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ABSTRACT

Work-related musculoskeletal disorders (WRMSDs) are a group of disorders that are caused by occupational risk
factors. The introduction of minimal invasive surgical techniques has led to increased complexities in the surgical
environment and practice. To find out the prevalence of WRMSDs in surgeons performing minimally invasive
procedures we reviewed papers on online databases, published till 2015 and also materials available in the internet.
This review shows that there is a high prevalence of WRMSDs in surgeons. The commonly areas reported were low
back, neck, shoulder, wrist, hand, knee and elbow. The awareness of ergonomic practice was relatively low. Poor
posture, age, gender, higher surgical volume, equipment design, OR table height, OR layout have been identified as
risk factors for development of work related discomfort. In order to better understand the pathophysiological risk and
injuries associated with surgery (particularly minimally invasive surgery), comprehensive objective assessment of the
surgeons in the operating room setting is the need of the hour.
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INTRODUCTION Work-related musculoskeletal disorders have been

extensively studied in populations where the risk is

Work-related musculoskeletal disorders (WRMSDs) are
increasingly being reported and studied in various
professions worldwide. Work-related musculoskeletal
disorders (WMSD or WRMSDs) are injuries or disorders
of the muscles, nerves, tendons, joints, cartilage and
spinal discs in which the work environment and
performance of work contribute significantly to the
condition; and/or the condition is made worse or persists
longer due to work conditions.* Ergonomic organizations
are emphasizing the need of a safe and healthy workplace
environment in several occupations. The principal aim of
these safeguard measures is optimization of work
productivity.

determined to be high. These include factory workers,
farm labourers and those performing heavy manual
loading on one hand and those engaged in repetitive work
in a sedentary desk job on the other. Amongst health
professionals, dentists®® nurses*® sonologists®’ and
recently surgeons®® have received substantial attention.

Advances in imaging, equipment, operative navigation
systems etc have been incorporated in modern surgical
care leading to significant change in the work setting of
surgeons in operating rooms. One such advance in
surgical technology is minimally invasive surgery (MIS).
Some well-established MIS advantages for the patient are
reduced blood loss, lower rates of surgical site infection,
lesser postoperative pain, shorter hospital stays, quicker
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return to productivity, and a better cosmetic result.***

Hence, more and more surgeries are being done by MIS
technique. Minimal access surgery is practiced by several
surgical disciplines such as general surgery, urology,
gynaecology,  thoracic  surgery,  otolaryngology,
orthopaedics and ophthalmology.

Several studies, which have analyzed the ergonomic
problems associated with laparoscopic surgery as
compared to open surgery, have revealed that the
laparoscopic technique is more taxing for the surgeon.*?™*
While performing a MIS, a surgeon comes across an
altered operating environment. There is a loss of tactile
feedback due to substitution of instruments for the
surgeon's hands. Indirect visualization of the operating
field by means of monitors leads to dissociation of the
visual and motor axes, loss of depth perception and loss
of peripheral vision. All these factors pose mental and
physical challenges to the surgeon. Compared with open
surgery, laparoscopic surgery presents manipulation
difficulties because the instruments are cumbersome,
uncomfortable, and offer reduced degree of freedom. The
largely static posture required, dictated by port placement
and the site of the monitor, is known to cause eye strain
and discomfort to arm, shoulder, and spine. In addition,
manoeuvring instruments, passing through fixed ports

into the abdomen, increase muscle activity and require
adoption of awkward positions of the upper limbs. As a
result of these constraints, the physical workload in
laparoscopic surgery is significantly increased over that
required for an equivalent open procedure.

METHODS

An extensive review of the published literature was
conducted in PubMed database for articles published
between 1998 and 2015 using keywords such as: work-
related  musculoskeletal ~ disorders,  work-related
musculoskeletal symptoms, work-related musculoskeletal
pain, WRMSDs, surgical ergonomics, minimally invasive
surgery, laparoscopic surgery and various other
combinations.

