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 The recent conclusion of the Sixth Decade 
of the Mind (DOM) Symposium in Singapore 
presents a welcome opportunity to laud the 
accomplishments to date and to chart the course 
ahead for the DOM Project, now in its third year 
of planning. The DOM initiative arose out of a 
conference convened by the Krasnow Institute for 
Advanced Study at George Mason University in 
May 2007. The meeting brought together science 
leaders across an array of disciplines, spanning 
robotics to neuroscience, with the stated goal 
of gaining US government support for research 
aimed at explaining how mind and behavior arise 
from the activity of human and animal brains. 
A further goal of the original 2007 meeting was 
to prepare a manifesto in support of the Project, 
which might be published in a high-impact 
journal.
 The initial May conference was successful 
and the resultant manifesto was published in 
Science (1). The Manifesto was essentially a road 
map for the project that had the aim of catching 
the imagination of US decision-makers, scientists, 
and the lay public. The key message was that 
the science in a constellation of disciplines had 
matured to the point where, given sustained 
new US research and development support, 
decoding how mind emerges from brain would be 
practicable.
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 In October 2007, a second, much smaller 
conference was held at George Mason University. 
At this second conference, high-level US civil 
servant decision-makers were asked to respond 
to the Manifesto. Multiple US agencies were 
represented, including the National Institutes 
of Health, the National Science Foundation, and 
the Department of Defense. What emerged at the 
second conference was the notion of different 
agencies pulling off different pieces of the overall 
DOM project in accordance with their specific 
missions.
 The third DOM meeting was designed to 
build support for the project at the grassroots 
level, in the American heartland, during the 
general election campaign of 2008. Hence, DOM 
III (as the meetings began to be named) was 
held in Des Moines, Iowa, on the campus of the 
Great Apes Trust, and it focused on animal mind, 
especially the minds of the primates, such as the 
orangutans and bonobos. The meeting was a great 
success and attracted the attention of both local 
and national media.
 Just after the election of President Obama, 
DOM IV was held in Tamaya, New Mexico. 
This meeting was organized by Sandia National 
Laboratories and the US Department of Energy. In 
contrast to the previous DOM conferences, DOM 
IV focused on reverse-engineering the human 
brain to facilitate the development of advanced 
artifacts and applications, such as robots. It was at 
the DOM IV conference that the first beginnings 
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Abstract
 the international Decade of the Mind Project seeks to harness science across multiple 
disciplines to discover how human “mind” emerges from the biological activity of human brains. 
Given the complexity of the human brain, with approximately 1011 neurons each with 104 connections, 
the effort will be daunting and require resources and expertise from many nations. the Decade of 
the Mind Project began as a United States initiative in 2007 and expanded to europe in 2009 and 
then Asia in 2010. Here we advocate for a team-based approach to the Decade of the Mind initiative, 
where each nation contributes to the overall scientific effort with its own indigenous scientific 
expertise.

Keywords: brain research, cognition, conferences, mental processes, Asia
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of internationalization began. Representatives 
of the government of Singapore attended DOM 
IV, and a paper was published in Europe urging 
that the DOM Project take place across the entire 
globe (2).
 As a result of the international interest, DOM 
V was held in Berlin, Germany, in September 2009. 
The intellectual centerpiece of this conference was 
on how a DOM project might impact education. 
Conferees reported on studies at the intersection 
of neuroscience and education, with the notion 
that one of the key benefits of the Project might 
be in the area of improved educational outcomes, 
particularly in the areas of science, technology, 
engineering, and mathematics. The DOM V 
conference was organized by Professor Manfred 
Spitzer from the University of Ulm, Germany.
 The most recent conference in Singapore was 
organized by the Singapore Ministry of Defense in 
collaboration with several other organizations. As 
with the New Mexico meeting (DOM IV), the focus 
was on taking what we can learn from human 
minds and applying that knowledge, both in 
machines and in augmented cognition for human 
beings. DOM VI was an extremely successful 
conference, both from the standpoint of the 
overall Project and from the science presented.
 All of the above begs the question: where 
do we go from here? The answer is complex. 
The global economic crisis has put in jeopardy 
the original goal of significant new US research 
and development investment. As the economic 
storm in the US abated, the European Union 
is now facing serious challenges to sovereign 
wealth and the Euro. Only Asia has continued to 
show a sustained economic growth, which might 
support the scale of resources necessary to crack 
the problem of mind (3). At the same time, the 
nations of North America and Europe continue 
to have critical mass in terms of academic 
centers, patents, and publications, which are also 
necessary to make progress.
 In the original idea for a DOM, one key notion 
was for different and diverse US agencies to pull 
out mission-appropriate pieces of the overall 
project as part of a “team” approach. Perhaps 
the proper evolution of this original idea is for 
different nations to apply their own expertise and 
indigenous resources towards the Problem—for 
an overall international “team” approach.
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Abstract
 Background: in spite of extensive research conducted to study how human brain works, 
little is known about a special function of the brain that stores and manipulates information—the 
working memory—and how noise influences this special ability. In this study, Functional magnetic 
resonance imaging (fMri) was used to investigate brain responses to arithmetic problems solved in 
noisy and quiet backgrounds. 
 Methods: eighteen healthy young males performed simple arithmetic operations of addition 
and subtraction with in-quiet and in-noise backgrounds. the MAtLAb-based Statistical Parametric 
Mapping (SPM8) was implemented on the fMri datasets to generate and analyse the activated brain 
regions. 
 Results: Group results showed that addition and subtraction operations evoked extended 
activation in the left inferior parietal lobe, left precentral gyrus, left superior parietal lobe, left 
supramarginal gyrus, and left middle temporal gyrus. this supported the hypothesis that the 
human brain relatively activates its left hemisphere more compared with the right hemisphere 
when solving arithmetic problems. the insula, middle cingulate cortex, and middle frontal gyrus, 
however, showed more extended right hemispheric activation, potentially due to the involvement of 
attention, executive processes, and working memory. For addition operations, there was extensive 
left hemispheric activation in the superior temporal gyrus, inferior frontal gyrus, and thalamus. 
in contrast, subtraction tasks evoked a greater activation of similar brain structures in the right 
hemisphere. For both addition and subtraction operations, the total number of activated voxels was 
higher for in-noise than in-quiet conditions. 
 Conclusion: These findings suggest that when arithmetic operations were delivered 
auditorily, the auditory, attention, and working memory functions were required to accomplish 
the executive processing of the mathematical calculation. the respective brain activation patterns 
appear to be modulated by the noisy background condition.

Keywords: brain mapping, fMRI, functional laterality, mathematics, memory and cognition, noise

Introduction
 
 Arithmetic is a branch of mathematics 
involving problem solving and processing of 
numbers, such as in addition and subtraction (1). 
Problem solving in mathematics incorporates 
various cognitive processes and strategies. Three 
mental operations (i.e., information storage, data 
organisation, and executive control) are necessary 
in solving arithmetic problems (2).
 Different brain regions are responsible 
for the different functions executed during 
arithmetic problem solving. Evidence from brain-

Original Article
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imaging studies indicates  that parietal lobe 
areas are central in calculating and processing of                                                                                
numbers (1,3), while frontal lobe areas are 
involved in recalling numerical knowledge and 
working memory (3,4).
 Working memory is a comprehensive 
function of the brain normally used in processing 
and storing information temporarily and is very 
important for many cognitive actions (5). Several 
functional imaging studies (6,7) found that the 
frontal lobe areas are activated in tasks involving 
executive function and working memory. It has 
been suggested that frontal lobe areas such as 

Brain Activation during Addition and 
Subtraction Tasks In-Noise and In-Quiet
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inferior frontal gyrus (IFG), superior frontal gyrus 
(SFG), and medial frontal gyrus support working 
memory demand during arithmetic operations 
(6–10). A previous study on the laterality of brain 
areas associated with arithmetic calculation (11) 
revealed greater activation in the right hemisphere 
IFG than in the left hemisphere. However, different 
modes of task presentation produce different 
hemispheric dominance in the frontal region. For 
example, visually presented tasks tend to produce 
bilateral frontal region activation (12), whereas 
tasks presented auditorily trigger a relatively 
larger activation in the right frontal regions (13). 
It has also been suggested that the laterality 
index (LI), which measures the hemispheric 
dominance of IFG, increases with task difficulty 
(11). Thus, a complex task is expected to produce 
a greater number of activated voxels in the left 
compared with the right hemisphere. Gruber et 
al. (14) and Fehr et  al. (12,13) demonstrated that 
bilateral frontal regions were differently involved 
during simple and complex arithmetic tasks in 
different operations (i.e., addition, subtraction, 
multiplication, and division), from which complex 
arithmetic tasks required working memory 
involvement, whereas simple tasks only required 
arithmetic facts retrieval (12). In addition to frontal 
lobe areas, parietal lobe areas are also important 
in mental calculation, specifically for representing 
and manipulating quantitative information (4). 
Number processing and calculation have been 
shown to activate the inferior parietal lobe regions, 
including intraparietal sulcus (IPS), angular gyrus 
(AG), and supramarginal gyrus (SMG) (4). These 
areas are involved in addition, subtraction, and 
multiplication tasks (4). The LI of the inferior 
parietal lobule decreases with increasing task 
difficulty (11). It is also important to note that the 
inferior parietal cortex is the region specifically 
activated in response to increasing arithmetic 
complexity (10,11). In relation to that, SMG has 
also been identified as the region that deals with 
calculation difficulty (4,10), such as listening to 
spoken words in a noisy background.
 However, knowledge of how the human 
brain processes arithmetic operations in 
different environments is still lacking, as verbal 
communication often occurs in the presence of 
an interfering background, such as noise. The 
superior temporal gyrus (STG) plays a central 
role in the perception of speech (15–19) and 
non-speech stimuli (20). Listening to speech 
in noisy conditions resulted in the engagement 
of attention and cognitive networks (18). Other 
regions involved in attention are the cingulate 
gyrus, medial frontal gyrus, basal ganglia, and 
thalamus (19).

