one species 
(Nienhaus, Skudlik, and Seidler 2005). Musculoskeletal 
disorders (MSD) have been investigated in general vet
erinarians, veterinary sonographers, and veterinary 
echocardiographers (Gilkey et al. 2011; MacDonald 
and King 2014; Scuffham et al. 2010; Seagren et al. 
2022). These have shown similar results to studies on 
practitioners working with human patients, with 62% 
of veterinary sonographers reporting musculoskeletal 

symptoms (Gilkey et al. 2011). Among veterinary echo
cardiographers, gender and weeks per year perform
ing echocardiograms predicted musculoskeletal pain 
(MacDonald and King 2014). The prevalence of muscu
loskeletal symptoms was reported to be as high as 
96% in general veterinarians (Scuffham et al. 2010). 
However, little is known about veterinary surgeons.

Although there are significant differences between 
surgeons for animal and human patients, studies on 
human surgeons have shown that surgical work is 
physically demanding, often requiring non-neutral 
postures held for long durations (Berguer et al. 1997; 
Dalager et al. 2019; Nimbarte et al. 2012; Szeto et al. 
2009; Zhu et al. 2014). Previous studies on MSD preva
lence in surgeons for human patients have shown that 
musculoskeletal symptoms (MSS) including pain were 
reported by up to 93% of surgeons (Dalager et al. 
2019; Soueid et al. 2010; Stucky et al. 2018). Key risk 
factors in human surgery include posture, workstyle, 
procedure length, number of procedures, and years 
performing surgery (Athanasiadis et al. 2021; Cass, 
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Vyas, and Akande 2014; Harvin 2014; Schlussel and 
Maykel 2019; Szeto et al. 2009; Yang et al. 2021). This 
previous literature on surgeons who operate on 
human patients suggests significant physical ergo
nomic risk factors associated with the surgical work 
demands; risk factors that are likely also present in 
surgical work on animal patients. Figure 1 illustrates 
how non-neutral positions must be held by veterinary 
surgeons in the work environment. These risk factors 
have been looked at previously (Kim et al. 2023); how
ever, how the unique veterinary worker and work risk 
factors influence MSDs remains unknown.

Worker factors among veterinary surgeons differ 
from human medicine. Females represent only 26% of 
general surgeons, while female veterinary surgeons 
make up 58% of the workforce (RCVS 2021; US Bureau 
of Labour Statistics 2022). The veterinary field also 
struggles from a workforce shortage and higher 
annual turnover than human physicians (Lloyd 2022; 
Salois 2021).

Work factors in veterinary medicine also vary 
greatly from human medicine. Veterinary surgeons 
work with species that have a wider range of sizes 
and shapes when compared to their human patient 
counterparts (Kim et al. 2023). Veterinary surgeons 
often perform a broad spectrum of surgical proce
dures, often utilising the same instrumentation as 
human surgeons. Large animals such as horses and 

cattle may have surgery provided by a practitioner 
that also operates on small animals such as cats. In 
contrast to subspecialties in human medicine, there 
are less specific work environments, such as proced
ure-specific operating room settings. This is due to the 
wide range of animal sizes, which may include 
patients that are many times larger than the surgeon 
performing the procedure. Due to the size of large 
animals, the veterinary surgeon may need to bend at 
the waist and hold non-neutral positions to perform a 
procedure. This unique dynamic has been shown to 
lead to higher rates of occupational hazards such as 
bites, scratches, kicks, and trampling that human 
patient counterparts are less likely to encounter (Epp 
and Waldner 2012). This dynamic further suggests the 
potential for veterinary surgeons to exhibit different 
work-related factors for musculoskeletal symptoms 
when compared to general veterinarians. 
Understanding the various worker and work factors 
affecting MSS in veterinary surgeons may aid in the 
creation of organisational guidelines to help reduce 
the prevalence and impact of musculoskeletal injuries 
in the profession. Therefore, this study aims to under
stand the relationship between worker and work fac
tors with veterinary surgeons’ risk for MSS.

2. Methods

2.1. Study population

The study population were diplomates of the 
American College of Veterinary Surgeons (ACVS) who 
were practicing with at least one year of post-resi
dency experience as well as retired veterinary sur
geons in February 2021 based on the ACVS webpage 
(www.ACVS.org). All ACVS members within the target 
population were surveyed. No exclusion criteria were 
used, and only board-certified surgeons were 
included.