DISCUSSION

There is a high prevalence of musculoskeletal symptoms
in surgeons performing minimal access surgery as
evidenced by a number of studies published till date.
Relatively more prevalence reports are available in
laparoscopic surgery, whereas research in the other
surgical disciplines is now gaining attention. The findings
of these prevalence reports are discussed in the Table 1.

Table 1: Prevalence of work related musculoskeletal symptoms in general surgeons and endoscopists.

Population studied

symptoms

%Prevalence musculoskeletal

I — :
Berguer R, Forkey DL et al 149 surgeons 8% to 12%.
Wauben LS, Van Veelen MA, et al™ Surgeons and residents laparoscopists 80%

Byun YH, Lee JH et al™®

55 GI endoscopists in Korea.

67.3% -pain at rest.
89.1% -more than one site

Hansel SL, Crowell MD et al*’

Gastroenterologists (GI).
Internal medicine specialists and
subspecialists (non-Gl).

74% in the GI group vs. 35% in the
non-GlI group (P<0.001).

Grace P. Y. Szeto
Pei Ho et al.®

General surgeons in public hospitals of Hong
Kong.

80%

Stomberg MW, Tronstad SE et al.*®

378 laparoscopists

>70% (most frequent sites lower back,
neck and shoulders)

Sari V, Nieboer TE, et al*®

55 University hospital laparoscopic surgeons

73%

Takayasu Kuwabara,Yuji Urabe, et al®

Surgeons: 190 endoscopists and 120 non-
endoscopists.

43% in endoscopists
41% in non-endoscopists

FA Desai, TJ Ellapen, et al**

76 general surgeons

69.74%

Y Modi, Manoranjan R. et al*®

Gl, urological, gynecological and thoracic
Surgeons

66% (arm and shoulder pain)
32% (neck pain)

T Dabholkar, S Yardi, et al®

75 general surgeons performing MIS

86%
65 % more than one site pain.
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Table 2: Prevalence of work related musculoskeletal symptoms in urologists and gynaecologists.

Authors Population studied

Shunaha Kim

International Uro-gynecological association
Fine, Sandra M. Woolley etal® and American Uro-gynecological society.

% Prevalence musculoskeletal
symptoms

86.7% (436/503)

Jason Franasiak, Emily M.
Ko, et al®

260 members of Society of Gynecologic
Oncology North America.

88% - Physical discomfort related to
MIS
52% - Persistent pain.

Ofer N. Gofrit , Albert A.

Mikahail, et al® 73 urologists

30% - Neuromuscular pain,
18% - Finger paresthesia,
45% - Numbness

37% - Pain in hand and wrist

Table 3: Prevalence of work related musculoskeletal symptoms in otolaryngologists.

Authors Population studied

Barbar-Craig H, Banfield G et al*’

325 ENT consultants in UK

%Prevalence musculoskeletal
symptoms

72%-neck & back pain

(53% attributed symptoms to surgical
practice)

Cavanagh J, Brake M et al®®

Paediatric otolaryngologists 62%

M. Amin, J. Rimmer et al® :
Society

78 members of the British Rhinological

58% (pain) and 59% (stiffness)

Table 4: Prevalence of work related musculoskeletal symptoms in ophthalmologists.

Authors

Population studied

Dabholkar T, Yardi S, et al*®

75 ophthalmologists

Sivak-Callcott Jennifer A. et al*

130 ophthalmologic plastic surgeons 72.5%

Kenneth C. Dhimitri, McGwin et al*®

697ophthalmologists in US 51.8%

Table 5: Prevalence of work related musculoskeletal
symptoms in minimally invasive surgical team.

%Prevalence
musculoskeletal
symptoms
Physical
discomfort 63%
and perception
problems 50%

Authors Population

studied

Van Veelen MA, Medical teams in
Nederlof EA, et minimally
al® invasive surgery.

