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MUSCULOSKELETAL OCCUPATIONAL HAZARDS IN TWO

CHALLENGING WORKING ENVIRONMENTS.

A CASE STUDY FROM MINING INDUSTRY AND HEALTH CARE

Summary. The comparative study of working conditions in areas of mining

industry and health care services in the area of MSDs is presented in the paper. The
examined working environments are considered as demanding in terms of working
organization as well as technical, communication and environmental aspects. Such
circumstances need to use of specific rules and requirements for maintaining work
safety of MSDs. Taking this as a background, a classification of the factors was
defined in selected fields in order to make it possible to extract the similar
assessment criteria. These were used to analyze the problem areas in terms of
working conditions which influence on prevalence of MSDs. The analysis
outcomes are the basis for seeking universal methods and tools supporting work
safety assessment among mining workers and medical staff. As a case study, the
working activities of mining excavations staff and surgical team members
performing surgeries in an operating room were considered.

Keywords: MSDs, occupational risk, miners, surgeons, body posture, ergonomics.
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ZAGROZENIA W UKLADZIE MIESNIOWO-SZKIELETOWYM
PRACOWNIKOW DWOCH WYMAGAJACYCH SRODOWISK PRACY.
STUDIUM PRZYPADKU Z OBSZAROW GORNICTWA WEGLA
KAMIENNEGO I OCHRONY ZDROWIA

Streszczenie. W artykule zaprezentowano studia poréwnawcze, dotyczace
warunkow pracy w dwoch srodowiskach: w gornictwie wegla kamiennego oraz
w ochronie zdrowia. Srodowiska poddane analizie nacechowane sa wysokim
stopniem ryzyka zawodowego, zwigzanego z wystepowaniem schorzen w uktadzie
migsniowo-szkieletowym. Tak zarysowane tto badan stanowito podstawe do
identyfikacji gléwnych probleméw w zakresie ergonomii i pozycji ciata, a takze
okreslenie mozliwych przyczyn i skutkow wystepowania obcigzen posturalnych.
Podstawg badan bylo dokonanie analizy poréwnawczej czynnikoéw technicznych
1 organizacyjnych ksztaltujacych warunki pracy na stanowiskach gornika dotowego
1 chirurga laparoskopowego. Uzyskane wyniki badan, wydawa¢ by si¢ moglo
w skrajnie réznych obszarach problemowych, daja podstaw¢ do poszukiwania
uniwersalnych metod 1 narzedzi wspomagajacych ocene zagrozen zdrowotnych.

Stowa kluczowe: uklad migéniowo-szkieletowy, ryzyko zawodowe, gornik,
chirurg, pozycja ciala, ergonomia.

1. Introduction

The background for the research is based on many years of experience in the area of
conducting ergonomics studies in both mining industry and health care. Working conditions in
these specific environments are a cause of many adverse effects for employees. They are
differentiated health risks, the results of which may be occupational or para-occupational
diseases and in particular musculoskeletal disorders (MSDs). The problem of MSDs among
medical staff and miners is particularly related to static overburden of their locomotor system.
It is because of:

— specific working space conditions which is limited and isolated,

— demanding working environment, as regards Occupational Health and Safety

regulations,

— the necessity of using protective clothing etc.

Often, these conditions determine nonphysiological and awkward body position of workers.

For instance there were recognized the epidemiological MSDs image of 1130 miners in one
of Silesia coal mine. A half of them (514 miners) indicated MSDs symptoms, mainly low back
pain (LBP). The structure of MSDs among the analyzed group of miners is presented in the
Figure 1.
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Fig. 1. The structure of MSDs among miners
Rys. 1. Rodzaje MSD wystepujace u gornikow

Source: Own elaboration.

The characteristic outcome of the study was that miners working without external loads

suffer from the same disorders. Seemingly light operations, especially with a high degree of

frequency, performed in awkward body position, can lead to accumulation of locomotor

burdens, and in consequence to chronic MSDs. Particularly this applies to machine operating

like mobile roof supports, locomotives or shearer loaders.

In hospitals the ergonomics deficiencies are similar. The awkward positions are especially

recognized among minimal invasive surgeons, what is confirmed by own study on MSDs

among laparoscopic surgeons. Particularly the ergonomic problems relating surgeons’ burden is

presented in the Figure 2.
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Fig. 2. The structure of MSDs ergonomic problems among laparoscopic surgeons
Rys. 2. Rodzaje dyskomfortu zwigzanego z MSD u chirurgéw laparoskopowych

Source: Own elaboration.
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The literature of ergonomics in laparoscopic surgeries highlights the problem of static
burden of surgeons. This problem refers to nonphysiological body position during surgeries
with less amount of back movements and less range of motions [1]. The characteristic features
are also uncomfortable, repeatedly movements of upper limbs and long-term static posture of
the head and back [2]. In most cases surgeons are in standing position while performing
laparoscopic operations and there is a risk of loss of stability. Indeed, they have the limited
capacity for body load moving by themselves. They must act with high manually precision
often standing on one leg and using feet to operate the pedals of laparoscopic devices [1, 3, 4].
In addition the design of laparoscopic tools and the ways of using them determine untypical
positions of arms, hands and fingers [5].