 In the present study, brain activations 
involved in arithmetic processing (addition and 
subtraction) in the human brain for in-quiet 
and in-noise were explored using a functional 
magnetic resonance imaging (fMRI) technique 
and statistical parametric mapping (SPM). The 
objectives of the study were (1) to identify the 
areas of activation, and (2) to determine the 
LI of the areas activated when the participants 
performed arithmetic working memory tasks 
for in-quiet and in-noise backgrounds. To 
achieve a quiet condition, a silent fMRI imaging                                                                        
paradigm (21) with a long silent interval was 
applied during stimulus presentation; this avoided 
the effects of scanner sound on the functional 
images (22).

Subjects and Methods

 This study was approved by the Universiti 
Kebangsaan Malaysia (UKM) Ethics Committee 
(IEC) (NN-049-2009), and informed consent was 
obtained from all study subjects prior to testing.

Participants
 Eighteen native, Malay-speaking, male adults 
with an average age of 23.2 (SD 2.5) years (range 
of 20–28 years) participated in the present study. 
All participants were screened by means of the 
Sijil Pelajaran Malaysia (Malaysian Certificate of 
Education) to obtain a group of participants able 
to perform simple mathematical operations; only 
those who passed their mathematics papers were 
enrolled in this study. Participants’ handedness 
was determined using the Edinburgh Handedness 
Inventory (23).

fMRI data acquisition
 The fMRI scans were conducted in the 
Department of Radiology, UKM Medical Centre. 
Functional images were acquired using a 1.5-
T magnetic resonance imaging (MRI) system 
(Siemens Avanto, Erlangen, Germany ) equipped 
with blood oxygenation level-dependent imaging 
protocol, echo-planar imaging capabilities, 
and radiofrequency head coil used for signal 
transmission and reception. Gradient-echo 
echo-planar imaging pulse sequence with the 
following parameters was used: repetition 
time (TR) = 16000 ms, acquisition time                                                                          
(TA) = 5000 ms (interscan interval =                                                                       
16000 ms − 5000 ms = 11000 ms), echo time                                                                                                                          
(TE)  = 50 ms, field of view (FOV) = 192 × 192 mm,                                                                                                                             
flip angle = 90°, matrix size = 128 × 128, and 
slice thickness = 3 mm. In addition, high 
resolution anatomical images of the entire brain 
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were obtained using a T1-weighted multiplanar 
reconstruction (MPR) spin-echo pulse sequence 
with the following parameters: TR = 1620 ms, 
FOV = 250 × 250 mm, flip angle = 90°, matrix 
size = 128 × 128, and slice thickness = 1 mm.

Tasks
 The experimental tasks consisted of simple 
arithmetic calculations involving addition and 
subtraction, presented auditorily for in-quiet and 
in-noise backgrounds. For in-noise conditions, 
the 83-dB stimuli were embedded in 80-dB white 
noise. Prior to the scanning, all participants were 
given detailed instructions on how to respond to 
the stimuli. The participants were instructed to 
listen to a series of simple arithmetic operations 
(e.g., 1 + 2 + 3 + 4) presented binaurally via 
headphones (transmission of sound through air) 
and were required to perform the calculations. 
The participants were also instructed not to move 
their head during the scan as head movements 
can cause signal intensity changes over time from 
any one voxel and present a serious confound 
in fMRI studies. To minimise head movement, 
immobilising devices were used together with the 
head coil. A training session was carried out prior 
to the scanning session, to ensure that participants 
understood the task.
 A silent fMRI-imaging paradigm was used to 
eliminate the effects of the scanner sound on the 
MRI images. The stimuli were presented during 
the silent gaps between volume acquisitions so 
that they did not overlap with the sound arising 
from the scanner. This paradigm is commonly 
used in auditory studies using fMRI (21,24). 
Each participant was subjected to 2 scanning 
sessions, which were exclusively carried out for 
addition and subtraction operations. Each session 
consisted of 2 different conditions, which were 
scanning in-quiet and in-noise. Thus, the 4 test 
conditions were addition in-quiet, addition in-
noise, subtraction in-quiet, and subtraction in-
noise. A schematic representation of the paradigm 
used in this study is shown in Figure 1. In the first 
scan, single-digit addition problems were used 
as stimuli (e.g., 1 + 2 + 3 + 4). Each set of digits 
that consisted of numbers 1–9 were randomly 
presented auditorily, without visual presentation, 
to the participants. In the second scan, single-
digit subtractions were used as stimuli (e.g., 9 – 
4 – 3 – 1). In this task, the minuend was always 
larger than the subtrahend, so that the answer to 
the problem was always positive. The participants 
were required to provide an answer verbally to 
each addition and subtraction task in order to 
evoke responses in the respective brain areas, and 
to ensure that the participants remained alert and 
focused throughout the scanning session.

 Each functional scan consisted of 120 series 
of trials (or measurements); 30 trials each for 
both in-quiet conditions (i.e., addition in-quiet 
and subtraction in-quiet), 30 trials each for 
both in-noise conditions (i.e., addition in-noise 
and subtraction in-noise), and 60 trials for 
baseline (stimulus not given). A long (11 s) inter-
measurement interval was used to allow for the 
haemodynamic response to decline after each 
given stimulus. The acquisition time was 5 s, with 
each functional measurement producing 35 axial 
slices in the 5-s duration (1 image slice per 143 
ms). The measurement started with the active 
state. The imaging time for each session was 32 
minutes, which produced 120 × 35 = 4200 images 
in total.

Post-processing
 All the functional (T2*-weighted) and 
structural (T1-weighted) images were processed 
in the Functional Image Processing Laboratory, 
Diagnostic Imaging & Radiotherapy Programme, 
Faculty of Allied Health Sciences, UKM, Kuala 
Lumpur. Image analyses were performed using a 
personal computer using the software MATLAB 
7.6 R2008a (Mathworks Inc., Natick, MA, USA) 
and Statistical Parametric Mapping (SPM8) 
(Functional Imaging Laboratory, Wellcome 
Department of Imaging Neuroscience, Institute 
of Neurology, University College of London). 
The raw data in DICOM (.dcm) format were 
transformed into Analyze (.hdr, .img) format using 
SPM8. Functional images for each measurement 
were realigned using the 6-parameter affine 
transformation in translational (x, y, and z)  and 
rotational (pitch, roll, and yaw) directions to 
reduce artefacts from subject movement and to 
make within- and between-subject comparisons 
meaningful (25). After realignment, a mean image 
of the series was used to estimate some warping 
parameters that mapped it onto a template that 
conformed to a standard anatomical space, i.e., 
EPI template (26) provided by the Montreal 
Neurological Institute (MNI). The normalisation 
procedure used a 12-parameter affine 
transformation, where the parameters constituted 
a spatial transformation matrix. The images were 
then smoothed using a 6-mm full-width-at-half-
maximum Gaussian kernel. The activated voxels 
were identified by the general linear model 
approach by estimating the parameters of the 
model and deriving the appropriate test statistic 
(t statistic) for every voxel. Statistical inferences 
were finally obtained on the basis of the general 
linear   model   and   Gaussian   random   field   
theory (27).
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Group analyses
 The participants’ activation maps were 
defined using the WFU Pick Atlas software 
(28). For group random effects (RFX) analysis, 
significant statistical inference was made at                 
α = 0.001, uncorrected for multiple comparisons. 
The laterality of the functional areas was evaluated 
using LI for each participant for all regions of 
interest (ROIs). Here, laterality is defined as the 
hemispheric dominance or preference between 
left and right hemispheres of functional activation 
(29). The chosen ROIs for the analysis of LI were 
based on the activations obtained from single 
subject analysis, group analysis, and from those 
reported in previous studies (29,30). The LI for 
any one ROI was calculated using the formula                                                  
LI = (VL – VR) / (VL + VR), in which VL  is the number 
of the activated voxels in the left hemisphere, 
and VR is the number of the activated voxels in 
the right hemisphere (11). The LI values ranged          
from −1 to 1, with the range –1 to 0 indicating 
right-hemisphere dominance and range 0 to 1, 
left-hemisphere dominance.

Analysis of the main effects and interaction
 The two-way repeated measures ANOVA 
was used to investigate the interaction between 
tasks (addition and subtraction) and conditions 
(in-quiet and in-noise) and to make inferences 
concerning the effects of tasks and conditions. 
The level of significance was set at uncorrected 
α = 0.05.

Results

Brain activation
 The brain activation obtained from RFX 
for (a) addition in-quiet, (b) addition in-noise, 
(c) subtraction in-quiet, and (d) subtraction 
in-noise, overlaid onto a 3-dimensional MNI-
template for brain structure is shown in                                                                                                               
Figure 1. The corresponding activated regions, 
together with their number of activated voxels 
(NOV) at α = 0.001, coordinates of maximum 
intensity, and the respective t values were 
tabulated in Tables 1 and 2 . All the addition 
and subtraction operations in-quiet and in-noise 
evoked bilateral activation in Heschl’s gyrus (HG), 
STG, IFG, SMG, precentral gyrus (PCG), superior 
parietal lobe (SPL), insula lobe, thalamus, and 
middle temporal gyrus (MTG). However, for 
MFG and middle cingulate cortex (MCC), there 
was brain activation only in the right hemisphere 
in all test conditions. For the inferior parietal 
lobe (IPL), there was bilateral activation during 
addition in-quiet and in-noise, whereas during 
subtraction in-quiet and in-noise, only the left 
IPL was activated. The total number of activated 
voxels summed for all ROIs (α = 0.001) were 5516 
during addition in-quiet and 5731 during addition 
in-noise, while for subtraction in-quiet and in-
noise, there were 2025 and 3162 activated voxels, 
respectively (Tables 1 and 2 ). A greater activation 
was observed in-noise compared with in-quiet for 
both addition and subtraction operations. The 
addition operation activated a relatively larger 
area of the whole brain than subtraction for both 
in-quiet and in-noise conditions.

