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Abstract

Background Work-related musculoskeletal disorders (WMSDs) are a growing and probably undervalued concern for neurosur-
geons and spine surgeons, as they can impact their quality of life and career length. This systematic review aims to ascertain this
association and to search for preventive measures.

Methods We conducted a PRISMA-P-based review on ergonomics and WMSDs in neurosurgery over the last 15 years. Twelve
original articles were included, of which 6 focused on spine surgery ergonomics, 5 cranio-facial surgery (mainly endoscopic), and
one on both domains.

Results We found a huge methodological and content diversity among studies with 5 surveys, 3 cross-sectional studies, 2
retrospective cohorts, and 2 technical notes. Spine surgeons have sustained neck flexion and neglect their posture during surgery.
In a survey, low back pain was found in 62% of surgeons, 31% of them with a diagnosed lumbar disc herniation, and 23% of
surgery rate. Pain in the neck (59%), shoulder (49%), finger (31%), and wrist (25%) are more frequent than in the general
population. Carpal tunnel syndrome showed a linear relationship with increasing cumulative hours of spine surgery practice.
Among cranial procedures, endoscopy was also significantly related to shoulder pain while pineal region surgery received some
attempts to optimize ergonomics.

Conclusions Ergonomics in neurosurgery remains underreported and lack attention from surgeons and authorities. Improvements
shall target postural ergonomics, equipment design, weekly schedule adaptation, and exercise.

Keywords Surgery - Systematic review - Ergonomics - Neurosurgical practice - Spine surgery - Neuro-endoscopy -
Musculoskeletal disorders

Abbreviations Introduction

WMSDs  Work-related musculoskeletal disorders

WHO World Health Organization Neurosurgeons and spine surgeons are exposed to work-

CNS Congress of Neurosurgical Surgeons related musculoskeletal disorders (WMSDs), which can neg-

ETV Endoscopic third ventriculostomy atively impact their quality of life and career length.

OR Operating room According to the World Health Organization definition,

CTS Carpal tunnel syndrome WMSDs include all health problems of the locomotor appa-

HMD Head-mounted display ratus (the skeleton plus muscles, tendons, cartilage, ligaments,
and nerves) and all relevant forms of ill health, ranging from

This article is part of the Topical Collection on Neurosurgery general mild or transitory disorders to irreversible and disabling inju-
ries [31].

04 Torstein R. Meling Spine neurosurgeons in particular are exposed to WMSDs

torsteinrmeling@gmail.com by adopting sustained non-neutral positions, with prolonged

neck flexion and coronal misalignment as they operate in a
standing position, frequently leaning over the operating table
[19]. A significant prevalence of neck and back pain has been
reported among spine surgeons [2]. The use of vibrating pow-
er tools, Kerrison punches with repetitive hand movements,
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lead aprons, and high surgical loads pose risks for repetitive
strain injury, carpal tunnel syndrome, and wrist or hand dys-
function. Other examples of preventable disorders affecting
muscles, tendons, and nerves include tendinitis, degenerative
spine diseases, thoracic outlet syndrome, and tension neck
syndrome.

WMSDs may lead to time off work and could nega-
tively impact the quality of a surgeon’s performance
[14]. An increasing number of studies have drawn at-
tention to the importance of postural ergonomics,
aiming to reduce musculoskeletal fatigue among neuro-
surgeons [1].

We conducted a systematic review and meta-analysis of
published studies on this topic. Our goals were to determine
(1) the prevalence of WMSDs in neurosurgery and spine sur-
gery, (2) their burden on quality of life and ability to work, and
(3) the possible preventive interventions to minimize their
consequences.

Material and methods
Search strategy and study selection

According to the PRISMA-P guidelines (Preferred Reporting
Items for Systematic review and Meta-Analysis Protocols
checklist) [26], the authors systematically reviewed the pub-
lished literature on ergonomics and musculoskeletal disorders
in neurosurgery.

The literature search was performed on MEDLINE (US
National Library of Medicine), Embase Library, and Google
Scholar, including papers from 2006 to 2020. The following
Medical Subject Headings (MeSH) terms were used:
“ergonomics”’[MeSH Terms] OR “ergonomics”[All Fields])
AND (“neurosurgical procedures”’[MeSH Terms] OR
(“neurosurgical’[All Fields] AND “procedures”[All Fields])
OR “neurosurgical procedures”[All Fields] OR
“neurosurgery”[All Fields] OR “neurosurgery”’[MeSH
Terms]”.