All these factors relating to the body position of laparoscopic surgeon can take the form of
health risks, especially for musculoskeletal system, which include (a) the awkward and
uncomfortable postures in which the operations are done by a long period of time, (b) the
repeatability of operations. The literature draws attention to the consequences of the occurrence
of such risks, including musculoskeletal system burdens [6, 7, 8, 9], the neuromusculoskeletal
disorders [10]; discomfort and paresthesia of hands and formation within them injuries and
nerve irritation [5, 11].

The compilation of knowledge on the risks while performing work operations by miners
and surgeons allows the authors for defining the common problem areas concerning body

posture ergonomics and adopt similar research methodology for examine working conditions.

2. The objective, material and methods

The aim of the research was to conduct ergonomic assessment and compare the impact of
ergonomic factors shaping the working postures at selected work stations in the mining
industry and health care.

The object of the study were:

— machine operator and installation of harrow conveyer sections located in selected coal

mine,

— surgeon performing laparoscopic surgery in selected hospital.

The examined objects are located in Silesia region in Poland.

There were defined research assumptions which were the selection of criteria for
performing comparative analysis:

1) the criteria relating to the employee: (1a) sex — male, (1b) dominant position — standing,

2) the criteria relating to the working conditions: (2a) work organization — limited work

space, the need for protective clothing, (2b) equipment — using the tools or operating
machinery, (2c) external load — from 0 to 5 kg.
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The research methodology was divided into 3 main stages:

S1. The acquisition of research material.
S2. The collection and processing of research data.
S3. The ergonomic assessment and outcomes analysis.

The acquisition of research material was done by following methods: an interviews with
the experts in the field of the specific working conditions in mining industry and health care
and examination of work stations based on assumed research criteria, than the selection of the
position for ergonomic analysis. In addition the aim of the interviews was to acquire knowledge
about the specific conditions for research with the use of observation methods and photo
registrations of the specificities of the work environment. According to the interview outcomes
there were performed observations and photo registrations of selected working processes in
coal-mine and operating room.

The collection and processing research data was performed with the use of two computer
tools:

1. 3DSSPP (Three Dimensional Static Strength Prediction Program) [12] based on photo
registrations. 3D SSPP which enables human body modeling based on recorded
worker’s body position. The human body model is a pattern of momentary body
position which is defined by certain body segment angles (Fig. 3).

2. REBA method for MSDs and risk assessment. REBA method was developed by
Dr. Sue Hignett and Dr. Lynn McAtamney, ergonomists from University of Nottingham
in England. REBA is a postural targeting method for estimating the risks of work-
related entire body disorders. A REBA assessment gives a quick and systematic
assessment of the complete body postural risks to a worker. For each region, there is
a posture scoring scale plus adjustment notes for additional considerations [13] (Fig. 4).

Additionally the research was complimented by simulation analysis of MSDs ergonomic
assessment incorporating different variants of the external load for coal-mine work stations.
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The Figure 4 presents the location of these body segments angles which are the input data
for REBA method.
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Fig. 4. The graphical interpretation of REBA method
Rys. 4. Graficzna interpretacja metody REBA
Source: Own elaboration.

Interpretation of REBA risk assessment result is presented in the Table 1.

Table 1
Interpretation of risk assessment result
SCORE RISK
1 Negligible risk
2o0r3 Low risk, change may be needed
4107 Medium risk, further investigation, change soon
8to 10 High risk, investigate and implement change
11 or more Very high risk, implement change

Source: [14]

3. Research outcomes and discussion

There were selected four different body postures per each environment from the research
material. The selected activities were indicated by two similar factors:
—  One or more body parts were held for longer than 1 minute.

—  There were characterized by small range actions more than 4 times per minute.
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Table 2 presents the hybrid photo developed with the use of 3D SSPP as well as main data

defining body postures and risk score in REBA.

Table 2

Body posture ergonomic assessment
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Source: Own elaboration.

The primary assumption of the research for this paper was to investigate the possibility of
using similar observational methods and tools for risk assessment in both: working
environments of miner and surgeon. The reasons for the examination of these so different
working activities were the results of the previous study of authors conducted in the field of
ergonomics and work organization. The previous analysis conducted separately in the mining
industry and health care showed similar difficulties in the research methodology and analysis
process. On this basis, the classification of problem areas in three domains: organizational,
technical and environmental, was made. The examples of this are: difficulties in obtaining the
research material due to the high degree of working processes complexity, the limited work
spaces, the high safety and sanitary requirements, poor work lighting etc.

