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Abstract. Practice in dentistry requires high degree
of attention and precision during work related tasks.
Awkward standing postures and sitting positions,
repetitious hand and wrist movements, as well as
mechanical vibrations originating from high-speed
instruments can lead to development of
musculoskeletal disorders. The objective of this
paper is to assess suitability of application of near
infrared spectroscopy as a method for evaluation of
musculoskeletal disorders in dentists.
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INTRODUCTION

Many dentists work frequently in static,
uncomfortable positions during the therapy of
patients. It is necessary to indicate that these
continuous positions during the time can lead to the
pain, injury, or, in severe cases, to the
musculoskeletal disorders, disability or premature
pensioning. The adequate ergonomic design of
equipment is important, in order of prevention of
repetitive strain injuries and other musculoskeletal
disorders.

Musculoskeletal disorders (MSD) are generally
recognized as one of the most prevalent workplace
injuries while health organizations around the world
spend billions of dollars every year on this
occupational health problem [1]. Work-related MSD
frequently occur as a consequence of cumulative
trauma and can influence the bones, muscles with
their attachments, as well as the blood supply and
nerves [2]. A significant number of research has
identified that dental workers are at an increased risk
of appearance of MSD, with reported prevalence
rates between 64% and 93%, which negatively
affects efficiency and lead to reduction in overall job
satisfaction [3-5].

MSD are not an inevitable part of a dentistry
profession. Paying the attention to the symptoms,
identifying the occupational risk factors related to
the MSD, as well as implementing of adequate
health and safety measures can guarantee a long and
healthy working career. In connection with the
aforementioned, it is necessary to identify all
relevant physiological responses in a human body, in
order to provide proper ergonomic solutions for the
special needs related to the dentistry practice.

Figure 1 shows a modified model of the relationship
between mechanical exposure and health effects,
based on the model proposed by Westgaard and
Winkel [6]. According to the modified model,
internal musculoskeletal load results in physiological
and psychological responses covering a wide variety
of effects at the system, on the level of muscles,
organs, as well as on the cellular level. Such
responses may include short-term development of
fatigue, discomfort or pain and, on a longer time
scale the health effects. The relationships between
external mechanical exposure and internal
biomechanical load, and between mechanical
exposure and body responses were examined in
laboratory studies.

Dentists during their tasks could be exposed to
significant loads in the regions of the hand, forearm,
upper arm, shoulder region, neck and back and
lower extremities. From the posture and the way the
dentists perform their tasks depend in which part of
the body the fatigue will be primarily manifested, as
well as the locations where MSDs could be
developed over time. Although the aetiology of
fatigue is not yet well understood, the general
understanding is that muscular work produces
inordinate increases in intramuscular pressure,
therefore impairing local tissue perfusion causing
fatigue and ischemia.
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Figure 1. Model of relationship between external
mechanical exposure and musculoskeletal
health effects (adaptation based on [6])

Low force muscle contractions lead to the impaired
oxidative metabolism, thus generating the muscle
fatigue, which may be a predecessor for the
appearance of muscle disorders [7]. Muscle
oxygenation changes throughout of upper extremity
work  could provide  comprehension  of
pathophysiological mechanisms that are connected
with work-related muscle fatigue and disorders.

This paper puts an accent on applications of near
infrared spectroscopy as a method of assessing
parameters of exposure on the internal level, and
proposes a new approach, not reported in the
literature, with the potential for detection and
monitoring of extensive number of parameters
related to muscles functioning which could provide
better insight into evaluation of the musculoskeletal
disorders.

APPLICATION OF NIRS FOR ASSESSMENT
OF MUSCOSKELETAL DISORDERS

Changes in musculoskeletal system can be detected
using various methods. Measurement of forces,
study of movements, subjective responses and
electromyography measurements are frequently used
to investigate musculoskeletal work-related risk
factors. However, in vivo evaluations of local
metabolism and hemodynamic are difficult,
especially in the workplace. One of the methods that
could potentially be used for this purpose is near
infrared spectroscopy (NIRS). With the development
of portable non-invasive optical instrumentation for
measurement of the blood volume and local muscle
oxygenation, studying muscle physiology as a

function of ergonomic risk factors is becoming more
evident.

Light manual jobs with elevated arms, which are
characteristic for a work of a dentist, influence the
blood flow and local tissue oxygenation of working
muscle. Further, work with a monotonous or
repetitive muscle activity pattern is associated with a
higher risk of low back and upper extremity disorder
development. There is certain evidence that signals
obtained on the basis of the near-infrared
spectroscopy can be used to evaluate oxidative
metabolism in muscles during the work. Since this
method is used in ergonomics for only short period
of time, it is necessary to examine in what extent it
can be used in the studies of work in dentistry
practice from ergonomic aspect. Considering that
different parts of the body during dentistry tasks
may be exposed to different types of stresses (static,
repetitive, long term), it is necessary to examine
whether the NIRS method can be successfully
applied to said body regions.