Common anatomical sites

Most researchers have reported surgeons experiencing
discomfort in the neck, back and shoulders, wrist and
hand as can be seen in Table 6.

The neck pain has been attributed to the inappropriate
height and viewing angles of the monitors. Higher
monitors not placed directly in the line of vision can lead

to a persistent awkward neck posture of extension
coupled with rotation. The role of prolonged repetitive
upper limb task cannot be ignored in causation of neck
pain.

The back pain has been attributed to the prolonged
standing, bent and twisted postures adopted while
performing repetitive work with precision in surgeries.
Other contributing causes for both neck & back pain may
are inadequate assistance, unorganised OR environment
and inadequate breaks.

Shoulder pain is more likely if the arms are kept elevated
or abducted for a prolonged time the result of which is
increased demand on the shoulder stabilisers. Use of
instruments with uncomfortable handles, reduced degree
of freedom, long extracorporeal lengths and performing
repetitive upper limb movement and were considered
highly associated with elbow, wrist and hand pain.
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Table 6: Prevalence of work related musculoskeletal symptoms as per anatomical site-wise.

Authors Upper limb Lower limb
;(Izlz\/lodl, Manoranjan R. et 3206 ) 66% )
. 21 33.9% 60.3%-lower 32% Glenohumeral 22.64% -Lower
FA Desai, TJ Ellapen et al 26.4% upper back  24.5% Elbow/Forearm/ hand  limb/ankle/foot -
Shoulder -14.6%
T Dabholkar, S Yardi etal®  26.6% 49.3% Wrist hand - 25.3% 22.6%
Elbow - 14.6%
T Dabholkar. S Yardi et al®® 51% 46% 18% (Shoulder pain) 11% (leg fatigue and
‘ (low back ) numbness)
1 0, 0
Gra%e P. Y. Szeto, Pei Ho, 82.9% 68.1% lower 52.6% 57.8% )
et al Upper
9% Right shoulder-
'[I'EP::(\)/Zigari;S\](ZOUrabe, etal 9% 26% Lower back 8% left thumb - -
p 17% hand and wrist
. . 30.3% Hand, n
E Z‘ﬁ)”sio LiCQ:jrf)tlj' isztgs]; 58.1% 53.1% 32.8% Wrist, 20 (LE
P P g 33.6% Shoulder
DRimitri KC, MCGWinet ) 606 30% Lowback  32.9% :

al*? [Ophthalmologists]

Risk Factors of WRMSDs

Studies have identified static and awkward postures,
female gender, OR table height, OR layout, higher
surgical volume, instrument design, age, inexperience
and poor monitor position as risk factors for development
of work related musculoskeletal pain (Table 7).

It can be seen from the above table that many studies
have identified age as risk factor for WRMSDs (due to
higher job stress and lower fitness levels with increasing
age). However in surgeons, as in any population, younger
workers may also be at increased risk of musculoskeletal
problems due to their lack of experience resulting in
poorer skills and insufficient practice.” The “healthy
worker effect” also suggests that those who are healthy
are more likely to remain at work.*®

The confounding influence of age, general health, stress,
fatigue, sleep disturbance, anxiety, emotional distress,
cognitive dysfunction, poor quality of life and pain
threshold makes it challenging to assess the prevalence in
this population.

To prevent and minimize WRMSD in this group, the
surgeons performing minimally invasive surgeries have
to be made aware of simple ergonomic practices like
adopting acceptable posture during surgery and adequate
breaks between procedures. Spinal postures with greater
than 20 degrees of flexion, lateral flexion or rotation and
more than 5 degrees of extension pose a risk for spinal
pain if adopted for longer durations. The monitors should
be mounted in a manner that viewing angle is in the
surgeon’s line of vision. Adjustable ceiling mounted
monitors would be preferable to monitors mounted on

fixed height TV towers in the OT. The optimal monitor
position is at least 1 m from the surgeon's eyes and at a
declination that ranges from 0° to-15° from the surgeon’s
neutral gaze.**

Ergonomic awareness in surgeons

In spite of the increase in the prevalence of work related
musculoskeletal symptoms, there is both limited
ergonomic awareness and inadequate practice of
ergonomic guidelines by surgeons as reported in
literature. These statistics show that more surgeons
should be made aware of ergonomic practices like
ensuring optimum operating surface height and monitor
height, appropriate lighting and temperature OR layout
and other safety related ergonomic issues like floor
clearance (Table 8).