Figure 1:  The study paradigm
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Laterality
 The laterality of the brain regions in relation 
to addition and subtraction operations was 
evaluated by LI as previously described (Table 3). 
Addition and subtraction produced asymmetrical 
activation in the IPL, PCG, and SPL that favoured 
the left hemisphere, in both in-quiet and in-noise 
conditions (i.e., LI > 0). In contrast, the areas 
of activation for the insula and MCC were more 
extended in the right hemisphere for all addition 
and subtraction in-quiet and in-noise (i.e.,                                                                                                                 
LI < 0). The STG, IFG, and thalamus indicated a left 
lateralisation with a small increase in activation 
for addition (i.e., LI > 0), while subtraction 

produced reversed lateralization (i.e., LI < 0). For 
HG, addition and subtraction evoked the right 
hemisphere region more extensively, except for 
addition in-quiet, which showed left-hemispheric 
preference. For MFG, subtraction in-quiet 
produced a left-hemispheric preference, whereas 
other tasks increased right-hemisphere activation. 
For MTG, there was extensive activation in the left 
hemisphere for all tasks except for subtraction in-
noise, which had a  right-hemispheric preference. 
Generally, there was relatively larger activation 
in the left hemisphere for both arithmetic tasks 
either for in-quiet or in-noise conditions.

table 1: Number of activated voxels (NOV), coordinates of maximum intensity (x,y,z),  and the t value 
obtained from brain activation of group random effects analysis shown in Figures 2 (a) and  
(b) for addition task

Condition AiQ Ain
region Hemisphere nOV x, y, z  t nOV x, y, z   t
HG L 154 -38, -28, 10 6.66 149 -42, -24, 10 7.46

R 119 40, -26, 8 5.83 146 48, -20, 8 7.47
STG L 1608 -46, -20, 4 11.69 1562 -52, -4, 0 10.84

R 1236 46, -14, 4 7.68 1326 58, -24, -4 8.32
IFG L 15 -48,   16,   -6 5.83 23 -48, 16, -6 6.09

R 34 52, 18, -8 7.55 40 52, 18, -8 6.81
IPL L 27 -42, -48, 52 3.92 51 -42, -46, 48 4.42

R 76 52, -40, 52 6.12 42 50,  -38, 50 5.49
SG L 138 -64, -38, 24 4.95 127 -52,  -42, 28 5.17

R 27 68, -40, 26 5.03 10 68, -40, 24 3.19
Insula L 213 -46,   8, -6 6.66 299 -46, 6, -4 7.11

R 287 46,   2, -8 5.74 294 50, 12, -6 6.73
Thalamus L 123 -2, -24, 8 7.10 121 -2, -24, 8 7.44

R 170 8, -24, 10 7.96 144 4, -22, 8 8.22
MCC L   - -  -    - - -

R 148 6, -22, 32 7.12  71 4, 22, 32  
PG L 269 -52, -4, 24 8.29 308 -48,  -8, 46 7.56

R 130 50, -6, 40 7.74 160 50, -6, 38 7.88
MTG L 432 -60, -30, 6 7.03 445 -56, -20, 0 8.68

R 298  60, -24, -4 8.59 399 60, -24, -4 8.11
MFG L       - - -    - - -

R 2  32,    6, 60 3.71 10 32, 6, 58 4.03
SPL L       - - - 4 -28, -66, 50 4.15

R 10 54, -38, 58 4.20    - - -
Abbreviations: AIQ = addition in-quiet, AIN = addition in-noise, HG = Heschl’s gyrus, STG = superior temporal gyrus,                                 
IFG = inferior frontal gyrus, IPL = inferior parietal lobe, SG = supramarginal gyrus, MCC = middle cingulate cortex, PG = pre-
central gyrus, MTG = middle temporal gyrus, MFG = middle frontal gyrus, SPL = superior parietal lobe  
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Main effects and interaction
 The two-way repeated measures ANOVA 
revealed a significant main effect of arithmetic 
operations (addition versus subtraction) on brain 
responses (uncorrected P < 0.05) for bilateral 
STG, IFG, IPL, MCC, insula lobe, thalamus, PCG, 
MTG, SFG, and SPL, including left HG and right 
SMG (Table 4). The comparison between the 
addition and subtraction operations (addition 
in-quiet > subtraction in-quiet, and addition in-
noise > subtraction in-noise) revealed that the left 
HG, left STG, left insula lobe, right MCC, bilateral 

MTG and bilateral MFG were significantly 
activated according to t values (Table 5). The 
reverse contrast (subtraction in-quiet > addition 
in-quiet, and subtraction in-noise > addition in-
noise) showed that bilateral hemispheres IPL, 
SMG, PCG, SPL, and SFG were activated but with a 
higher number of activated voxels for subtraction 
compared with addition (Table 6).
 However, there was no significant main effect 
of background conditions (i.e., in-quiet and in-
noise) and their interaction with operations (i.e., 
addition and subtraction) in any brain region.

table 2: Number of activated voxels (NOV), coordinates of maximum intensity (x,y,z), and the t value 
obtained from brain activation from group random effects analysis shown in Figure 2 (c) and 
(d) for subtraction task

Condition SIQ SIN
region Hemisphere nOV x, y, z t nOV x, y, z t
HG L 30 -46, -14, 4 4.24 84 -40, -24, 6 5.56

R 27 52, -16, 10 3.97 32 48, -12, 6 4.42
STG L 372 -52, 0,  3 6.47 602 -40, -28, 6 8.38

R 602 60, -26, 2 5.91 795 64, -20, 0 6.66
IFG L 33 -38, 22,  -4 6.14 39 -38,  22,  -4 6.22

R 34 52, 18,  -6 5.03 52 52, 18, -6 5.43
IPL L 9 -44, -38, 44 4.04 38 -44, -36,  46 4.93

R  - - -   - 38, -44, 46 3.42
SG L 37 -50, -40, 28 4.27 72 -62, -24, 16 4.85

R 24 62, -42, 24 4.79 21 64, -42, 24 4.38
Insula L 53 -36, 22, -4 5.64 146 -38, 20,  -4 6.21

R 73 48, 4, -3 7.18 163 48, 8,  -8 8.55
Thalamus L 90 -4, -18, 8 5.70 364 -6, -22, 8 9.41

R 91 6, -22, 8 4.04 3 6, -20, 6 9.06
MCC L  - - -   - -   -

R 15 6, 24, 32 3.78 103 4, 12, 44 6.50
PG L 332 -50, -6, 22 6.90 307 -54, -4, 24 6.82

R 116 48,  -6, 28 6.30 117 44, -10,  36 8.43
MTG L 11 -58, -22, 0 4.12 56 -60, -26, 2 4.63

R 49 58, -28, 0 5.60 135 58, -28, 0 5.86
MFG L 12 -30,  50, 20 4.41 19 -32,  50, 20 4.30

R 15 32, 6, 60 5.11 14 36, 6, 56 4.53
SPL L  - - -   - -   -

R  - - -   - -   -
Abbreviations: SIQ = substraction in-quiet, SIN = substraction in-noise, HG = Heschl’s gyrus, STG = superior temporal gyrus, 
IFG = inferior frontal gyrus, IPL = inferior parietal lobe, SG = supramarginal gyrus, MCC = middle cingulate cortex, PG = pre-
central gyrus, MTG = middle temporal gyrus, MFG = middle frontal gyrus, SPL = superior parietal lobe.
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(a) 

(c) (d) 

(b) 

Figure 2: Brain activation from group random effect analysis for addition in-quite, (b) addition in-noise, 
(c) subtraction in-quite, and (d) subtraction in-noise thresholded at α = 0.001 uncorrected 
for multiple comparisons. R denotes the right side of the brain, while L denotes the left side.

table 3: The laterality index for all regions computed from all different tasks and conditions averaged  
over 18 participants

region AiQ Ain SiQ Sin
HG 0.05 (0.66) -0.06 (0.65) -0.01 (0.55) -0.07 (0.59)
STG 0.13 (0.31)   0.01 (0.38) -0.05 (0.38) -0.10 (0.35)
IFG 0.08 (0.50)   0.10 (0.50) -0.08 (0.52) -0.13 (0.60)
IPL 0.50 (0.52) 0.30 (0.66) 0.33 (0.56) 0.33 (0.49)
SG 0.27 (0.61)   0.18 (0.61) -0.09 (0.55) 0.16 (0.39)
Insula  -0.29 (0.40)  -0.19 (0.36) -0.16 (0.55) -0.37 (0.49)
Thalamus 0.09 (0.37) 0.09 (0.39) -0.18 (0.52) -0.10 (0.53)
MCC  -0.19 (0.52)  -0.26 (0.67)  -0.17 (0.49) -0.29 (0.43)
PG 0.19 (0.57) 0.28 (0.45)    0.26 (0.38) 0.18 (0.40)
MTG 0.14 (0.43)   0.10 (0.40) 0.01 (0.48) -0.09 (0.43)
MFG - 0.16 (0.45)  -0.25 (0.49) -0.03 (0.57) 0.00 (0.61)
SPL    0.08 (0.73) 0.03 (0.68) 0.22 (0.59) 0.05 (0.70)
Data are expressed in mean (SD). 
Abbreviations: AIQ = addition in-quiet, AIN = addition in-noise, SIQ = substraction in-quiet, SIN = substraction                                                                                
in-noise, HG = Heschl’s gyrus, STG = superior temporal gyrus, IFG = inferior frontal gyrus, IPL = inferior parietal lobe,                                                                                                                                       
SG = supramarginal gyrus, MCC = middle cingulate cortex, PG = precentral gyrus, MTG = middle temporal gyrus, MFG = middle 
frontal gyrus, SPL = superior parietal lobe.