No limits were defined regarding the year of publication,
language, or publication status, and no other additional filters
were applied after running the search in the abovementioned
databases (Fig. 1).

After removing duplicates, the titles and abstracts from
428 articles were screened. Two authors (AL and RG)
independently screened titles and abstracts of all identi-
fied articles, and full-text copies of all relevant articles
were acquired.

The following inclusion criteria were used: (1) peer-
reviewed research articles, prospective, or retrospective, on
ergonomics in the field of neurosurgery and spine surgery
and (2) studies written in the English language.
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Risk of bias and quality of study

The accepted articles were independently graded by two au-
thors (AL and RG) according to the Newcastle—Ottawa
Quality Assessment Scale [30] for quality assessment of
non-randomized studies. The level of evidence for each study
was evaluated using the Oxford Centre for Evidence-Based
Medicine guidelines.

Data collection

The following parameters were extracted and registered for
each article: (1) study ID; (2) study characteristics (author,
year, country, prospective, or retrospective study); (3) patient
demographics; (4) sample size; (5) ergonomics assessment;
(6) type of surgery performed; (7) outcome measurements;
(8) follow-up (FU) time. If necessary, the consensus was
reached by both authors through discussions with the senior
author (TRM). Data from each study reporting prevalence
estimates were extracted.

Statistical analysis

Results for continuous variables are reported as mean + stan-
dard deviation (SD) or range. For articles that did not report
mean and SD, we estimated the mean and SD according to the
methodology described by Hozo et al. [15]. Categorical vari-
ables are presented as median and quartiles or by absolute and
relative frequencies.

Results

In total, 18 titles were retained for full-paper screening. Six
papers were excluded from the qualitative analysis as these
were systematic reviews or not written in English. Thus,
twelve studies were included in the final analysis (Fig. 1).

Six articles [1, 2, 12, 17, 19, 20] focused on spine surgery
ergonomics and related issues; five others discussed cranio-
facial surgery [5, 9, 22, 23, 28], mainly endoscopic, and one
survey reported on both spinal and cranial surgery [14].

It was not possible to aggregate demographic results as the
variability of study designs and purposes was significant.
Among the spine-oriented studies, three were surveys, three
cross-sectional studies (randomized or not), and one was a
technical note. As for the cranio-facial-oriented studies, these
comprised two surveys, two retrospective descriptive cohorts,
and one technical note. Among these last ones, only one in-
cluded microscopic approaches, while the rest focused on en-
doscopic sinus and skull base surgery. Due to the diversity of
parameters measured and questions reported, no quantitative
analysis was performed. The results are shown in Table 1.
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Fig. 1 PRISMA flowchart
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Discussion

The current review allowed us to summarize the state-of-
affairs in a growing field that has been neglected for many
years; to our knowledge, this is the first of its kind in
neurosurgery. Firstly, ergonomics in neurosurgery remains
underreported and lack attention from surgeons, hospital
administrations, surgical material designers, and health in-
surance companies. Secondly, the challenges in ergonom-
ics are quite different between spine surgery and cranio-
facial surgery as the volume of pathology, as well as the
instruments and positions used, are substantially different.
Thirdly, the impact of such problems on surgical perfor-
mance and surgeons’ longevity and quality of life is largely
unknown. Lastly, any formal attention given to such as-
pects during the formative years of neurosurgical training
seems non-existent.

Like other groups working in medical health, our review
shows that surgeons are significantly impacted by musculo-
skeletal disorders. According to the statistics of the Health and
Safety Executive, the UK government’s agency responsible
for the encouragement, regulation, and enforcement of work-
place health, there were 60,000 work-related cases of the mus-
culoskeletal disorder among people working in human health
and social work in Great Britain in 2019 [16]. This rate is
significantly higher than for workers across all other industrial
branches. Surgeons are not spared from musculoskeletal dis-
orders and are even considered at high risk of developing
WMSDs [3, 10].