Suggestions

In view of the high prevalence in this group we
recommend fitness training for surgeons in general and
those performing minimal access surgeries in particular.
Lower extremity fatigue can be reduced with the help of
anti-fatigue mats and ergonomic surgeon chairs. There is
an urgent need for ergonomic attention to design of OR
and its equipment. This should be taken into
consideration by  manufacturers and  hospital
administrators.

With increasing number of surgical procedures being
done by the minimally invasive technique, it is likely that
surgeons in future will be at even greater risk of
developing WRMSDs, if prompt and timely measures are
not initiated. Due consideration also needs to be given to
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time management to avoid overload and fatigue in
surgeons. A strong relationship has been observed
between surgeon distress/fatigue and perceived medical
errors.*>** Looking to the future and the important issue

of patient safety, we believe that ergonomics in the
operation theatre focusing not only on the surgeon but the
entire operating team will translate into better surgical
outcome & improvements in the patient safety culture.

Table 7: Risk factors of work related musculoskeletal pain in surgeons.

Authors

Lu3%as-Hernéndez M, Pagador JB et
al.

Population studied
Laparoscopic surgeons of the Spanish
Health System

Risk factors |

Instruments' design, operating tables,
posture of the surgeons.

A.K. Hemal, M. Srinivas, and A.R.
Charles®

Laparoscopic surgeons versus surgeons
performing conventional surgeries

Laparoscopic more associated with
WRMSDs over conventional.
Inexperience

Ofer N. Gofrit, Albert A. Mikahail,
et al*®

73 urologists

Total number of laparoscopic
procedures performed

Sari V, Nieboer TE, et al*®

Laparoscopic surgeons

Table height, monitor position, design
of instrument handles

Stomberg MW, Tronstad SE et al'®

Gynaecologists and Surgeons performing
laparoscopic surgery

Longer work time, ageing, gender
(F>M)

Van Veelen MA, Nederlof EA, et
al®

OR layout, limited reach of
instruments, work clothing

Byun YH, Lee JH et al*®

Gastrointestinal endoscopists

Posture or habit, gender (F>M)

T\é\éinkle Dabholkar, Sujata Yardi et
al

General surgeons performing MIS
procedures

Wrong posture, work place
ergonomics, prolonged standing, long
working hours

Dabholkar T, Yardi S, et al*®

Ophthalmologists

Poor posture, long surgery hours,
uncomfortable seating, use of
microscope

Grace P. Y. Szeto, Pei Ho, et al®

General surgeons in Hong Kong

Sustained static/awkward posture
Work style score

Takayasu K, Yuji U, et al®

Japanese Gl endoscopists

Age of the endoscopists, procedures
per week

Franasiak J, Ko EM, Kidd J et al®

Gynaecological oncologists performing
MIS

Surgeon's height, age, glove size and
gender (F>M), patient’s BMI

Table 8: Ergonomic awareness and practice in surgeons.

Authors

Wauben LS, Van Veelen MA, etal®

Awareness of ergonomic

guidelines _
89% unaware -

Practice/training of ergonomics

Y. Modi, Manoranjan R. et al?

64% aware

54% - following guideline in operating
surface height and 4% for monitor height

T. Dabholkar, S. Yardi et al*®

45% aware

Not reported

T. Dabholkar, S. Yardi et al*®

38% ophthalmologists aware

Not reported

98.8% laparoscopic urologists

Liang, B., Qi, L., et al* 94.6% never received any training or

stated that ergonomic guidelines . Y
education on ergonomic guidelines

in the OR are important.