2.2. Study design and data collection

This study was reviewed and approved by the Purdue 
University institutional review board (IRB-2020-1092). 
E-mail contacts for boarded veterinary surgeons were 
identified in the ACVS webpage in February 2021, and 
individualised links to an online survey were e-mailed. 
A reminder was sent to all surgeons listed one week 
after the initial e-mails. Responses were collected 
between April 8th, 2021 and April 24th, 2021. No par
ticipants were financially compensated.

Figure 1. A veterinary student is seen with their head forward 
and bending at the neck to perform an ovariohysterectomy 
(spay) on a cat.
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2.3. Questionnaire design

The survey was developed using REDCap (Harris et al. 
2019), which allowed for data collection with no iden
tifiable link to respondents (Appendix B). A multidis
ciplinary team of certified professional ergonomists 
and veterinary surgeons modified existing surveys for 
assessing ergonomics and musculoskeletal symptoms 
for veterinary surgeons (A. E. Park et al. 2017; 
Plerhoples, Hernandez-Boussard, and Wren 2012). The 
survey was estimated to take 5–10 minutes to com
plete. A brief communication with no statistical analy
ses has been previously reported with a subset of the 
data (Kim et al. 2023).

2.3.1. Worker factors
The survey asked participants questions about their 
demographics including age, gender, height, weight, 
dominant hand, hand size, and training level.

2.3.2. Work factors
Work factors in the survey questions included years 
performing surgery, practice emphasis in animals 
and surgery, employment setting, time performing 
surgery and number of procedures per week, and 
body position during surgery. Additionally, the sur
vey questioned about efforts to minimise musculo
skeletal symptoms if participants had experienced 
symptoms.

2.3.3. Outcome measurements
The survey included questions regarding musculoskel
etal symptoms in 10 body regions experienced within 
the past year. For each body region, participants were 
asked if they had experienced any stiffness, pain, 
fatigue, numbness, or limited function within the past 
year. Additionally, participants were asked to rate their 
pain/discomfort prior to a typical surgery day and 
after a typical surgery day on a scale from 0 to 10 
(0¼No Pain, 10¼Worst Possible) for each body 
region. From this, a difference was calculated by tak
ing the post-surgery day rating less the prior to a sur
gery day rating.

2.4. Data analysis

Statistical software R (v. 4.2.1) was used for statistical 
analysis; the ggplot2 library was used for visualisation. 
The Shapiro-Wilk normality test was used to determine 
normality for all variables individually. Due to non- 
normality, non-parametric pairwise statistical analysis 
was performed using the Kruskal-Wallis and Wilcoxon 
signed rank test.

Ratings for all body regions for both before and after 
a typical surgery day were determined to be non-normal 
(n¼ 145, p< .001) through the Shapiro-Wilk test. The 
resulting difference between before and after for each 
body region was also found to be non-normal.

Due to the non-normality, a paired Wilcoxon signed 
rank test was performed on all before and after surgery 
ratings for each body region. The effect size r was calcu
lated for each body region (Tomczak and Tomczak 2014).

The Kruskal-Wallis rank sum test was used for com
paring after surgery pain/discomfort ratings with cat
egorical factors (e.g., number of years performing 
surgery) for all body parts. For these comparisons, a 
Dwass-Steel-Crichtlow-Fligner post-hoc test was per
formed to determine differences between levels within 
each significant factor.

3. Results

The survey was disseminated to 1,031 ACVS diplo
mates with 219 responses. Of these, seven were fully 
incomplete and not considered. A total of 212 
respondents were analysed for this study, correspond
ing to a 20.5% response rate.

The respondents were 44% female and 56% male 
with the majority (61%) performing minimally invasive 
surgery 1–25% of the time (Table 1). Participants had 
varying years of experience performing surgery, with 
33.5% having between 11 and 20 years of experience 
and 27.8% having more than 30 years of experience. 
Participant age showed a similar distribution with 
32.1% of participants between the ages of 41 and 50, 
with 23.6% of participants older than 60. Most partici
pants (94%) reported MSS in at least one body region, 
with a majority (>50%) of participants reporting at 
least one MSS in the neck, upper back, lower back, 
and/or right wrist and hand (Table 2).