Among spine surgeons, sustained neck flexion is seen as a
major risk factor for musculoskeletal disorders [14, 19, 20].
Such posture is frequently necessary during procedures, par-
ticularly during cervical spine approaches. An additional con-
tributing factor may be that surgeons tend to neglect their
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Table 1 (continued)

Principal outcomes

Study

Geographic
location

Specialty

Design

Year of

Source

participant

publication

- Operating in the standing position resulted in physical discomfort

Survey Cranio-facial USA N=250

2019

Ramakrishnan et al.

mostly of the trunk and lower body.
- Operating in the sitting position shifted the muscular strain to the

[22]

upper back, neck, and shoulders.

- Semi-sitting position, with the addition of having the patient’s head

N=350

UK

Cranio-facial

Technical note

2017

Ekanayake et al. [9]

flexed and turned to the side of the surgeon allowed a more com-

fortable and intuitive placement of the operator’s arms in relation to

the nares.

- Discomfort after endoscopic procedure in the standing position was

UK

Cranio-facial

2017 Survey

Ramakrishnan

worse in the legs and low back, whereas, in the sitting position, it

was predominant in the upper back and arms.

et al. [23]

- Simulations performed using the support significantly reduced the

Japan N=14

Spine

Technical note

2015

Ito et al. [17]

musculoskeletal loading on the ventral side of the left foot by 70%.
- The device generated circa 10% of the musculoskeletal load on the

right hand.

posture during surgery as the procedure itself requires full
concentration.

Auerbach et al. [2] surveyed the type and prevalence of
musculoskeletal disorders among 561 surgeon members of
the Scoliosis Research Society; the majority of complaints
were low back pain (62%), neck pain (59%), and shoulder
pain (49%). A significant number of surgeons suffered also
from leg pain with radiculopathy (31%), finger pain (31%),
neck pain with radiculopathy (28%), elbow pain (28%), and
wrist pain (25%) [2]. The prevalence of neck pain in the gen-
eral population is approximately 20% [25]. Another statistic
from this study is particularly insightful: 4.6% of the respon-
dents had undergone surgical intervention for cervical disc
disease. This is in major contrast to the prevalence of 0.35%
of cervical radiculopathy observed in the general population
[13] and this difference was attributed by some authors [2] to
the position with the neck flexed during extended time pe-
riods. Importantly, 31% of'the surgeons in this survey reported
lumbar disc herniation and symptomatic back pain with
radiculopathy, with a surgery rate of 23% [2]. Here, again,
there is a gap between the prevalence of symptomatic lumbar
herniated disc in the general population (up to 5% [29]) and
the prevalence observed among the 561 surgeons surveyed.
Prolonged operative times while standing, awkward spine po-
sition and movement, or lifting heavy patients have been im-
plicated to explain such a difference.

Similar findings were reported by Gadjradj et al. in a sur-
vey among members of the Congress of Neurological
Surgeons [14]. Neck, shoulder, and back complaints were
the most prevalent in the context of three procedures: lumbar
discectomy, ventriculo-peritoneal shunting, and endoscopic
third ventriculostomy (ETV). Neck complaints were the most
prevalent in respondents performing lumbar discectomy.
Again, surgical procedures for degenerative spinal diseases
were most frequently mentioned as preceding factors before
such complaints. Univariate analysis showed that tenure of
less than 15 years and an operating room (OR) furnished er-
gonomically were associated with fewer WMSDs.
Multivariate analysis, however, only revealed that having a
tenure of less than 15 years was protective. Finally, height,
sex, age, dominant hand, caseload, the average duration of the
procedure, hours per week in the OR, and having the OR
furnished ergonomically were all non-significant factors.

A high rate of carpal tunnel syndrome (CTS) among spine
surgeons was reported by Forst et al. [12]. The survey includ-
ed 371 respondents including 274 spine specialists, where
16.4% were neurosurgeons and 57.4% were orthopedic sur-
geons. When compared with a group of non-surgeons, the
odds of developing CTS were at least twice as high for spine
surgeons as for non-surgical medical practitioners, with 29%
of the surgeons reporting CTS [12]. The risk of developing
CTS showed a linear relationship with increasing cumulative
hours of surgery. A particularly relevant observation for

@ Springer
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neurosurgical practice is that the use of the Kerrison rongeur
appeared to be a major risk factor for the development of CTS.
Indeed, the neurosurgeon subgroup showed a significant in-
crease in the risk of developing CTS, with an adjusted odds
ratio of 2 [12]. Other significant predictors of CTS among all
medical personnel were obesity and a length of professional
practice of more than 5 years. Auerbach et al. [2] reported a
lower rate of CTS of approximately 9%. Some discrepancies
in the rate of CTS observed between Forst et al. [12] and
Auerbach et al. [2] could be explained by the potential re-
sponse bias in the survey of Forst et al. [12], with a low
response rate of 16.8%.