Near infrared spectroscopy is a non-invasive
method, which uses the near-infrared part of the
electromagnetic spectrum (680-2500 nm). In the
near-infrared part of the electromagnetic spectrum,
oxygenated blood is absorbed at 800 nm, whilst at
760 nm it is mostly absorbed by deoxygenated
haemoglobin (Figure2). During a muscle action, the
intramuscular pressure reduces the blood flow
making a decrease in blood volume and oxygenation
of tissues. NIRS can be succesfully used as a
measure of changes in oxygenation in muscles
during contraction, revealing variations in the level
of oxygenation by giving information about the
levels of deoxygenated and  oxygenated
haemoglobin, local blood circulation, as well as in
the blood volume in muscles during work [8].
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Figure 2. Absorption spectra for major human tissue
chromophores: oxygenated haemoglobin (HbO,),
deoxygenated haemoglobin (Hb), melanin, and water
(H,0) over wavelengths in NIR range.

By using this technique, tissue oxygenation can be
measured in the area of tissues in a working
physiological setting, which improves specificity
and has clear advantages as compared to other
methods [9]. Near infrared spectroscopy has been
increasingly used for discovering the relationship
between fatigue development and the lack of oxygen



[10]. Additionally, NIRS is a sensitive tool which
can be used to discriminate pathological and normal
states [11]. Thus, NIRS has a diagnostic role in
assessing the presence and scope of both metabolic
and circulatory irregularities as well.

Earliest reports on NIRS as diagnostic applications
date from 1977 [12]. Ozaki et al. later examined
venal blood to determine the level of
deoxyhemoglobin on the back of a hand [13]. Sowa
and co-workers used NIRS imaging as a non-
invasive technique to discover the effects of
restricted blood flow and ischemia [14]. Mancini et
al. used NIRS for estimation of skeletal muscle
oxygenation by using differential absorption
properties of haemoglobin [15]. Ischemia in the
forearm was studied by Mansfield et al. in 1997
[16]. Reduced blood flow [17] or decreased muscle
oxygen availability [18] have been associated with
fatigue. It has been suggested that impaired blood
flow and reduced muscle tissue oxygenation during
continuous repetitive work contribute to the
development of work-related MSD [19, 20].

It has been shown that low-force static muscle
contractions [21] such as computer mouse work [22]
can produce a decrease in local tissue oxygenation.
Subjects that experienced great tension and fatigue
showed a significant drop in forearm oxygenation
when time pressure and accuracy were imposed on
the work to be performed [22]. NIRS was
successfully used in the assessment of haemoglobin
kinetics and tissue oxygenation in the shoulder
muscles [30]. Lin and co-workers have successfully
used the NIRS to assess the effect of various
work/rest ratios on oxygenation and blood volume in
forearm flexor and extensor muscles during
repetitive handheld power tool operations [31].
Crenshaw and associates demonstrate NIRS
sensitivity in the assessment muscle contractile
characteristics, oxygenation and hemodynamics of
the finger flexors during a VDT mouse point and
click task [32]. However, the NIRS results over the
right lumbar erector spinae were not remarkably
altered over time, and exhibited poor relationships
with the perceived low back discomfort records for
standing and seated exposures [33].

Possibilities of applications of aquaphotomics in
the frame of NIRS

Beyond the state of art in NIRS of muscle fatigue,
there is one novel framework which utilizes a part of
near infrared spectra not previously known to be
useful - the region of the 1% overtone of water.
Variations in spectra caused by water are often
regarded as a nuisance in vibrational spectroscopy.
However, this new approach, called Aquaphotomics
[23] utilizes exactly this region. Variations in water
spectral pattern have been discovered systematically
as a result of various changes (concentrations of
solutes, concentrations of molecules which don’t
even absorb light in the NIR range such as metals

etc., temperature, light illumination etc.). These
findings lead to conclusion that water spectral
pattern can be used to extract information on the
sources of changes [23]. Aquaphotomics has been
successfully used in various diagnostic applications
[24-29].

We can conclude that Aquaphotomics has the
potential for simultaneous measurements and
monitoring of many physiological parameters related
to muscle fatigue. It is thus worthwhile to focus
research efforts in this direction.

CONCLUSION

This study has shown that NIRS method can be used
for the assessment of work load in dentists. The
method has disadvantage in the assessment of static
work load for sedentary and standing positions in the
connection of the region of lower back. However, in
all other mentioned cases this method shows high
potential for application for the purposes of
assessment of MSDs in dentists.

Besides, this study has shown that Aquaphotomics
approach also has the potential of application in the
framework of NIRS method. However, this
approach requires extensive laboratory research for
the purposes of obtaining novel information in
connection with the possibility of detection of
muscle fatigue and MSDs.
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