Therefore, in order to make a comparative analysis of working environment for miner and
surgeon, there was assumed that the basis for the ergonomic evaluation of static burden is body
position and activities without any additional external loads. The analysis showed that in seven
(F1, F3, F4, F5, F6, F7, F8) out of eight surveyed cases, the risk of MSDs is on high or very
high level. At this point it should be paid attention to the fact that on each of these seven
positions the dominated posture is deep flexion of the trunk and further trunk and neck
rotations. However, the higher scores for surgeon is the result of additional extreme wrists
positions caused by the construction of laparoscopic tools.

Next, the analysis showed that one case of the mining area (F2) has a medium risk. The
position is determined only by reduced height of excavation, and is not enforced by the manual
operations or design of the tool.

The research outcomes, indicating that, by exclusion of external load, surgeons have higher
risk score than miners, encouraged the authors to take additional complementary analysis. For
this purpose there were carried out simulation studies for each of the four miners’ activities (F1,
F2, F3, F4), this time taking into account additional external load of 5 to 10 kg and over 10 kg.

The outcomes of risk scores for new assumptions are presented in the Table 3.
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Table 3
Risk assessment result for miners including external load
Miners’ activities Score for load 5 to 10 kg Score for load over 10 kg
F1 11 12
F2 10 11
F3 11 12
F4 12 13

Source: Own elaboration.

Inclusion of an additional variable that is external load clearly showed a radical increasing
risk score in the group of miners even at 4 scores. The example is the analysis of the working
position the miner designated as F2. In the previous analysis, which does not take into account
external load there was classified the risk of this position as a category at the medium level
while taking into account the additional load the risk can be defined as high or very high.

It should be highlighted that the mining industry is more dynamic as regards the use of
external loads and hence contains more variables for body postures assessment outcomes.

The important is the fact that in this type of research it should be analyzed the most critical
factors affecting the working conditions. In the study, where only body position is taken into
account, could distort the real picture of occupational risk.

On the other hand, the activities carried out without external load in other environments
than mining, like laparoscopic surgeons’ environment, also can demonstrate the same extreme
values of occupational risk. The factor that determines the result is a criterion of the
environment e.g. a limited working space or a technical criterion like the design of surgical
instruments. As has been proven in the primary analysis of this article, these criteria cause
extreme body positions especially in hands and neck.

Conducting ergonomic analysis on workplaces in the so-called specific and limited working
conditions requires the inclusion in the work process and the analyzed working environments
tools and machines since they determine the employee’ body position. In contrast, the
frequency of operations with the use of machinery and equipment resources, directly affects the
incidence of MSDs, which is confirmed by this study.

Regarding the methodology presented in this paper with its relation to studies conducting in
different countries and demonstrated within the world literature it can be stated that the
methods for ergonomic assessment are mostly classical and are based on observational
procedures like OWAS, RULA or REBA. The popularity of them results from their universal
states and the utility in many different occupational groups. More sophisticated ergonomic
methods including motion capture technology are present in research conducted in laboratory
conditions. In this paper these observational methods were used due to their universality and in
the same time were integrated with computer and more advanced tool i.e. 3D SSPP.

With reference to the MSDs issues in coal mine workers there was noted little research,
inter alia described in [15, 16, 17, 18, 19]. Simultaneously, there are no studies in library

databases that take into account the research aim of this paper.
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4. Conclusion

There were recognized typical body postures of miners and laparoscopic surgeons in the
study. All of investigated postures (apart of one case among miners workstations) were scored
as high or very high risk of MSDs what requires the necessity of changes in workstations.

The dominance of very high risk of surgeon is caused by the need of using precision
surgical tools and operating with a high manual precision what determines additionally the
twisted and bending positions of surgeon’s neck, trunk and wrists.

The risk of miners MSDs is emphasized by the high degree of operations frequency and the
use of external loads. However an assumption of the research was to analyze tasks with
external loads 0 to 5 kg for creating common basis for research it two different environments.

The preliminary research proves that so different work (mental work and physical work)
can be investigated with the use of similar tools. There are also indicated the similar
organizational problems of doing research, e.g. acquisition the material, due to the specificity

and limitations of the tested environments.

Bibliography

1. Berguer R. Rab G.T., Abu-Ghaida H., Alarcon A., Chung J.A.: A comparison of surgeons’
posture during laparoscopic and open surgical procedures. Surg Endosc Vol. 11, 1997,
p. 139-142.

2. Borycka-Kiciak K., Janaszek L., Kiciak A., Tarnowski W.: Laparoskopia w chirurgii
nieswoistych chorob zapalnych jelit. Postepy Nauk Medycznych, nr 1/2011, s. 49-56.