According to Gadjradj et al. [14], ETV is associated with a
high rate of muscular complaints. In the literature, endoscopic
and laparoscopic procedures have also been associated with
high rates of WMSDs [11, 22-24, 27]. Neurosurgeons are not
performing laparoscopic procedures, but endoscopic surgery
in a standing position is frequent in neurosurgical practice. In
particular, upper limb complaints are frequently reported [2,
14]. Forty-nine percent of surgeons in the survey by Auerbach
et al. [2] suffered from shoulder pain, compared with a lower
percentage at 24.7% in Gadjradj et al. [14]. Interestingly,
100% of the surgeons surveyed in the latter reported shoulder
pain while performing ETVs.

In an online survey among members of the European
Rhinologic Society [24], 80% of the 250 responders reported
musculoskeletal problems. Neck and back were the
commonest sites of symptoms, in approximately 60% of
cases. A positive correlation was found between musculoskel-
etal symptoms and the standing position. Ramakrishnan et al.
[23] compared the sitting and standing positions in a study on
endoscopic sinus surgery and showed that the standing posi-
tion led to increased discomfort in the lower extremities and
back compared with the sitting position, which caused more
discomfort in the upper extremities. Hand, neck, and eye dis-
comfort were reported in both conditions. Rather than reduc-
ing muscle strain, the authors pointed out that the positional
switch only transferred the tension to other muscle groups.
Thus, there is still some controversy as to whether a sitting
or standing position offers the most optimal ergonomic posi-
tion during endoscopic sinus surgery.

As described above, lengthy hyperflexion of the cervical
spine is associated with musculoskeletal disorders. To deter-
mine the optimal sagittal balance of the spine during neuro-
surgical procedures, Park et al. [19, 20] compared whole spine
angles of 12 spine surgeons simulating surgeries on spine
models. Three different methods to visualize the surgical field
(naked eye, loupe, and out of loupe) were used and three
different operating table heights were suggested. The authors
showed that appropriate operating table height was the first
effective step to improve ergonomics in the OR. Utilization of
loupes should be coupled with a table height situated at the
midpoint between the umbilicus and sternum and is