r L r L

r Lr L
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table 4: Activated brain region during the main effects of arithmetic stimulus typeat 
uncorrected P < 0.05

region Hemisphere nOV x, y, z F value P value
HG L 35 -40, -20, 2 6.90 0.005
STG L 487 -58, -36, 12 15.56 0.000

R 25 50, -10, -6 4.49 0.008
IFG L 14 -28, 24, -24       9.15 0.003

R 7 52, 26, -8 4.84 0.031
IPL L 80 -44, -30, 44 9.25 0.003

R 184 30, -44, 50 9.45 0.003
SG R 92 60, -16, 28 9.09 0.004
Insula L 126 -34, 18, 14 12.38 0.001

R 10 42,  -4,  -8 4.52 0.036
Thalamus L 23 -12, -32, 0 7.63 0.007
MCC L 27 -8, 2, 40 5.68 0.020

R 73 0, 18, 32 7.94 0.006
PG L 74 -20, -24, 70 11.98 0.001

R 79 50, -14, 54        9.18 0.003
MTG L 404 -58, -26, -6 11.37 0.001

R 217 48, -76, 20 16.77 0.000
MFG L 220 -24, 0, 48 17.38 0.000

R 184 34, 54, 0 11.07 0.001
SFG L 71 -22, 0, 48 18.05 0.000

R 59 22, 0, 62       9.71 0.003
SPL L 116 -16, -58, 50  6.70 0.012

R 264 24, -66, 48 14.12 0.000
Abbreviations: NOV = number of activated voxels, HG = Heschl’s gyrus, STG = superior temporal gyrus,           
IFG = inferior frontal gyrus, IPL = inferior parietal lobe, SG = supramarginal gyrus, MCC = middle cingulate 
cortex, PG = precentral gyrus, MTG = middle temporal gyrus, MFG = middle frontal gyrus, SFG = superior 
frontal gyrus, SPL = superior parietal lobe.

Discussion

 This study identified the activated areas in the 
brain and their laterality during simple addition 
and subtraction operations for in-quiet and in-
noise backgrounds. In addition, it also examined 
the differential effect of background noise on the 
task-related activation during the aforementioned 
operations.
 SPM analyses indicated that performing 
subtraction or addition in-quiet as well as in-noise 
resulted in a different spatial extent of activation 
in several brain regions. Group results showed that 
addition and subtraction operations evoked brain 
activation in the HG, STG, IFG, IPL, SMG, PCG, 
MTG, MFG, SPL, MCC, insula, and thalamus. In 

general, NOV was higher during addition than 
subtraction, for both in-quiet and in-noise. NOV 
was also modulated by background condition, 
where in-noise produced higher NOV in both 
addition and subtraction operations compared 
with in-quiet conditions. The differences in 
NOV for different mathematical operations and 
background conditions were possibly due to 
the difference in task demand and participants’ 
efforts in accomplishing the tasks. These results 
were similar to those of other studies on speech 
perception in-noise (19,31) that found increased 
activation in some regions, especially in superior 
temporal activation, due to increased effort in 
extracting the speech signal in-noise.
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table 5: Activated brain regions during addition greater than subtraction in the quiet and noise 
conditions at uncorrected P < 0.05

region Hemisphere AiQ >  SiQ Ain > Sin

   nOV x, y, z t nOV x, y, z t

HG L 24 -40, -20, 4 1.81 5 -40, -20, 2 1.96
STG L 322 -58, -36, 12 3.12 251 -46, -14, -10 2.64

R 9 50, -24, 12 1.77    -  - -
MTG L 225 -40, 6, -28 2.88 253 -58, -24, -6 2.72

R 58 56, -14, -18 2.13 51 58, -16, -18 2.14
Insula L 40 -34, 18, 14 2.44 31 -34, 18, 14 2.53

MCC R 28 4, -24, 44 1.87 12 4, -24, 44 1.77
SFG R 6 18, 56, 30 2.05 11 -20, 52,  32 2.30
MFG L  - - - 6  - -

R 14 34, 60,  -2 2.20 18 40,  12, 42 2.10
Abbreviations: AIQ = addition in-quiet, AIN = addition in-noise, SIQ = substraction in-quiet, SIN = substraction in-noise,                
NOV = number of activated voxels, HG = Heschl’s gyrus, STG = superior temporal gyrus, MTG = middle temporal gyrus,                     
MCC = middle cingulate cortex, SFG = superior frontal gyrus, MFG = middle frontal gyrus.

 An extended spread of activation in bilateral 
HG and STG was observed in-noise compared 
with in-quiet for both addition and subtraction 
operations, similar to that found in a study of 
speech perception, where greater activation was 
found during speech perception in-noise than 
in-quiet (19). Bilateral activation of HG and STG 
was expected due to their respective functions in 
processing auditory stimuli (18–20,32). The HG, 
together with the posterior area of STG, is known 

to be the primary auditory area and is associated 
to BA41 in Brodmann classification (33). In 
the present study, HG and parts of STG were 
assumed to act as the input centre for auditory 
processing, where auditory signals from sub-
cortical areas were received before transmission 
to other cortical areas involved in processing of 
arithmetic stimuli. Verbal stimuli (e.g., speech or 
word numbers) caused an extended activation in 
the left auditory compared with the right auditory 

table 6: Activated brain regions during subtraction greater than addition in the quiet and noise 
conditions at uncorrected P < 0.05

region Hemisphere SiQ > AiQ Ain > Sin

   nOV x, y, z  t nOV x, y, z t

IPL L 14 -58, -40, 38 1.94 70 -44, -30, 44 2.58
R 121 34, -42,  54 2.44 30 30, -44, 50 1.99

SPL L 6 -24, -56, 58 1.74 41 -16, -58, 50 2.11
R 152 16, -56, 58 2.61 126 24, -66, 48 2.77

SG L 4 -58, -40, 36 1.53 -
R 88 60, -16, 28 2.33 16 60, -16, 28 1.95

SFG L 54 -22, 0, 48 2.87 31 -22,  0, 48 3.13
R 59 22, 24, 58 2.32 12 20,  2, 60 1.90

PG L 34 -20, -24, 70 2.33 27 -20, -24, 70 2.56
R 49 18, -26, 72 2.16 47 50, -14, 54 2.37

Abbreviations: AIQ = addition in-quiet, AIN = addition in-noise, SIQ = substraction in-quiet, SIN = substraction                                                                                                                                    
in-noise, IPL = inferior parietal lobe, SPL = superior parietal lobe, SG = supramarginal gyrus, SFG = superior frontal gyrus,               
PG = precentral gyrus.
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area (34). However, the right auditory area has 
been shown to be more sensitive to tonality or 
non-verbal stimuli, such as pure tones and noises. 
For example, listening to white noise has been 
found to produce a larger number of activated 
voxels in the right HG compared with the left HG 
(32). These findings by Tervaniemia et al. (34) 
and Yusoff et al. (32) indicate that HG responds 
differently to verbal and non-verbal stimuli. 
However, the present study showed that the right 
HG triggered a relatively wider area of activation 
(LI < 0) compared with the left HG for all tasks 
except for addition in-quiet, which evoked a 
relatively wider extent of activation in the left 
hemisphere (LI > 0). This right hemispheric 
dominance is potentially due to the change in 
the processing strategy for HG when dealing 
with simple arithmetic operations. For STG, 
there was an extended activation area in the left 
hemisphere (LI > 0) for addition in-quiet and 
in-noise; in contrast, subtraction in-quiet and 
in-noise showed a wider extent of activation in 
the right hemisphere (LI < 0). However, the LI 
values obtained from the analyses were small, 
reflecting small differences in NOV between the 
left and right STG during addition and subtraction 
operation in-quiet and in-noise. These findings 
suggest that both left and right STG play equal 
roles in processing mathematical input presented 
auditorily (19,35).
 The present study also found that addition 
and subtraction operations resulted in extended 
activation in the frontal and parietal lobes, 
2 regions known to be involved in mental 
calculations (36). In the frontal lobes, there was 
significant activation in bilateral IFG, SFG, and 
MFG–regions related to working memory and 
executive functions (7,8). The present study also 
revealed that addition and subtraction operations 
resulted in bilateral activations in the IFG and SFG, 
suggesting that they may play a role in supporting 
the processes of arithmetic working memory. The 
IFG results indicate that the left hemisphere IFG 
has extended activation compared with the right 
IFG in addition operations both in-quiet and 
in-noise (i.e., LI > 0). In contrast, subtraction 
operations both in-quiet and in-noise resulted in a 
greater activation in the right hemisphere (LI < 0). 
In a previous study on simple calculation, complex 
calculation, and proximity judgement (11), the 
right IFG exhibited a wider extent of activation 
than the left IFG, suggesting that the right IFG 
was associated with the executive function of 
arithmetic operations. The MFG activation pattern 
showed a slightly extended activation in the right 
hemisphere (LI < 0) during addition in-quiet and 