31.0% aware

83.9% of those aware had implemented
ergonomic principles

Cavanagh J., Brake M. et al*®

recommend urgent ergonomic attention to the work setup
and better training in ergonomic practices in surgeons
performing minimally invasive surgeries.

CONCLUSION
The prevalence of WRMSDs in surgeons performing

minimal invasive surgery is higher than those performing
open surgery. In view of this high prevalence we

International Surgery Journal | July-September 2016 | Vol 3 | Issue 3  Page 1032



Dabholkar TY et al. Int Surg J. 2016 Aug;3(3):1028-1034

Funding: No funding sources
Conflict of interest: None declared
Ethical approval: Not required

REFERENCES

1.

10.

11.

Bernard BP. U.S. Department of Health and Human
Services, Centers for Disease control and
Prevention, National Institute of Occupational
Safety and Health. Musculoskeletal disorders and
workplace  factors: a critical review of
epidemiologic evidence for  work-related
musculoskeletal disorders of the neck, upper
extremity, and lower back. July 1997. DHHS
(NIOSH) Publication No. 97-141.

Kumar VK, Kumar SP, Baliga MR. Prevalence of
work-related musculoskeletal complaints among
dentists in India: A national cross-sectional survey.
Indian J Dent Res. 2013;24(4):428-38.

Hayes MJ, Cockrell D, Smith DR. A systematic
review of musculoskeletal disorders among dental
professionals. Intern J Dent Hygiene.
2009;7(3):159-65.

Serranheira F, Cotrim T, Rodrigues V, Nunes C,
Sousa-Uva A. Nurses’ working tasks and MSDs
back symptoms: results from a national survey.
Work. 2012;41:2449-51.

Tinubu BM, Mbada CE, Oyeyemi AL, Fabunmi
AA. Work-related musculoskeletal disorders among
nurses in lIbadan, South-west Nigeria: a cross-

sectional survey. BMC Musculoskel Disorder.
2010;11:12.

Evans K, Roll S, Baker J. Work-Related
Musculoskeletal Disorders (WRMSD) Among

registered diagnostic medical sonographers and
vascular technologists: a representative sample. J
Diagn Med Sonography. 2009;25(6):287-99.

Roll SC, Evans KD, Hutmire CD, Baker JP. An
analysis of occupational factors related to shoulder
discomfort in diagnostic medical sonographers and
vascular technologists. Work. 2012;42(3):355-65.
Szeto GP1, Ho P, Ting AC, Poon JT, Cheng SW,
Tsang RC. Work-related musculoskeletal symptoms
in surgeons. J Occup Rehabilit. 2009;19(2):175-84.
Esposito C1, ElI Ghoneimi A, Yamataka A,
Rothenberg S, Bailez M, Ferro M, et al. Work-
related upper limb musculoskeletal disorders in
paediatric laparoscopic surgery. A multicenter
survey. J Pediatr Surg. 2013;48(8):1750-6.

Berggren U, Gordh T, Grama D, Haglund U, Rastad

J, Arvidsson D. Laparoscopic versus open
cholecystectomy:  hospitalization, sick leave,
analgesia, and trauma responses. Br J Surg.

1994;81(9):1362-5.

Richards C, Edwards J, Culver D, Emori TG,
Gaynes R. National Nosocomial Infections
Surveillance (NNIS) System, Centers for Disease
Control & Prevention. Does using a laparoscopic
approach to cholecystectomy decrease the risk of

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

surgical site infection? Ann Surg. 2003;237(3):358-
62.

Berguer R, Forkey DL, Smith WD. Ergonomic
problems associated with laparoscopic surgery. Surg
Endosc. 1999;13(5):466-8.