@ Springer

comparable with a natural standing position in terms of values
of lumbar lordosis, thoracic kyphosis, cervical lordosis, and
occipital angle. Moreover, all parameters were also close to
the natural standing position when a microscope was used
during the simulation [20] if an optimal height of the operating
table (midpoint between the umbilicus and sternum) is pro-
vided. As recently pointed out by Demetriades et al., micro-
surgery with a microscope is ergonomically more efficient
than with loupes and headgear, at least in neurosurgery [8].
In order to improve ergonomics in neurosurgery, especially
during spinal procedures that can be long and tiring, engineers
at the Delft University of Technology developed ergonomic
body support that supports surgeons during both open and min-
imally invasive procedures [1]. The aim was to reduce a sur-
geon’s muscle activity in the lower back and extremities while
keeping the surgical field unobstructed. EMG results from sev-
en independent participating surgeons showed that the proto-
type was effective in reducing the activity of the lower back and
leg muscles during open surgery. This prototype, despite being
described by some of the surgeons as restrictive to their move-
ments, was considered safe in use [1]. Similarly, Ito et al. [17]
proposed a body support device to reduce musculoskeletal
loading for surgeons performing neurosurgical microsurgical
procedures. This ergonomic device, tested on 14 neurosur-
geons, efficiently improved the stability and smoothness of
the surgeon’s motion while reducing musculoskeletal loading
during procedures performed in the standing position [17].
Ramakrishnan et al. [22] recommended some simple mea-
sures to decrease WMSDs among surgeons performing skull
base or endoscopic procedures. Appropriate monitor placement
at 80-120 cm in front of the surgeon, as well as a correct adjust-
ment of the table to keep the hand in line with the elbow at
approximately 10 cm, with the arms slightly abducted and inter-
nally rotated could efficiently decrease the physical discomfort.
As described earlier, the sitting position did not show a signifi-
cant advantage in reducing muscular strain. The authors also
cautioned surgeons not to look directly through an endoscope
lens, to limit the time wearing headlight or loupes, and to limit
wrist flexion, deviation, and rotation to less than 15 degrees [22].
Surgery of the pineal region is considered as a long and
tiring procedure. In this context, some authors [5] proposed a
variant of the classic position (semi-sitting or sitting position)
to improve ergonomics, while reducing feared complications
like air embolism [21]. Thus, they proposed a “praying posi-
tion,” a position in which the patient is sitting steeper, with the
head bent forward and downward and tilted about 30° [5].
Ergonomic modifications in patient positioning were also pro-
posed by some authors [9] during endoscopic pituitary surger-
ies to improve operating by setting up conditions more com-
fortable for the neurosurgeon [9].
Lastly, head-mounted display (HMD) utilization during
neuro-endoscopic procedures (mainly ETV and
transsphenoidal pituitary surgery) was assessed in the
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retrospective study of van Lindert et al. [28]. This seemed to
improve the ergonomics of neuro-endoscopic and other
endoscope-controlled procedures by allowing the surgeon to
have a neutral head position, regardless of the surgeon’s posi-
tion relative to the surgical field. The authors showed that
visual strain and ocular fatigue was decreased [28].

Future directions

Trainees and young neurosurgeons must be aware of the sig-
nificant risk of suffering from WMSDs and learn good practice
early, as well as develop an awareness of the risk they are
exposed to (for instance, the long-term use of the Kerrison
rongeurs or loupes). Exercise also seems to reduce the risk of
developing WMSDs in other standing and manual professions
[7, 18, 32]. For example, some companies have set up work-
place fitness programs, consisting of stretching and warm-up
exercises for over-taxed joints. In the literature, exercise seems
to have a moderate, but the definite impact, on WMSDs [31].

Challenges in ergonomics are quite different between the
spine and cranio-facial surgery. Globally, fewer musculoskel-
etal disorders among cranio-facial surgeries specialist are re-
ported, and most of the complaints are related to upper limb
disorders [14, 23, 28]. Thus, ameliorations of ergonomics in
cranio-facial surgeries are dependent upon correct patient po-
sitioning, utilization of HMDs, and correct positioning of the
endoscope screen. Interestingly, neither of the sitting or stand-
ing position seems to show any advantage to reduce global
muscular strain. In spine surgeries, improvements in postural
ergonomic can be achieved by ideal positioning of the OR
table [19, 20], the ideal positioning of the patient [5], the use
of a microscope during spine surgeries [19, 20], and the use of
body support to decrease surgeon’s muscle strain [1, 17].

Neurosurgeons may have to take time off work because of
these WMSDs, and their surgical skills could also be altered
by these. Specific costs generated from these forced vacations
are not known, but overall, the National Research Council
estimated that workers’ compensation costs associated with
lost workdays due to musculoskeletal disorders range from
$13 to $20 billion annually [6]. However, indirect costs must
be added to the cost of compensation claims, leading to esti-
mates as high as $45 to $54 billion annually for musculoskel-
etal disorders reported as work related [6].

As ergonomics is defined as the scientific study of people
and their working conditions, especially done in order to im-
prove effectiveness [4], it is a field that deserves investment,
both in knowledge and in practice. It is evident that we still need
to define optimal ergonomics for our specialty, paying due
attention to (i) postural ergonomics; (ii) instrument design and
technologys; (iii) the environment around the surgeon (e.g., op-
erating table, chairs, lights, monitors, navigation equipment);
(iv) composition of operating lists (length of procedure, posture
during each, weekly schedule); (v) exercise to avoid risk

factors; and (vi) maintenance of good practice. Continuous
self-improvement and lifelong learning are becoming essential
components of a competent and successful surgeon.