3.1. Reported change in pain and discomfort 
before and after surgery

Approximately 68% (n¼ 145) of respondents gave com
plete responses for reporting their levels of pain before 
and after a typical day of surgery for all body regions. 
Analysis showed that for all body areas, there was sig
nificantly increased reported pain/discomfort (p< .01) 
from before to after surgery (Table 3). Based on effect 
size, the increase in reported neck and lower back pain 
was the largest after a surgical day. The shoulders, hips, 
and left wrist and hand had the lowest effect size but 
still showed statistically significant increases in reported 
pain from prior to after a typical day of surgery.
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3.2. Worker factors and post-surgery reported 
pain

Among worker factors, gender, years performing surgery, 
age, and weight affected reported pain (Figure 2). For 
the upper back, women reported 1.19 points higher 
pain (p< .001) than men after surgery. The number of 
years performing surgery (v2 ¼ 8.998, p< .05), the 
respondents’ age (v2 ¼ 8.310, p< .05), and the respond
ents’ weight (v2 ¼ 11.463, p< .05) affected reported 
pain and discomfort in the feet and ankles (see 
Appendix C for regression plots of continuous factors). 
Respondents who have been performing surgery 
between 1 and 10 years reported 1.01 and 1.04 points 
more pain than those performing surgery for 21–30 years 
(p< .05) and those who have been performing surgery 
for more than 30 years (p< .05), respectively. Height did 
not influence pain and discomfort for any body regions 
(Appendix A).

3.3. Work factors and post-surgery reported pain

Performing minimally invasive surgery affected post- 
surgery pain in the upper back (v2 ¼ 7.819, p< .05), 
right shoulder (v2 ¼ 9.182, p< .05), and left shoulder 
(v2 ¼ 16.848, p< .001). MIS had an impact on pain 
reported after surgery where the upper back of people 
performing MIS for 26–50% of surgeries was 2.11 
points higher (p< .05) than people performing MIS 
>50% of the time. For the left shoulder, veterinary 
surgeons performing MIS for 26–50% of their surgeries 
reported 0.68 points higher pain than those who per
form MIS 0% of the time (p< .05) and 0.68 points 
higher than those who perform MIS 1–25% of the 
time (p< .001).

The pain reported in the left wrist and hand for 
those performing more than 12 procedures a week 
was 0.67 points more pain than those performing 5–8 
procedures a week (p< .05) and 0.80 points more 
than those performing 9–12 procedures a week 
(p< .01). Differences were also noted in the neck for 
the area of focus (v2 ¼ 9.320, p< .01) as shown in 
Figure 3(a).

Surgeons whose practice focus was solely orthopae
dics reported 0.52 points lower pain compared to 
those whose practice focus was soft tissue (p< .05) 
and 3.5 points lower than those who reported focus
ing on both soft tissue and orthopaedics (p< .05). No 
statistically significant differences between large and 
small animal specialties were found for any body 
region. Similarly, the number of hours performing sur
gery a week did not affect pain or discomfort 
(Appendix A).

Table 3. Change in reported pain/discomfort from before to 
after a typical day of surgery.
Body area Mean before Mean after Mean increase r p

Neck 1.04 2.31 1.27 .67 <.001
Upper back 0.77 1.77 0.99 .58 <.001
Lower back 1.39 2.73 1.34 .71 <.001
Rt. shoulder 0.54 0.86 0.32 .38 <.001
Lt. shoulder 0.37 0.61 0.24 .25 .003
Rt. wrist/hand 0.75 1.29 0.54 .46 <.001
Lt. wrist/hand 0.41 0.72 0.30 .34 <.001
Hips 0.35 0.58 0.23 .30 <.001
Knees 0.72 1.30 0.58 .50 <.001
Feet/ankles 0.66 1.54 0.88 .57 <.001

Table 2. Number of participants reporting MSS present by 
body region.
Body region Num. reporting MSS %

Neck 148 74.4
Upper back 106 53.3
Lower back 150 75.4
Right shoulder 57 28.6
Left shoulder 40 20.1
Right wrist/hand 103 51.8
Left wrist/hand 74 37.2
Hips 33 16.6
Knees 74 37.2
Feet/ankles 81 37.2

Table 1. Participant demographics.
Variable N %

Sex
Male 119 56.1
Female 93 43.9

Age
30–40 31 14.6
41–50 68 32.1
51–60 59 27.8
>60 50 23.6
No response 4 1.9

Weight (lbs.)
110–130 28 13.2
131–150 38 17.9
151–170 54 25.4
171–190 41 19.3
>190 48 22.6
No response 3 1.4