in-noise, as well as subtraction in-quiet, but not 
for subtraction in-noise (LI > 0).  In addition, a 
wider spread of bilateral activation in MFG during 
addition and subtraction tasks may indicate that 
MFG is the central region in working memory 
processes dedicated to numerical processing 
(37). These findings suggest that (1) addition and 
subtraction operations require working memory 
for arithmetic facts retrieval, and (2) addition 
and subtraction in-quiet and in-noise conditions 
produced different hemispheric laterality patterns 
in the frontal regions.
 The parietal regions are commonly activated 
in tasks that involve number operations. The 
activated regions include the IPL (4,10), SPL, and 
SMG (4,10,11), all regions that play important 
roles in processing and manipulating numbers. 
Processing of numbers appears to be important 
especially in differentiating the arithmetic 
stimulus type, i.e., addition and subtraction. 
Furthermore, the IPL, SPL, and SMG seemed 
to have a wider extent of activation for addition 
task. For both SMG and IPL, there was LI > 0, 
and these 2 regions seemed to have a wider extent 
of activation in the left hemisphere, except for 
SMG for subtraction in-quiet that was otherwise. 
Rueckert et al. (38) and Dehaene et al. (39), found 
bilateral activation in IPL. However, it is well 
known that the left IPL plays an important role 
in arithmetic operations as retrieval of arithmetic 
information involves the left Broca areas (40). 
Menon et al. (10) identified the IPL region as 
specifically activated in response to increasing 
arithmetic complexity. They also suggested that 
SMG was activated due to increased difficulty 
of the arithmetic operation. The wider extent of 
activation in the IPL during addition operations 
revealed from the present study showed that 
addition was relatively difficult to solve compared 
with subtraction.
 Interestingly, the right MCC revealed 
activation during all combinations of operations 
and conditions. The right MCC also exhibited 
a wider extent of activation during addition 
compared with subtraction. In Cowel et al. (40), 
the activation found in cingulate cortex was 
associated to cognitive requirements of attention, 
working memory, and decision making. Based on 
the results given above, performing addition for 
in-noise conditions needed higher attention and 
executive function of working memory compared 
with subtraction. Thus, the involvement of MCC in 
this study can be associated with attention when 
the participants were trying to solve the addition 
and subtraction operations.
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 The motor system in the bilateral PCG has 
also been found to be activated during addition 
and subtraction in this study. Besides, a wider 
activation in the left PCG was observed as the        
LI > 0 during addition and subtraction for both in-
noise and in-quiet (43). The motor areas may be 
activated due to imagery finger movement when 
the participants were trying to solve numerical 
processing such as counting (41,42). Both the left 
and right PCG showed greater activation during 
subtraction compared with addition. Counting in 
numerical processing would appear to be most 
important to differentiate between addition and 
subtraction (12). Subtraction seemed to promote 
a relatively larger imagery finger movement in 
processing numerical quantities to solve problems 
compared with addition (44).
 We also observed other brain areas that 
were significantly activated (P < 0.001), e.g., the 
insula lobe and thalamus. The activation in these 
areas was more extensive in the right compared 
with the left hemisphere, except for activation 
in the thalamus for subtraction in-noise that 
was otherwise. These areas have been suggested 
to be components of working memory and               
attention (32).
 The results of the present study should be 
interpreted carefully while considering at least 2 
possible limitations: (1) The statistical thresholds 
used for the whole brain data analyses were rather 
moderate, and (2) perisylvian activation patterns 
in relation to arithmetic processing might be 
over-interpreted due to the underlying contrasts, 
including a verbal comprehension versus a 
nonverbal baseline condition. Nevertheless, 
interaction analyses between modalities and tasks 
provide valuable information for the presented 
differential discussion.

Conclusion

 The results showed that addition and 
subtraction tasks evoked extended activation in the 
left inferior parietal lobe, left precentral gyrus, left 
superior parietal lobe, left supramarginal gyrus, 
and left middle temporal gyrus. This was due to 
the hypothesis that the human brain activates its 
left hemisphere when working on logical thinking. 
However, brain areas in the insula, MCC, and 
MFG showed extended activation in the right 
hemisphere. For superior temporal gyrus, inferior 
frontal gyrus, and thalamus, there was extensive 
left-hemispheric activation for addition tasks but 
not for subtraction tasks. The bilateral activation 
in parietal regions promotes arithmetic problem 
solving, but the involvement of frontal brain 

regions for mental calculation are for executive 
processes and working memory in mathematical 
calculations. The results of the present study 
suggest that addition (compared with subtraction) 
and in-noise (compared with in-quiet) conditions 
promoted higher cognitive processes in working 
memory and attention. The left hemisphere of 
the brain showed apparent extended activation 
in regard to attention, executive processes and 
working memory.
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Abstract
 Background: Musculoskeletal disorders are commonly reported among computer users. this 
study explored whether these disorders can be reduced by the provision of ergonomics education.
 Methods: A cluster randomised controlled trial was conducted in which 3 units were 
randomised for intervention and received training, and 3 units were given a leaflet. The effect of 
intervention on workstation habits, musculoskeletal disorders, days and episodes of sick leave, and 
psychological well-being were assessed.
 Results: A significant improvement in workstation habits was found, and the differences 
remained significant at the follow-up time point for keyboard, mouse, chair, and desk use. The 
largest reduction in the percentage of musculoskeletal disorders was in the neck region (-42.2%, 
95% CI -60.0 to -24.4). After adjusting for baseline values, significant differences were found at the 
follow-up time point in the neck, right shoulder, right and left upper limbs, lower back, and right and 
left lower limbs. No significant differences were found for the days and episodes of sick leave or the 
psychological well-being among workers after the intervention.
 Conclusion: Consistent reductions were observed for all musculoskeletal disorders at the 
follow-up time point, although the difference was not statistically significant for the upper back. The 
improvements in the musculoskeletal disorders did not translate into fewer days lost from work or 
improved psychological well-being. 

Keywords: adult, ergonomics, musculoskeletal diseases, occupational health, training 

Introduction
 
 Musculoskeletal disorders (MSDs) are 
commonly reported by office workers worldwide, 
and these disorders can have detrimental effects 
on workers’ health and productivity (1,2). Factors 
that predict the risk of developing MSDs can 
be divided into individual (3–5), ergonomic                    
(6–11), and psychosocial factors (12–15). The risk 
of developing MSDs is higher among workers 
who have a high work strain, longer mouse and 
keyboard use, perceived high muscle tension, and 
previous MSDs in the neck and shoulder; these 
risk factors were reported in several longitudinal 
studies with a follow-up ranging from 3 months to 
5.4 years (16–23).
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  Awareness and knowledge of the 
relationship between computer usage and MSDs 
are essential for preventing MSDs from becoming 
more severe. A study conducted by a French 
company reported that office and blue collar 
workers had a higher risk of sickness absence 
because of upper limb disorders compared with 
managers and professionals (24). A population-
based study in Sweden also found that respondents 
who reported concurrent low back pain and neck-
shoulder disorders were at high risk for short- and 
long-term sickness absences from work (25).
 In a work setting, ergonomics education/
training is the best initial strategy to educate 
computer users about office ergonomics (26). 
Training may also educate individuals from 
different managerial levels in the organisation 
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about office safety, which may simultaneously 
promote increased levels of safety in the 
organisation. Previous studies conducted on the 
effectiveness of office ergonomic training reported 
improvements in knowledge and workstation 
habits and a reduction in MSDs. One study used 
various educational interventions, including 
posters, emails, pictures of stretching and stress 
relief activities, workshops, and informational 
booklets. These interventions increased the 
workers’ knowledge of cumulative trauma 
disorders and resulted in changes in the hand/wrist 
and neck/shoulder posture when using    computers 
(27). The other study conducted on workers 
in a petrochemical research and development 
facility reported improvements in workstation 
posture and symptom severity, but they did not 
report any reduction in symptoms (28). Studies 
using different methods of ergonomics training 
have reported positive results. For example, 
those who received education programs, such as 
participatory training (an active learning session 
involving discussions and problem-solving 
exercises) and traditional training (lectures and 
handouts), reported less pain/discomfort and a 
positive perception of psychosocial work stress 
compared with those who did not receive training 
(29). Another study demonstrated that both 
instructor-directed and self-directed learning 
were effective in causing positive changes in 
ergonomic habits among workers (30). However, 
a study reported that training alone did not reduce 
MSD symptoms among respondents (31). The 
researchers suggested that knowledge derived 
from training would not be effective unless 
workers were provided with the appropriate 
equipment to implement it.
 Recent studies on office ergonomics by 
Robertson et al. (32,33) also found positive 
results. One study looked at the effect of 3 
interventions, office ergonomics training, a 
flexible workstation, and training with a flexible 
workstation, on an individual’s psychological 
work environment, musculoskeletal disorders, 
and work effectiveness. In the study, flexible 
workstation was architecturally designed to 
create a sense of openness, provide natural 
lighting throughout the workspace, and enhance 
auditory and visual privacy. The layout of the 
individual workstations was a soft U-shape, with 
each workstation having adjustable storage and 
paper management tools. Each workstation was 
equipped with a highly adjustable ergonomic 
chair. Regarding MSDs, they showed a significant 
reduction in MSDs in the training with a flexible 
workstation group (32). Another study aimed to 

investigate the effects of training and training 
with an adjustable chair on musculoskeletal 
risk, knowledge, and behavioural change. An 
improvement in the observed computing body 
postures for the right and left side of the body 
with the training and training with a chair groups. 
Regarding behavioural changes, only the training 
group reported a significant improvement in the 
workstation changes at the time of the follow-up 
session (33).
 The aim of the current study was to evaluate 
the effects of office ergonomics training, compared 
with no training, on MSDs and psychological well-
being in university-based office workers. A cross-
sectional survey that assessed their awareness of 
office ergonomics and the prevalence of MSDs 
had been previously conducted among the target 
group of the Universiti Teknologi Malaysia (UTM) 
office workers. The findings reported a low level of 
office ergonomics awareness and high 12-month 
prevalence rates of MSDs in the shoulder (51.6%), 
neck (48.2%), and back (42.2%) (34). Results 
from the study suggested that UTM staff were in 
need of office ergonomics training because they 
had not previously received any formal training. 
Two hypotheses were drawn: (1) office ergonomics 
training reduces musculoskeletal disorders 
among office workers; and (2) office ergonomics 
training can improve the psychological well-being 
among office workers.