Nyugen NT, Ho HS Smith WD, Philipps C, Lewis
C, De Vera RM, Berguer R. An ergonomic
evaluation of surgeons' axial skeletal and upper
extremity movements during laparoscopic and open
surgery. Am J Surg. 2001;182(6):720-4.

Berguer R, Rab GT, Abu-Ghaida H, Alarcon A,
Chung J. A comparison of surgeons' posture during
laparoscopic and open surgical procedures. Surg
Endosc. 1997;11(2):139-42.

Wauben LS, van Veelen MA, Gossot D, Goossens
RH. Application of ergonomic guidelines during
minimally invasive surgery: a questionnaire survey
of 284 surgeons. Surgical Endo Other Interven
Tech. 2006;20(8):1268-74.

Byun YH, Lee JH, Park MK, Song JH, Min BH,
Chang DK et al. Procedure-related musculoskeletal
symptoms in gastrointestinal endoscopists in Korea.
World J Gastroenterol. 2008;14(27):4359-64.
Hansel SL, Crowell MD, Pardi DS, Bouras EP,
DiBaise JK. Prevalence and impact of
musculoskeletal injury among endoscopists: a
controlled pilot study. J Clin Gastroenterol.
2009;43(5):399-404.

Stomberg MW, Tronstad SE, Hedberg K, Bengtsson
J, Jonsson P, Johansen L et al. Work-related
musculoskeletal  disorders ~ when  performing
laparoscopic  surgery. Surg Laparosc Endosc
Percutan Tech. 2010;20(1):49-53.

Sari V, Nieboer TE, Vierhout ME, Stegeman DF,
Kluivers KB. The operation room as a hostile
environment for surgeons: physical complaints
during and after laparoscopy. Minim Invasive Ther
Allied Technol. 2010;19(2):105-9.

Kuwabara T1, Urabe Y, Hiyama T, Tanaka S,
Shimomura T, Oko S et al. Prevalence and impact
of musculoskeletal pain in Japanese gastrointestinal
endoscopists: a controlled study. World J
Gastroenterol. 2011;17(11):1488-93.

Desai FA, Ellapen TJ, Van Heerden HJ. The point
prevalence of work-related musculoskeletal pain
among general surgeons in KwaZulu-Natal, South
Africa. J Ergonom Soc South Africa. 2012;24(2):18.
Modi YS, Kuswaha MR, Dave SP. Awareness of
Ergonomic  Guidelines regarding laparoscopic
surgeries, its practice among Surgeons and Comfort
level during and after surgery. Guj Med J.
2013;68(2):31-4.

Dabholkar, T., Yardi, S., Dabholkar, Y. G., &
Khanvilkar, A. Work related musculoskeletal
disorders in surgeons performing minimal invasive
procedures in Mumbai & Navi Mumbai India. Intern
J Health Sci Res. 2015;5(8):347-55.

Kim-Fine S, Woolley SM, Weaver AL, Killian JM,
Gebhart JB. Work-related musculoskeletal disorders

International Surgery Journal | July-September 2016 | Vol 3 | Issue 3  Page 1033



25.

26.

27.

28.

29.

30.

31.

32.

33.

Dabholkar TY et al. Int Surg J. 2016 Aug;3(3):1028-1034

among vaginal surgeons.
2013;24(7):1191-200.
Franasiak J, Ko EM, Kidd J, Secord AA, Bell M,
Boggess JF et al. Physical strain and urgent need for
ergonomic training among gynecologic oncologists
who perform minimally invasive surgery. Gynecol
Oncol. 2012;126(3):437-42.

Gofrit ON, Mikahail AA, Zorn KC, Zagaja GP,
Steinberg GD, Shalhav AL. Surgeons’ perceptions
and injuries during and after urologic laparoscopic
surgery. Urol. 2008;71(3):404-7.

Barbar-Craig H, Banfield G, Knight J. Prevalence of
back and neck pain amongst ENT consultants:
national survey. J Laryngol Otol. 2003;117(12):979-
82.