Height (in.)
59–62 10 4.7
63–66 59 27.8
67–70 74 34.9
71–74 46 21.7
>74 17 8.0
No response 6 2.8

Years Performing Surgery
1–10 26 12.3
11–20 71 33.5
21–30 55 25.9
>30 59 27.8
No response 1 0.5

Percent MIS
0% 53 25.0
1–25% 130 61.3
26–50% 21 9.9
>50% 7 3.3
No response 1 0.5
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4. Discussion

Findings in this study confirm that musculoskeletal 
symptoms are a common problem among veterinary 
surgeons. The majority of respondents reported at 
least one musculoskeletal symptom in the neck (74%), 
upper back (53%), lower back (75%), and the right 
wrist and hand (52%). This is consistent with previous 
literature on surgeons operating on human patients 
(Adams et al. 2013; Dalager et al. 2019; Knudsen, 
Ludewig, and Braman 2014) as well as previous litera
ture on veterinary surgeons (Jones 2020; Smith, 
Leggat, and Speare 2009). Since the surgical site is 
lower than the head in veterinary surgery, surgeons 
commonly have to bend at the neck and maintain this 
bent position throughout the procedure. Although we 
did not measure their positions in this study, it is com
mon for veterinary surgeons to move their neck for
ward to help visualise deeper structures especially in 
open abdominal and thoracic procedures such as the 
ovariohysterectomy shown in Figure 1. Coupled with 

the wide range of patient sizes, this suggests a need 
for further investigation into the unique challenges 
presented by veterinary surgeons’ workstations. In 
ergonomic design, the principal focus is ensuring the 
operator’s workstation is built to fit the individual’s 
needs, instead of forcing the individual to adapt to an 
inadequate workstation. Investigating workstation 
design in veterinary surgery through an ergonomics 
lens may be critical in addressing the pervasiveness 
and severity of MSS in the profession.

In addition to the high relevance of pain, our sur
vey also discovered that the reported pain significantly 
increased after a surgical day, suggesting that the 
demands of the surgical workday were perceived as 
contributing to the reported pain and discomfort 
across all body regions. It is well-understood that the 
physical demands of work influence user fatigue and 
discomfort (Aryal, Ghahramani, and Becerik-Gerber 
2017; Darragh et al. 2015; Sluiter et al. 2003), but work 
demands that require awkward postures, excessive 

Figure 2. (a) Reported pain/discomfort after surgery for the upper back by gender, (b) reported pain/discomfort post-surgery in 
the feet/ankles by years performing surgery, (c) reported pain/discomfort post-surgery in the feet/ankles by age group, and (d) 
reported pain/discomfort post-surgery in the feet/ankles by weight group.
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force and repetitions, and tasks with long durations 
are especially associated with musculoskeletal symp
toms (da Costa and Vieira 2010; Gallagher and 
Heberger 2013; Jensen et al. 2002; Josephson et al. 
1997; Latko et al. 1999; Nordander et al. 2009). 
Although statistically significant, our self-reported pain 
intensity was at the lower end of the pain scale. These 
prevalent but lower pain intensity results are similar to 

previous pain survey studies for surgeons (Asadi et al. 
2022; Hallbeck et al. 2017; Yu et al. 2017). The low 
self-reported pain may be partially attributed to work
place culture in both human and veterinary medicine 
where surgeons have a tendency to prioritise patient 
care over their own pain and symptoms (Jones 2020; 
A. Park et al. 2010). Despite these lower reported pain 
intensities, previous studies reported that many 

Figure 3. (a) Reported pain/discomfort post-surgery in the neck by practice focus, (b) reported pain/discomfort post-surgery in 
the left wrist/hand by number of procedures performed per week, (c) reported pain/discomfort post-surgery in the left shoulder 
by percent of surgery minimally invasive, (d) reported pain/discomfort post-surgery in the right shoulder by percent of surgery 
minimally invasive, and (e) reported pain/discomfort post-surgery in the upper back by percent of surgery minimally invasive.
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surgeons still resorted to using medication (Bolduc- 
B�egin et al. 2018; Dalager et al. 2019; Janki et al. 2017; 
Kim-Fine et al. 2013), seeking treatment such as phys
ical therapy, and taking time away from surgery (Kim 
et al. 2023; A. E. Park et al. 2017). Therefore, despite 
reporting low pain intensity, the high prevalence and 
impact of the pain are strong indicators for a need to 
control the physical work demands of veterinary sur
geon, especially for the neck, back, and hands.