Limitations

The small amount of literature available on a specific topic is a
natural limitation. The risk of selection bias was minimized by
conducting a two-author data collection, as per PRISMA guide-
lines. Due to the diversity of parameters measured and questions
reported, no quantitative analysis was performed. Lastly, there
was not enough evidence synthesized in order to propose recom-
mendations, other than further research in this area.

Conclusions

Ergonomics for neurosurgeons has seemingly been neglected for
many years and remains underreported. Surgeons, hospital ad-
ministrations, surgical material designers, and health insurance
schemes have a role to play in taking action to protect surgeons
from this potential burden and occupational health hazard.

The impact of WMSDs in surgical performance and sur-
geon’s longevity and quality of life is largely unknown.

A systematic approach into the field of ergonomics in neu-
rosurgery will require a sustained effort with multi-
disciplinary input aiming at eventual long-lasting benefits
for both neuro and spine surgeons, trainees, and patients.

Authors’ contributions Data collection: A.L., R.G.
Review of the literature: A.L., R.G.
Manuscript drafting: A.L., T.R.M., AK.D., R.G.
Critical revision: all authors

Funding information Open Access funding provided by University of
Geneva.

Compliance with ethical standards

This article does not contain any studies with human participants or an-
imals performed by any of the authors

Conflict of interest The authors declare that they have no conflict of
interest.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer


https://doi.org/

2220

Acta Neurochir (2020) 162:2213-2220

References

11.

12.

13.

14.

15.

16.

Albayrak A, van Veelen MA, Prins JF, Snijders CJ, de Ridder H,
Kazemier G (2007) A newly designed ergonomic body support for
surgeons. Surg Endosc 21:1835-1840. https://doi.org/10.1007/
s00464-007-9249-1

Auerbach JD, Weidner ZD, Milby AH, Diab M, Lonner BS (2011)
Musculoskeletal disorders among spine surgeons: results of a survey of
the Scoliosis Research Society membership. Spine (Phila Pa 1976) 36:
E1715-E1721. https://doi.org/10.1097/BRS.0b013e31821cd 140
Berguer R (1999) Surgery and ergonomics. Arch Surg 134:1011—
1016. https://doi.org/10.1001/archsurg.134.9.1011

Cambridge Dictionary Ergonomics. (2020). https://dictionary.
cambridge.org/fr/dictionnaire/anglais/ergonomics. Accessed 03.
05.2020

Choque-Velasquez J, Colasanti R, Resendiz-Nieves JC, Gonzales-
Echevarria KE, Raj R, Jahromi BR, Goehre F, Lindroos AC,
Hernesniemi J (2018) Praying sitting position for pineal region
surgery: an efficient variant of a classic position in neurosurgery.
World Neurosurg 113:¢604—e611. https://doi.org/10.1016/j.wneu.
2018.02.107

Council NR, Medicine Io (2001) Musculoskeletal disorders and the
workplace: low back and upper extremities. The National
Academies Press, Washington, DC. doi:https://doi.org/10.17226/
10032

da Costa BR, Vieira ER (2008) Stretching to reduce work-related
musculoskeletal disorders: a systematic review. J Rehabil Med 40:
321-328. https://doi.org/10.2340/16501977-0204

Demetriades AK, Meling TR, Ringel FA, Schaller K (2020)
Postural ergonomics and micro-neurosurgery: microscope has an
edge over loupes. ] Am Coll Surg. https://doi.org/10.1016/;.
jamcollsurg.2020.04.026

Ekanayake J, Baudracco I, Quereshi A, Vercauteren T, Dorward
NL (2018) The conversational position in endoscopic pituitary sur-
gery. Br J Neurosurg 32:44-46. https://doi.org/10.1080/02688697.
2017.1406058

Epstein S, Sparer EH, Tran BN, Ruan QZ, Dennerlein JT, Singhal
D, Lee BT (2018) Prevalence of work-related musculoskeletal dis-
orders among surgeons and interventionalists: a systematic review
and meta-analysis. JAMA Surg 153:¢174947. https://doi.org/10.
1001/jamasurg.2017.4947