Subjects and Methods

Study design
 Ethical approval to conduct the study was 
obtained from the University of Sydney Human 
Research Ethics Committee. This study was 
designed as a two-armed cluster randomised 
controlled trial. The experimental group received 
office ergonomic training, and the control group 
was asked to conduct “business as usual” (no 
ergonomic training); 3 units were randomly 
assigned to the experimental group, and 3 were 
assigned to the control group using a random 
number table. The random number was set at 6. 
The minimum value was set at 1 (experimental 
group) and maximum value at 2 (control group). 
The researchers were aware of the allocation of 
the groups. Respondents were aware of the study, 
but they did not know whether they belonged to 
the experimental or control group. The study flow 
chart is presented in Figure 1. 
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Participants and setting
 Office workers from 6 units were invited to 
participate in the study. The 6 units were Bursary, 
Registry, Library, Research Management Centre, 
Professional and Continuing Education, and 
Centre of Information and Communication 
Technology. The inclusion criteria were people 
who worked with computers for at least  3 
hours per day, in either permanent or contract 
employment. The exclusion criteria were people 
who had any previous illness and/or injuries that 
may have contributed to MSDs. The majority 
of the office workers sat in cubicles; the size of 
the cubicle was standardised, but it may have 
been smaller for several of the workstations 
due to space constraints. Each worker had 
his/her own designated desk equipped with a 
monitor (traditional or flat screen), a keyboard 
(traditional), and a mouse (without a wrist rest). 
The majority of workers working in a cubicle had 
a keyboard tray (without a mouse tray), which 
was attached to the desk. Some, but not all, 
workers who were not working in a cubicle had 
desks with a keyboard tray. Workers who did not 
have a keyboard tray placed their keyboard on 
their desk. Most staff had their own telephone; 
however, a small number of participants shared 
a telephone with co-workers (1:2). Chairs and 
desks were adjustable, and the staff had flexibility 

with respect to the movement of their keyboard 
and mouse. Workstation layouts were generally 
consistent across units. No serious efforts had 
been made by management to ergonomically 
upgrade these workstations. The initial awareness 
of office ergonomics was low (34).

Intervention
 Respondents from the intervention groups 
received office ergonomics training. The in-
house ergonomics training was conducted by 
trainers from the National Institute of Safety and 
Health (NIOSH). The training took place over a 
period of 1 day, divided into 2 sessions; the first 
session consisted of lectures on office ergonomics, 
understanding the relationship between office 
ergonomics and the development of MSDs, 
ergonomic improvements and adjustments of 
workstations, and stretching exercises. The 
second session focused on the practical aspects 
of the training; trainers visited the participants’ 
workstations and provided assistance to them 
on how to adjust workstations effectively. 
We encouraged respondents to stay at their 
workstation so that the trainers could help them 
readjust their workstation if necessary. Trainers 
made suggestions on how to improve workstation 
practices, but these were restricted to different 
arrangements of the workstation furniture 
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without compromising the space available. 
Respondents were also encouraged to participate 
in their workstation adjustments. Under some 
circumstances, further suggestions were made 
on how to adjust the workstation and/or space. 
These suggested changes would have required 
support from management; for example, trainers 
suggested buying new furniture or allocating 
more space.
 Respondents from the control groups 
received a leaflet that consisted of an ergonomic 
office diagram, tips on how to take a break, 
tips on how to reduce their workload, and 
stretching exercises. The leaflet was based on a 
comprehensive literature search from the National 
Institute of Occupational of Safety and Health and 
other health and safety websites related to office 
ergonomics issues or problems. The experimental 
group also received the same leaflet in addition to 
the ergonomic training.

Outcome measures
 We assessed outcomes at the 6-month 
time point after training. The primary outcome 
measure was self-reported MSDs. Respondents 
were asked if they had experienced any MSDs 
at any time during the previous 6 months. 
Musculoskeletal disorders were measured based 
on 9 categories: neck, right and left shoulder, 
upper and lower back, right and left upper limbs 
(upper arm, elbow, lower arm, wrist, and fingers), 
and right and left lower limbs (thigh/hip, knee, 
and feet). Data concerning the prevalence of 
MSDs were gathered using the modified Nordic 
Questionnaire (35).
 Workstation habits, psychological well-
being, and sick leave were the secondary 
outcome measures. A sample of the respondents’ 
workstation habits was randomly selected for 
observation in each of the 6 units at both baseline 
and follow-up time points. The observations 
were conducted by 4 people from the NIOSH. 
Trial observations were conducted prior to actual 
observation of 2 office workers to make sure 
that trainers had a clear understanding of the 
workstation specification checklist (Table 1) and 
would use it reliably. The rating was either yes 
(if the respondents had the desired workstation 
habits) or no (undesired workstation habits). A 
strong inter-rater reliability was found between 
the 4 observers (Cronbach’s alpha 0.844). The 
checklist included items related to the use of the 
monitor (5 items), keyboard (7 items), mouse 
(2 items), chair (7 items), and desk (2 items); 
for example, some items were as follows: if the 
monitor is at arm’s length away from the user, if 

the keyboard is at the right height (elbow height), 
and if the mouse is placed near the keyboard and 
within reach.
 Psychological well-being was measured using 
the Depression Anxiety Stress Scale (DASS)-21  
questionnaire (36). Respondents were asked to 
evaluate their psychological well-being based on 
a 4-point scale (0 = did not apply to me at all; 1 = 
applied to me to some degree or some of the time; 
2 = applied to me a considerable degree or a good 
part of the time; and 3 = applied to me very much 
or most of the time). Sick leave was assessed by 
2 items: “in the last 6 months, how many days 
(approximately) in total have you had off work 
due to work-related musculoskeletal discomfort?” 
and “in the last 6 months, how many separate 
times have you had time off work due to work-
related musculoskeletal discomfort?”

Statistical analysis
 We conducted an intention-to-treat 
analysis in which respondents were considered 
for the intervention that was assigned to them, 
i.e., training and workstation adjustments. 
Respondents who provided data at baseline and 
post-intervention time points were included in 
the analysis. We measured the effect of short-
term behavioural changes at 2 weeks post-
intervention. The between-group differences for 
workstation habits were calculated by examining 
the differences in the mean scores of correct 
ergonomic habits for the monitor, keyboard, 
mouse, chair, and desk; an independent                                  
t test analysis was used to analyse significant 
differences between the groups at follow-up. The 
between-group differences for the rates of MSDs 
were calculated using percent differences with 
95% confidence intervals. Chi-square analysis 
was used to analyse the significant differences 
between groups. We then adjusted the P value for 
the baseline values using logistic regression. We 
calculated the number needed to treat (NNT) to 
determine the number of individuals that need 
to receive the intervention to reduce MSDs. 
For the analysis of the effect of intervention 
on sick leave, a Mann–Whitney U analysis was 
used to determine post-intervention significant 
differences between groups. An independent                
t test was used to calculate the mean differences 
between post-intervention and pre-intervention 
of psychological well-being scores and significant 
differences between groups. We used an analysis 
of co-variance (general linear model) to adjust 
follow-up values for baseline values for sick leave 
and psychological well-being.
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Results

Baseline results for demographic and 
occupational characteristics
 The demographic and occupational 
characteristics of the study population are 
presented in Table 2. The baseline characteristics 
between the 2 groups were similar for age, gender 
distribution, body mass index, psychological well-

being, and workplace characteristics. However, a 
greater number of respondents in the control group 
completed higher education and exercised less 
than the experimental group. Respondents who 
provided data at baseline and post-intervention 
were included in the analysis. In total, data from 
43 respondents in the experimental group and 55 
in the control group were analysed (for primary 
and secondary measures).

table 1: Workstation observation checklist 
Monitor Finding (Circle one)
      Monitor is at arm’s length away from user Yes 1 no 0

      Top of the monitor at eye level or slightly below Yes 1 no 0

Centre of monitor place directly in line with middle of body, spacebar, 
and keyboard Yes 1 no 0

Glare is minimized Yes 1 no 0

Head in neutral position without straining forward and backward Yes 1 no 0

Keyboard

Keyboard at the right height (elbow height) Yes 1 no 0

Keyboard positioned in front of user Yes 1 no 0

Elbow at side and angle about 90° to 110° Yes 1 no 0

Forearms parallel to floor Yes 1 no 0

Wrist are straight (without flexing up or down) and flat Yes 1 no 0

Upper hands and elbows close to the body when hands on the keyboard Yes 1 no 0

Shoulders relax when hands on the keyboard Yes 1 no 0

Mouse

Mouse is placed close to keyboard and within reach (at elbow height) Yes 1 no 0

Wrist in a straight or neutral position Yes 1 no 0

Chairs

Adequate back support Yes 1 no 0

Back posture 90° to 110° Yes 1 no 0

Feet touching supported by the floor or footrest Yes 1 no 0

Thigh parallel with the floor Yes 1 no 0

Upper body straight Yes 1 no 0

Knee are about the same height as the hip with the feet slightly forward Yes 1 no 0

Allow special clearance to move knee and less under the desk  or 
keyboard tray Yes 1 no 0

Desks

There is enough room for legs to comfortably fit under the desk or table Yes 1 no 0

Item used most often are within arm length of reach Yes 1 no 0
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table 2: Demographics and occupational characteristics of study population
Personal characteristics int

(n =43)
COn 

(n = 55)
Age 34.6 (10.4) 34.2 (8.4)
Gender

Male 30.2% 20%
Female 69.8% 80%

BMI
Male 23.8 (3.0) 25.9 (5.8)
Female 22.9 (4.7) 22.9 (3.6)

Education
High school (SRP/SPM) 58.1% 29.1%
Technical certificate/diploma 23.3% 32.7%
Degree (bachelor/post-degree) 9.3% 30.9%
Other 9.3% 7.3%

Hand used to operate computer
Right 90.7% 92.7%
Left 9.3% 7.3%

Exercise every week
No 30.2% 58.2%
Yes 69.8% 41.8%

DASS stress 5.4 (3.9) 4.3 (3.2)
DASS anxiety 4.2 (2.9) 3.6 (3.3)
DASS depression 3.4 (3.4) 3.2 (2.8)
Years of working using computer   10.4 (6.9) 11.2 (6.8)
Hours sitting while using computer 6.6 (1.6) 6.9 (1.4)
Hours typing 5.1 (1.9) 5.2 (1.9)
Sick leave (days)    0.26 (0.6) 0.78 (1.6)
Sick episode    0.26 (0.6) 0.58 (1.4)
Data are expressed in mean (SD) or percentage.
Abbreviations:Abbreviations: INT = intervention, CON = control, BMI = body mass index, SRP = Sijil 
Rendah Pelajaran (Lower Certificate of Education), SPM = Sijil Pelajaran Malaysia (Malaysian Certificate of 
Education), DASS = Depression Anxiety Stress Scale.