A worker factor that influenced reported pain 
scores was gender. Previous studies on the relation
ship between gender and musculoskeletal symptoms 
in human surgery suggested that women were at 
higher risks of developing work related musculoskel
etal disorders than their male counterparts (Adams 
et al. 2013; Dalager et al. 2019; Gilkey et al. 2011; 
Rollman and Lautenbacher 2001; Sutton et al. 2014; 
Wijnhoven, de Vet, and Picavet 2006). Our survey on 
veterinary surgeons similarly suggests higher preva
lence of reported pain among female surgeons. Unlike 
general human surgery, the impact of gender may be 
even greater in the veterinary surgery field. First, 
female surgeons make up almost half of the survey 
respondents and professional society member statis
tics show that females make up 58% of the veterinary 
surgeon workforce (RCVS 2021). In general surgery, 
the worker population has been predominantly male 
with women making up only 26% of the workforce in 
the United States (US Bureau of Labour Statistics 
2022). Second, women may perform more soft-tissue 
procedures than males (the soft tissue work factor will 
be further discussed below). However, larger sample 
sizes may be needed to develop more detailed statis
tical models to explore these interactions between 
gender and other work factors.

Another worker factor that influenced musculo
skeletal pain was work experience, where surgeons 
who have been performing surgery for 1–10 years 
may experience more pain and discomfort in the feet 
and ankles than those who have been performing 
surgery for more than 10 years. Similar results were 
found based on age group, where younger surgeons 
reported more pain than those who are older. One 
potential reason for these differences may be due to 
younger surgeons potentially taking on more cases 
per week while simultaneously working longer shifts. 
Another potential explanation for the differences may 
be due to experience and conditioning. For example, 
the ‘healthy worker’ effect (Fox and Collier 1976; Li 
and Sung 1999; McMichael 1976) describes the phe
nomenon where healthy workers tend to stay in the 
workforce, while those who are unhealthy leave 

(Chowdhury, Shah, and Payal 2017). With this cross- 
sectional survey being administered only to current 
members of the ACVS, it is possible that the surgeons 
who have been performing surgery for many years 
are the ones who have best figured out how to man
age their musculoskeletal pain, while those who were 
unable to may no longer perform surgery or stay 
active in professional societies around the topic. Our 
results also showed that the relationship between 
experience and symptoms is stronger than the rela
tionship between age and symptoms. This may fur
ther point to experience being a more important 
factor in predicting pain than age itself.

For work factors, one observation is that surgeons 
whose practice focuses on soft tissue surgery had sig
nificantly more reported pain than those focusing on 
orthopaedic surgery. Soft tissue surgeries often focus 
on structures in body cavities that constrains the sur
geon’s body positioning to non-neutral postures for 
prolonged periods of time (Asadi et al. 2022). 
Although intraoperative studies observed that high 
muscle activations were more common in orthopaedic 
than soft tissue surgery, motion capture data showed 
that soft tissue procedures required more static posi
tioning (Asadi et al. 2022). These survey results may 
add evidence to support that static positioning is a 
key risk factor for worker pain and discomfort during 
veterinary surgery.

Previous survey studies observed differences in the 
prevalence of musculoskeletal disorders between vet
erinarians who focus on large animals and those who 
focus on small animals (Scuffham et al. 2010). 
However, the specialty work factor (large vs. small) did 
not affect self-reported pain in our study. A subtle dif
ference in the studies populations may explain these 
disparities. Specifically, our study focused on veterin
ary surgeons while the previous studies focused on 
general veterinarians. A key difference is that veterin
ary surgeons typically operate on patients that are 
under anaesthesia and on an operating room table, 
while general veterinarians do not. With patients 
sedated, veterinary surgeons are typically not in situa
tions that expose them to occupational hazards such 
as bites, scratches, kicks, and trampling that veterinar
ians are potentially exposed to (Epp and Waldner 
2012). Another consideration for this finding is the 
sample characteristics. Large animal surgeons only 
represented 18% of survey respondents, while small 
animal surgeons made up 81% of respondents, and 
only one respondent selected both. With this imbal
ance in responses, it is possible we did not capture 
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enough responses to show statistically significant dif
ferences in reported pain before and after surgery.