Esposito C, El Ghoneimi A, Yamataka A, Rothenberg S, Bailez M,
Ferro M, Gamba P, Castagnetti M, Mattioli G, Delagausie P,
Antoniou D, Montupet P, Marte A, Saxena A, Bertozzi M,
Philippe P, Varlet F, Lardy H, Caldamone A, Settimi A, Pelizzo
G, Becmeur F, Escolino M, De Pascale T, Najmaldin A, Schier F
(2013) Work-related upper limb musculoskeletal disorders in pae-
diatric laparoscopic surgery A multicenter survey. J Pediatr Surg
48:1750-1756. https://doi.org/10.1016/j.jpedsurg.2013.01.054
Forst L, Friedman L, Shapiro D (2006) Carpal tunnel syndrome in
spine surgeons: a pilot study. Arch Environ Occup Health 61:259—
262. https://doi.org/10.3200/AEOH.61.6.259-262

Frymoyer JW (1992) Lumbar disk disease: epidemiology. Instr
Course Lect 41:217-223

Gadjradj PS, Ogenio K, Voigt I, Harhangi BS (2020) Ergonomics and
related physical symptoms among neurosurgeons. World Neurosurg
134:e432—e441. https://doi.org/10.1016/j.wneu.2019.10.093

Hozo SP, Djulbegovic B, Hozo I (2005) Estimating the mean and
variance from the median, range, and the size of a sample. BMC
Med Res Methodol 5:13. https://doi.org/10.1186/1471-2288-5-13
Human health and social work activities statistics in Great Britain
2019. (2019). https://www.hse.gov.uk/statistics/industry/health.
pdf. Accessed 27.05.2020

@ Springer

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Ito K, Horiuchi T, Seguchi T, Hongo K (2015) Usefulness of a
device for body support during operations performed while stand-
ing. Neurosurg Rev 38:731-737. https://doi.org/10.1007/s10143-
015-0633-3

Kelly D, Shorthouse F, Rofti V, Tack C (2018) Exercise therapy
and work-related musculoskeletal disorders in sedentary workers.
Occup Med 68:262-272. https://doi.org/10.1093/occmed/kqy054
Park JY, Kim KH, Kuh SU, Chin DK, Kim KS, Cho YE (2012) Spine
surgeon’s kinematics during discectomy according to operating table
height and the methods to visualize the surgical field. Eur Spine J 21:
2704-2712. https://doi.org/10.1007/s00586-012-2425-6

Park JY, Kim KH, Kuh SU, Chin DK, Kim KS, Cho YE (2014)
Spine surgeon’s kinematics during discectomy, part II: operating
table height and visualization methods, including microscope. Eur
Spine J 23:1067-1076. https://doi.org/10.1007/s00586-013-3125-6
Porter JM, Pidgeon C, Cunningham AJ (1999) The sitting position
in neurosurgery: a critical appraisal. Br J Anaesth 82:117-128.
https://doi.org/10.1093/bja/82.1.117

Ramakrishnan VR (2019) Ergonomics in endoscopic sinus surgery.
Curr Opin Otolaryngol Head Neck Surg 27:25-28. https://doi.org/
10.1097/MO0.0000000000000504

Ramakrishnan VR, Milam BM (2017) Ergonomic analysis of the
surgical position in functional endoscopic sinus surgery. Int Forum
Allergy Rhinol 7:570-575. https://doi.org/10.1002/alr.21911
Rimmer J, Amin M, Fokkens WJ, Lund VJ (2016) Endoscopic
sinus surgery and musculoskeletal symptoms. Rhinology 54:105—
110. https://doi.org/10.4193/Rhin15.217

Rubin DI (2007) Epidemiology and risk factors for spine pain.
Neurol Clin 25:353-371. https://doi.org/10.1016/j.ncl.2007.01.004
Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew
M, Shekelle P, Stewart LA, Group P-P (2015) Preferred reporting
items for systematic review and meta-analysis protocols (PRISMA-
P) 2015: elaboration and explanation. BMJ 350:27647. https://doi.
org/10.1136/bmj.g7647

Stomberg MW, Tronstad SE, Hedberg K, Bengtsson J, Jonsson P,
Johansen L, Lindvall B (2010) Work-related musculoskeletal dis-
orders when performing laparoscopic surgery. Surg Laparosc
Endosc Percutan Tech 20:49-53. https://doi.org/10.1097/SLE.
0b013e3181cded54

van Lindert EJ, Grotenhuis JA, Beems T (2004) The use of a head-
mounted display for visualization in neuroendoscopy. Comput Aided
Surg 9:251-256. https://doi.org/10.3109/10929080500165476