3. Nguyen N.T., Ho H.S., Smith W.D., Philipps C., Lewis C., De Vera R.M.., Berguer R.: An
ergonomic evaluation of surgeons’ axial skeletal and upper extremity movements during
laparoscopic and open surgery. The American Journal of Surgery Vol. 182, 2001,
p. 720-724.

4. Gofrit O.N., Mikahail A.A., Zorn K.C., Zagaja G.P., Steinberg G.D., Shalhav A.L.:
Surgeons’ Perceptions and Injuries During and After Urologic Laparoscopic Surgery.
Urology 2008, Vol. 71 (3), p. 404-407.

5. Matern U., Eichenlaub M., Waller P., Ruckauer K.: MIS instruments. An experimental
comparison of various ergonomic handles and their design. Surg Endosc 1999; Vol. 13,
p. 756-62.

6. Babar-Craig H., Banfield G., Knight J.: Prevalence of back and neck pain amongst ENT
consultants: national survey. J Laryngol Otol. 2003, Vol. 17, p. 979-982.



192 J. Bartnicka, D. Giza, A. Zi¢tkiewicz, G. Kowalski

7. 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.: Work-related upper limb
musculoskeletal disorders in paediatric laparoscopic surgery. A multicenter survey,
J Pediatr Surg: 2013, Vol. 48(8), p. 1750-1756.

8. Morandeira-Rivas A., Millan-Casas L., Moreno-Sanz C., Herrero-Bogajo M.L., Tenias-
Burillo J.M., Giménez-Salillas L.: Ergonomics in laparoendoscopic single-site surgery:
survey results. J Gastrointest Surg 2012, Vol. 16(11), p. 2151-2159.

9. Szeto G.P.Y., Ho P., Ting A.C.W., Poon J.T.C., Tsang R.C.C., Cheng S.W.K.: A study of
surgeons’ postural muscle activity during open, laparoscopic, and endovascular surgery.
Surg Endosc 2010, Vol. 24, p. 1712-1721.

10. Reyes D.A.G., Tang B., Cuschieri A.: Minimal access surgery (MAS)-related surgeon
morbidity syndromes. Surg Endosc 2006; 20(1), p. 1-13.

11. Berguer R.: Surgical technology and the ergonomics of laparoscopic instruments. Surg
Endosc 1998; 12, p. 458-462.

12. 3D Static Strength Prediction Program. User Manual, The University of Michigan Center
for Ergonomics, 2012.

13. Hignett S., McAtamney L.: Rapid Entire Body Assessment (REBA), [in:] Applied
Ergonomics, 31 (2000), p. 201-205.

14. www.fbfsistemas.com/ergonomics.html

15. Legge J., Burgess-Limerick R., Peeters G.: Pre-employment functional capacity
assessments predict musculoskeletal injury risk in healthy male coal mine workers. WCPT
Congress 2015/Physiotherapy 2015; 101 supplement 1, p. 855.

16. Torma-Krajewski J., Steiner L., Lewis P., Gust P., Johnson K.: Implementation of an
ergonomics at a US surface coal mine. International Journal of Industrial Ergonomics 2007,
Vol. 37, p. 157-167.

17. Moore S., Pollard J., Nelson M.: Task-specific postures in low-seam underground coal
mining. International Journal of Industrial Ergonomics 2012, Vol. 42, p. 241-248.

18. Eger T., Stevenson J., Callaghan J., Grenier S.: VibRG. Predictions of health risk associated
with the operation of load-haul-dump mining vehicles. Part 2 — Evaluation of operator
driving postures and associated postural loading. International Journal of Industrial
Ergonomics 2008, Vol. 38, p. 801-815.

19. Interaction between physical and psychosocial work risk for low back symptoms and its
consequences amongst Indonesian coal mining workers. Applied Ergonomics 2015,
Vol. 46, p. 158-167.



Musculoskeletal occupational hazards in two... 193

Omowienie

W artykule przedstawiono wyniki wstepnych badan nad tworzeniem i1 wykorzystaniem
podobnej metodologii oceny postawy ciata w skrajnie roznych warunkach pracy,
tj. w gornictwie i opiece zdrowotnej. Wskazano podobienstwa i rdéznice dotyczace powodow
niewygodnych pozycji pracy i oceny ryzyka. Analogicznym czynnikiem powodujagcym MSD
w obu $rodowiskach jest ograniczona przestrzen robocza. W przeciwienstwie do gornikow,
w pracy chirurgdw nie istnieje zadne obcigzenie zewnetrzne sterowane przez chirurga. Jednak
wynik zagrozenia dla gérnikow wykonujacych pracg z obcigzen zewngtrznych i chirurgow jest
podobny i na bardzo wysokim poziomie.
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