For the work factor minimally invasive surgery, the 
reported pain in the left shoulder increased as the 
percent of minimally invasive surgery increased, 
except in the >50% MIS group. Previous findings 
have shown that MIS is a risk factor for MSS (Kilkenny 
et al. 2017; Stucky et al. 2018). The tools and posi
tioning used by surgeons performing minimally inva
sive surgery put them at a higher risk of MSS than 
those not performing MIS (Berguer, Forkey, and 
Smith 1999; Monfared et al. 2022; Vereczkei et al. 
2004; Yu et al. 2016). These previous findings would 
agree with our findings in the left shoulder; however, 
no increase in pain was observed for the participants 
that performed MIS >50% of their practice. One pos
sible explanation for this is the low number of 
respondents who reported performing MIS for >50% 
of surgeries. Only 3.5% of total respondents that 
gave responses to the left shoulder question were in 
the >50% group. For the right shoulder and the 
upper back, similar results were seen with increasing 
pain being reported as the percent of MIS increased, 
except in the MIS >50% group. Although MIS techni
ques are not as common in veterinary surgery, MIS 
has already seen significant growth for adoption in 
human medicine (St. John et al. 2020; Tsui, Klein, and 
Garabrant 2013). Due to the strong association 
between MIS and reported pain/discomfort and the 
potential growth in MIS techniques, there may be a 
need for prioritising the design of ergonomic techni
ques and tool controls for surgeons performing MIS 
procedures.

Finally, the work factor ‘number of procedures per
formed a week’ showed that surgeons performing 
greater than 12 procedures a week reported signifi
cantly more pain than those who perform 5–8 proce
dures a week and those who perform 9–12 
procedures a week. This is consistent with Yung et al. 
who found that injury risk factors for endoscopists 
included procedure volume and time spent doing 
endoscopy (Yung et al. 2017). Although our data were 
categorical, the relationship between the number of 
procedures and pain was not linear. Specifically, the 
increase was only significant when the number of pro
cedures was greater than 12. This clear increase at 
>12 procedures may help provide evidence for estab
lishing a threshold limit value (TLV) for the number of 
cases performed a week as part of organisational 
guidelines for minimising musculoskeletal injuries in 
veterinary surgery.

Although several factors were identified as contrib
utors to worker pain in veterinary surgery, additional 
studies are needed to address several limitations in 
the current study design. The work and worker factors 
addressed in this study are not comprehensive. 
Additional inquiry into more physical risk factors such 
as tool selection and workstation design would give 
further insight into the unique musculoskeletal chal
lenges faced by veterinary surgeons. As this survey 
was disseminated through the ACVS, responses were 
only captured for board-certified surgeons who were 
already working in the field. This limitation leaves out 
trainees who may be from a younger demographic 
and less experienced. This is shown by the youngest 
respondent being 32 years old. Additionally, the survey 
received a 20.5% response rate. This may suggest a 
response bias where those who have experienced 
musculoskeletal symptoms may be more motivated to 
respond due to its personal relevance.

4.1. Practical applications to veterinary surgeons

Veterinary surgeons reported high rates of MSS asso
ciated with performing surgery and were concerned 
about the longevity of their careers. Common body 
regions of pain, such as the neck, upper back, and 
lower back, are commonly affected by poor posture 
for an extended time for a procedure or multiple 
procedures. In addition, this study also identifies sev
eral key worker and work factors that are influencing 
pain and discomfort in veterinary surgery. These 
findings provide evidence that musculoskeletal 
symptoms are a concern in veterinary surgery and 
bring awareness to veterinary workers and ergono
mists on priority areas for both administrative and 
engineering controls. This study provides a basis for 
novel research on the unique occupational health 
challenges presented by varying patient sizes and 
the ergonomics of the differing work environments 
this entails. Through collaboration between veterin
ary surgeons and expert ergonomists, further 
research can aid in developing evidence-based 
organisational guidelines to improve the wellbeing 
of veterinary surgeons. Further contributions can see 
the development of ergonomically sound solutions 
that consider the unique needs and challenges of 
veterinary surgeons.
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Appendix B. Survey sample
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Appendix C. Regression plots for continuous significant factors.
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