Workstation observations
 Short-term improvements were observed 
with intervention in workstation habits in the 
intervention groups (Table 3); specifically, these 
improvements were seen with the use of the 
monitor (mean score = 3.8), keyboard (mean 
score = 5.4), mouse (mean score = 1.2), chair 
(mean score = 5.7), and desk (mean score = 
1.8) at the follow-up time point. The differences 
between groups were significant for the keyboard                                   
(P = 0.005), mouse (P = 0.042), chair                                                                              
(P <0.0001), and desk (P = 0.033). A marginally 
significant difference for monitor use was observed                                                                                                                          

(P = 0.063). Conversely, only 1 significant 
difference for the improvement of workstation 
habits was recorded in the control group, 
and it was related to the space needed for the 
participant’s legs to comfortably fit under the 
desk and the placement of items on the desk                                              
(P = 0.025).

Self-reported musculoskeletal disorders
 Summaries of MSDs are given in Table 4. 
The results show that the percentage of MSDs in 
the intervention groups was consistently reduced 
for all outcomes at the follow-up time point 
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and ranged from -10.3% to -44.2%. The largest 
reduction percentage was for the neck region 
(-42.2%, 95% CI -60.0 to -24.4), followed by the 
left upper limb (-29.6%, 95% CI 46.31 to -12.89) 
and left lower limb (-28.1%, 95% CI -41.99 to 
-14.21). The lowest reported reduction percentage 
was for the upper back (-10.3%, 95% CI -28.9 to 
8.3), left shoulder (-19.9%, 95% CI -38.4 to 1.4), 
and right upper limb (-19.9%, 95% CI -39.45 to 
-0.35). The unadjusted effects for baseline values 
showed statistically significant lower discomforts 

in the neck, right shoulder, right and left upper 
limbs, lower back, and right and left lower limbs. 
For these regions, NNT was in the range of 2 to 5, 
which indicated that 2 to 5 people needed to receive 
the intervention for 1 person to benefit from a 
reduced musculoskeletal problem. The results on 
the left shoulder were marginally significant, but 
the differences between the groups were clinically 
important and greater than 19%. No statistically 
significant benefits were observed for the upper 
back, and the NNT was much higher (10). 

table 3: Workstation habits differences between groups at baseline and 2 weeks post-intervention 

Outcome
intervention Control

baseline
(n = 30)

2 weeks
(n = 25) P value baseline

(n = 30)
2 weeks
 (n = 23) P value

Monitor 3.3 (1.0)  3.8 (1.0) 0.063 2.6 (1.3) 2.7 (0.9) 0.614
Keyboard 3.9 (2.2)  5.4 (1.6)  0.005 3.7 (1.9) 3.2 (1.5) 0.342
Mouse 0.8 (0.8)  1.2 (0.8) 0.042 0.8 (0.7) 0.5 (0.6) 0.079
Chair 3.8 (1.4)  5.7 (1.3)  <0.0001 3.9 (1.9) 3.9 (1.7) 0.962
Desk 1.5 (0.6)  1.8 (0.4) 0.033 1.4 (0.6) 1.7 (0.4) 0.025
Data are expressed in mean score (SD).

table 4: Musculoskeletal disorders at a 6-month follow-up time point (unadjusted and adjusted for 
baseline) assessed using the modified Nordic Questionnaires

Outcome baselinea 6 monthsa Differenceb nnt P value
int

(n = 43)
COn

(n = 55)
int

(n = 43)
COn

(n = 55)
Neck    22 

(51.2%) 
   35
(63.6%)

   10
(23.3%)

   36
(65.5%)

 -42.2
(-60.0 to -24.4)

  2 U:
A:

<0.001
<0.001

Right shoulder    21 
(48.8%) 

   32
(58.2%)

   13
(30.2%)

   31
(56.4%)

 -26.2
(-45.1 to -7.2)

  4 U:
A:

0.017
0.017

Left shoulder    13
(30.2%) 

   22
 (40%)

   11
(25.6%)

   25
(45.5%)

 -19.9
(-38.4 to -1.4)

  5 U:
A:

0.070            
0.058

Upper back    15 
(34.9%)

   23
(41.8%)

   12
(27.9%)

   21
(38.2%)

 -10.3
(-28.9 to 8.3)

10 U:
A:

0.394
0.381

Right upper limb    15 
(34.9%)

   29
(52.7%)

   18
(41.9%)

   34
 (61.8%)

 -19.9
(-39.45 to -0.35)

  5   U:
A:

0.049
<0.001

Left upper limb      7 
(16.3%)

   20
(36.4%)

     6
  (14%)

   24
(43.6%)

 -29.6
(-46.31 to -12.89)

  3 U:
A:

0.002
0.002

Lower back    11 
(25.6%)

   18
(32.7%)

     7
(16.3%)

   21
(38.2%)

 -21.9
(-38.8 to -4.9)

  5 U:
A:

0.031
0.015

Right lower limb    10
(23.3%)

   19
(34.5%)

     3
 (6.9%)

   18
(32.7%)

 -25.8
(-40.33 to -11.27)

  4 U:
A:

0.002
0.001

Left lower limb      8  
(18.6%)

   17
  (31%)

     2
 (4.6%)

   18
(32.7%)

 -28.1
(-41.99 to -14.21)

  4 U:
A:

0.001
0.001

aData are expressed in number of subjects (percentage). bDifference between 6 months of INT and CON in percentage (95% CI).
Abbreviations: INT = intervention, CON = control, NNT = number needed to treat, U = unadjusted P value, A = P value adjusted 
for baseline.
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 table 5: Number of days and episodes of sick leave 
Outcome baselinea 6 monthsa P value

int
(n = 43)

COn
(n = 55)

int
(n = 43)

COn
(n = 55)

Sick leave (days) 0.26
(0.6; 0–2)

0.78
(1.6; 0–9)

0.44
(1.6; 0–10)

0.71
 (1.6; 0–8)

U:  
A:

0.239 
0.642

Episodes of sick leave 0.26
(0.6; 0–2)

0.58
(1.4; 0–9)

0.42
(1.6; 0–10)

0.47
(1.1; 0–6)

U:  
A:

0.445 
0.977

Data are expressed in mean (SD; range).
Abbreviations: INT = intervention, CON = control, U= unadjusted P value, A = P value adjusted for baseline.

table 6: Psychological well-being (stress, anxiety, and depression) as assessed using DASS-21 
Outcome baselinea 6 monthsa Mean 

differenceb
P value

int
(n = 43)

COn
(n = 55)

int
(n = 43)

COn
(n = 55)

Stress 5.4
(3.9; 0–13)

4.3
(3.2; 0–14)

3.0
(2.7; 0–10)

3.6
(2.4; 0–9)

- 0.593
(-1.7 to 0.5)

U:  
A:

0.266
0.148

Anxiety 4.2
(2.9; 0–11)

3.6
(3.1; 0–14)

3.1
(3.1; 0–10)

3.1
(2.3; 0–9)

- 0.018
(-1.1 to 1.1)

U:
A: 

0.976
0.337

Depression 3.4
(3.4; 0–16)

3.2
(2.8; 0–9)

2.1
(2.6; 0–9)

2.5
(2.7; 0–11)

-0.431
(-1.5 to 0.7)

U:  
A:

0.437
0.773

aData are expressed in mean score (SD; range). bDifference between 6 months of INT and CON in mean score (95% CI). 
Abbreviations: DASS = Depression Anxiety Stress Scale, INT = intervention, CON = control, U= unadjusted P value, A = P value 
adjusted for baseline.

Number of days and episodes of sick leave and 
psychological well-being
 The unadjusted and adjusted effects of the 
intervention showed no significant differences 
between groups for the number and episodes of 
sick day outcomes (Table 5). Although mean score 
differences were found between the 2 groups for 
stress (-0.593, 95% CI -1.7 to 0.5), anxiety (-0.018, 
95% CI -1.1 to 1.1), and depression (-0.431, 95% 
CI -1.5 to 0.7) during the follow-up, these effects 
were not statistically significant (Table 6).

Discussion
 
 The findings of this study suggest that 
training improved workstation habits with respect 
to how workers used their monitor, keyboard, 
mouse, chair, and desk in the intervention 
group at 2 weeks post-intervention. The largest 
improvements were found in the workers’ body 
posture in the back region, thighs, knees, and 
feet while sitting. Significant improvements were 
also found regarding the position of the keyboard, 
workers’ body posture for the elbow, forearms, 
upper arms, wrists, and shoulders when typing. 