Vialle LR, Vialle EN, Suarez Henao JE, Giraldo G (2010) Lumbar
disc herniation. Rev Bras Ortop (English Edition) 45:17-22. https:/
doi.org/10.1016/s2255-4971(15)30211-1

Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M,
Tugwell P (2019) The Newcastle-Ottawa Scale (NOS) for assessing
the quality of nonrandomised studies in meta-analyses. http:/www.
ohri.ca/programs/clinical epidemiology/oxford.asp. Accessed 27.
05.2020

Work-Related Musculoskeletal Disorders & Ergonomics. (2020)
National Center for Chronic Disease Prevention and Health
Promotion. https://www.cdc.gov/workplacehealthpromotion/
health-strategies/musculoskeletal-disorders/index.html. Accessed
07.05.2020

Yao Y, Zhao S, An Z, Wang S, Li H, Lu L, Yao S (2019) The
associations of work style and physical exercise with the risk of
work-related musculoskeletal disorders in nurses. Int J Occup
Med Environ Health 32:15-24. https://doi.org/10.13075/ijjomeh.
1896.01331

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s00464-007-9249-1
https://doi.org/10.1007/s00464-007-9249-1
https://doi.org/10.1097/BRS.0b013e31821cd140
https://doi.org/10.1001/archsurg.134.9.1011
https://dictionary.cambridge.org/fr/dictionnaire/anglais/ergonomics
https://dictionary.cambridge.org/fr/dictionnaire/anglais/ergonomics
https://doi.org/10.1016/j.wneu.2018.02.107
https://doi.org/10.1016/j.wneu.2018.02.107
https://doi.org/10.17226/10032
https://doi.org/10.17226/10032
https://doi.org/10.2340/16501977-0204
https://doi.org/10.1016/j.jamcollsurg.2020.04.026
https://doi.org/10.1016/j.jamcollsurg.2020.04.026
https://doi.org/10.1080/02688697.2017.1406058
https://doi.org/10.1080/02688697.2017.1406058
https://doi.org/10.1001/jamasurg.2017.4947
https://doi.org/10.1001/jamasurg.2017.4947
https://doi.org/10.1016/j.jpedsurg.2013.01.054
https://doi.org/10.3200/AEOH.61.6.259-262
https://doi.org/10.1016/j.wneu.2019.10.093
https://doi.org/10.1186/1471-2288-5-13
https://www.hse.gov.uk/statistics/industry/health.pdf
https://www.hse.gov.uk/statistics/industry/health.pdf
https://doi.org/10.1007/s10143-015-0633-3
https://doi.org/10.1007/s10143-015-0633-3
https://doi.org/10.1093/occmed/kqy054
https://doi.org/10.1007/s00586-012-2425-6
https://doi.org/10.1007/s00586-013-3125-6
https://doi.org/10.1093/bja/82.1.117
https://doi.org/10.1097/MOO.0000000000000504
https://doi.org/10.1097/MOO.0000000000000504
https://doi.org/10.1002/alr.21911
https://doi.org/10.4193/Rhin15.217
https://doi.org/10.1016/j.ncl.2007.01.004
https://doi.org/10.1136/bmj.g7647
https://doi.org/10.1136/bmj.g7647
https://doi.org/10.1097/SLE.0b013e3181cded54
https://doi.org/10.1097/SLE.0b013e3181cded54
https://doi.org/10.3109/10929080500165476
https://doi.org/10.1016/s2255-4971(15)30211-1
https://doi.org/10.1016/s2255-4971(15)30211-1
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.cdc.gov/workplacehealthpromotion/health-trategies/musculoskeletalisorders/index.html
https://www.cdc.gov/workplacehealthpromotion/health-trategies/musculoskeletalisorders/index.html
https://doi.org/10.13075/ijomeh.1896.01331
https://doi.org/10.13075/ijomeh.1896.01331

	Ergonomics and musculoskeletal disorders in neurosurgery: a systematic review
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Material and methods
	Search strategy and study selection
	Risk of bias and quality of study
	Data collection
	Statistical analysis

	Results
	Discussion
	Future directions
	Limitations

	Conclusions
	References