Cavanagh J, Brake M, Kearns D, Hong P. Work
environment discomfort and injury: an ergonomic
survey study of the American Society of Pediatric
Otolaryngology members. Am J Otolaryngol.
2012;33(4):441-6.

Amin M, Rimmer J, Swift A, White P, Lund VJ.
FESS, fingers and other things-you are not alone!
Rhinology. 2015;53(2):116-21.

Dabholkar T, Yardi S, Dabholkar YG, Narayan A.
Prevalence of Work related musculoskeletal
problems in ophthalmologists practicing in Navi
Mumbai and Mumbai. Int J Med Res Prof.
2015;1(3):80-4.

Sivak-Callcott JA, Diaz SR, Ducatman AM, Rosen
CL, Nimbarte AD, Sedgeman JA. A survey study of
occupational pain and injury in ophthalmic plastic
surgeons.  Ophthal  Plast  Reconstr  Surg.
2011;27(1):28-32.

Dhimitri KC, McGwin G Jr, McNeal SF, Lee P,

Intern Urogynecol J.

Morse PA, Patterson M. Symptoms of
musculoskeletal disorders in  ophthalmologists.
American journal of ophthalmology.

2005;139(1):179-81.
van Veelen MA, Nederlof EA, Goossens RH, Schot
CJ, Jakimowicz JJ. Ergonomic  problems
encountered by the medical team related to products
used for minimally invasive surgery. Surg Endosc.
2003;17(7):1077-81.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Liang B, Qi L, Yang J, Cao Z, Zu X, Liu L.
Ergonomic Status of Laparoscopic Urologic
Surgery: Survey Results from 241 Urologic
Surgeons in China. PloS one. 2013;8(7):e70423.
Lucas-Hernandez M1, Pagador JB, Pérez-Duarte FJ,
Castellé P, Sanchez-Margallo FM. Ergonomics
problems due to the use and design of dissector and
needle holder: a survey in minimally invasive
surgery. Surg Laparosc Endosc Percutan Tech.
2014;24(5):e170-7.

Hemal AK, Srinivas M, Charles AR. Ergonomic
problems associated with laparoscopy. J Endourol.
2001;15(5):499-503.

Frymoyer JW, Pope MH, Clements JH, Wilder DG,
MacPherson B, Ashikaga T. Risk factors in low
back pain. An epidemiological survey. J Bone Joint
Surg. 1983;65(2):213-8.

Arrighi HM, Hertz-Picciotto 1. The evolving
concept of the healthy worker survivor effect.
Epidemiology. 1994;5(2):189-96.

Turville KL, Psihogios JP, Ulmer TR, Mirka GA.
The effects of video display terminal height on the
operator: A comparison of the 15 degree and 40
degree recommendations. Appl Ergon.
1998;29(4):239-46.

Jaschinski-Kruza W. Eyestrain in VDU users:
viewing distance and the resting position of ocular
muscles. Hum Factors. 1991;33(1):69-83.
Jaschinski W, Heuer H, Kylian H. Preferred position
of visual displays relative to the eyes: A field study
of visual strain and individual differences.
Ergonomics. 1998;41(7):1034-49.

Gawande AA, Zinner MJ, Studdert DM, Brennan
TA. Analysis of errors reported by surgeons at three
teaching hospitals. Surgery. 2003;133(6):614-21.
Shanafelt TD, Balch CM, Bechamps G, Russell T,
Dyrbye L, Satele D et al. Burnout and medical
errors among American surgeons. Ann Surg.
2010;251(6):995-1000.

Cite this article as: Dabholkar TY, Yardi SS,
Dabholkar YG. Prevalence of work-related
musculoskeletal symptoms in surgeons performing
minimally invasive surgery: a review of literature.
Int Surg J 2016;3:1028-34.

International Surgery Journal | July-September 2016 | Vol 3 | Issue 3  Page 1034