The differences between groups during the follow-
up period were significant for the keyboard, mouse, 
chair, and desk. Only 1 significant improvement 
for workstations was found in the control group 
(i.e., monitor use, space for legs under the desk, 
and location of items on desk). Our findings are 
consistent with other studies that have found that 
ergonomics training improved workstation habits 
(30,37,38).
 The intervention group scored consistently 
lower values for all outcomes during the follow-
up, although the difference was not statistically 
significant for the upper back. The largest 
percentage reduction was found for the neck, 
followed by the left upper and lower limbs. 
This outcome is in agreement with the findings 
of other studies that reported reductions in 
MSDs among computer users after attending                                
training (32,38). It was also supported by the fact 
that the respondents had positive improvements 
on workstation habits, especially in how they sat 
and used keyboards, which may reduce the risk of 
developing neck, back, and other upper extremity 
disorders.
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 The improvements in MSDs did not 
translate into fewer days lost from work. We are 
not sure whether the reduction of MSDs had an 
effect on the number and episodes of sick leave 
among workers. We measured a reduction in the 
symptoms’ frequency but not the severity and 
duration of pain among respondents. Therefore, it 
was unclear whether training reduced MSDs and 
resulted in fewer sick days among respondents. 
Similarly, intervention had no effect on workers’ 
psychological well-being. The lack of significant 
changes on depression, anxiety, and stress, 
assessed by the DASS-21 questionnaire, may 
have been due to a floor effect. As a whole, the 
samples did not demonstrate a significant level 
of depression, anxiety, and stress at the baseline, 
and this did not change over the course of the 
study. Our findings did not agree with the results 
of Bohr (29), who reported that training improved 
the health status and reduced the respondents’ 
psychosocial work stress perceptions among 
those who received the education programs. The 
researcher was not sure whether the decrease 
of psychosocial work stress was caused by the 
improvement in the work area configuration or 
the improvement in the worker’s posture.
 The present study provided evidence that 
training had a positive impact on the workers’ 
musculoskeletal disorders at a 6-month follow-
up. Several studies conducted on the effectiveness 
of office ergonomic training on MSDs included a 
follow-up at 12th month. These studies provided 
evidence of a long-term positive effect of training 
on MSDs. The current researchers are also 
interested in conducting a follow-up at 12th 
months to determine the impact of training on 
musculoskeletal disorders, number of days and 
episodes of sick leave, and psychological well-
being.
 Contamination between individuals from the 
same clusters may influence the outcome effect. In 
addition, transfer of knowledge between clusters 
might occur during social interactions or from 
workers who were from the same geographical 
area but in different locations (i.e., buildings). 
We did not adjust for confounding effects, such 
as age, years of working with computers, or hours 
spent typing, in the analysis of the effects of the 
intervention. Although these confounding effects 
might influence the outcome, they were fairly 
well balanced at baseline by the randomisation 
process. The strength of our study was the 
randomisation of groups for intervention and 
control, which is the most efficient way to control 
for the effects of known and unknown confounding 
effects. However, blinding the respondents and 

the researchers could have helped reduced the 
responder and observer biases.

Conclusion
 
 The current study was a preliminary report 
to determine the effectiveness of office ergonomic 
training to reduce MSDs in UTM. We found that 
office ergonomic training improved workstation 
habits and reduced MSDs among office workers. 
We hope that the results will benefit the UTM staff 
because they demonstrate to the management that 
inexpensive ergonomic training had a positive 
impact on the safety and health of office workers. 
University management can actively participate 
in both training and investing in adjustable 
furniture for office workers. Further research 
that combines training and the use of adjustable 
furniture in UTM is recommended in the future.
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Abstract
 Background: Lower respiratory tract infections are among the most common infectious 
diseases of humans worldwide and continue to be a major cause of morbidity in nigeria. this study 
focused on determining the microbial agents of lower respiratory tract infections, the effect of age 
and gender on its prevalence, and the susceptibility profile of bacterial isolates.
 Methods: Sputum specimens were collected from 1539 patients with symptoms of lower 
respiratory tract infections. the sputum specimens were processed to recover microbial aetiologic 
agents and susceptibility profiles of bacterial isolates were determined using standard techniques.
 Results: An overall prevalence of 18.91% of lower respiratory tract infections was observed 
in this study. there is no difference in the prevalence of lower respiratory tract infection between 
the genders (P = 0.649). The prevalence of lower respiratory tract infections increases significantly 
with age (P < 0.001), with patients 71 years and older having the highest prevalence. Klebsiella 
pneumoniae was the most predominant isolate causing lower respiratory tract infection while 
Acinetobacter species were the least predominant isolate. The fluoroquinolones, β-lactams, and 
gentamicin showed moderate to high activity.
 Conclusion: Gender did not affect the prevalence, but age did.  β-lactams, fluoroquinolones, 
and gentamicin were the most active antibacterial agents and, therefore, the drugs of choice in 
treating lower respiratory tract infections in our setting.

Keywords: aetiology, antibacterial agents, clinical microbiology, Nigeria, prevalence, respiratory tract infections 

Introduction

 Lower respiratory tract infections (LRTIs) 
are among the most common infectious diseases 
affecting humans worldwide (1). They are 
important causes of morbidity and mortality 
for all age groups, and each year approximately 
7 million people die as a direct consequence of 
acute and chronic respiratory infections (2). In 
Nigeria, LRTIs continue to be the major cause of 
morbidity (3). Age, gender, and season are factors 
that have been implicated to affect the prevalence 
of    LRTIs (4).
 The aetiologic agents of LRTIs vary from 
area to area (2,5), so the susceptibility profile 
will also differ between geographical locations. 
Knowing the local susceptibility profile is 
important, as antimicrobial therapies for LRTIs 
are frequently empirical and presumptive (2). 
Current knowledge of the organisms that cause 
LRTIs and their antibiotic susceptibility profiles 

are therefore necessary for the prescription of 
appropriate therapy. This study was conducted 
to determine the microbial agents of human 
respiratory tract infections, the effect of age 
and gender on the prevalence of LRTIs, and the 
susceptibility pattern of bacterial isolates.

Subjects and Methods

Study population
 A retrospective laboratory record review 
was undertaken. This study recruited a total 
of 1539 patients with symptoms of LRTIs who 
visited the chest clinic of the University of Benin 
Teaching Hospital, Benin City, Nigeria, between                                       
1 February 2007 and 30 July 2010; 841 patients 
were men and 698, women. The age range of the 
patients was between 2 and 98 years. Exclusion 
criteria included antibiotic usage within 1 week 
prior to clinic visit, positive for HIV, or sputum 
smear positive for acid-fast bacilli. Verbal 
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table 2: Effect of age on the prevalence of lower respiratory tract infections

Age 
(years)

 Male Female total 
no. 

tested
no. positive 
growth (%)

no. 
tested

no. positive 
growth (%)

no. 
tested

no. positive 
growth (%)

1–10    38     5 (13.16)    34 9 (26.49)   72 14 (19.44)
11–20    77     3 (3.90)    38 6 (15.79) 115    9 (7.88)
21-30  233  43 (18.45)  220 26 (11.82) 453 69 (15.23)
31-40  265  58 (21.89)  206 35 (16.99) 471 93 (19.75)
41-50    88  27 (30.68)    82 14 (17.07) 170 41 (24.12)
51-60    81  17 (20.99)     71 16 (22.54) 152 33 (21.71)
61–70    41     4 (9.76)    30 11 (36.67)   71 15 (21.13)
>  71    18    6 (33.33)     17 11 (64.71)   35 17 (48.57)
Age versus positive growth: χ2= 37.484, P < 0.001

informed consent was obtained from each patient 
or their parents/guardians (for children) prior to 
specimen collection. The Ethical Committee of 
University of Benin Teaching Hospital approved 
this study.

Specimen collection and processing
 Early morning sputum specimens, or for 
children, transtracheal aspirates, were collected 
from each patient into wide-mouthed sterile 
containers and transported to the laboratory. 
Films were made from the sputum specimens 
and stained by Gram’s method. The presence of 
numerous pus cells confirms true sputum and 
only such specimens were cultured. Each sputum 
sample was inoculated on chocolate, blood, 
and MacConkey agar plates. The plates were 
incubated at 37 0C for 24–48 hours. Emergent 
colonies were identified using standard methods 
(6). Susceptibility tests were performed on 
significant bacterial isolates using the British 
Society for Antimicrobial Chemotherapy 
(BSAC) standardized disc susceptibility testing             
method (7).

Statistical analysis
 The data obtained were analyzed with         
chi-square (χ2) test using the INSTAT® statistical 
software (GraphPad Software Inc, San Diego, CA, 
USA).

Result

 A total of 291 (18.91%) out of 1539 sputum 
samples yielded significant growth. There were 
no significant differences in the prevalence 
of LRTIs (P = 0.649) and mixed infections                                             
(P = 0.196) between men and women (Table 1). 
The prevalence of LRTIs increased significantly 
(P < 0.001) with age, with the age group of                                     
71 years and older having the highest prevalence, 
48.57% (Table 2). Generally, Klebsiella 
pneumoniae (30.16%) was the predominant 
isolate recovered, followed by Haemophilus 
influenzae (17.05%), Staphylococcus aureus 
(15.41%), and Acinetobacter species (0.66%).           
K. pneumoniae was also the predominant isolate 
in both genders. S. aureus was the second 
most predominant isolate in women, whereas                                                        

table 1: Effect of gender on the prevalence of lower respiratory tract infections 
Gender no. tested no. positive 

growth (%)
no. with mixed 

growth (%)
Male    841 163  (19.38) 5  (3.07)
Female    698  128  (18.34) 9  (7.03)
total 1539 291 (18.91) 14 (4.81)
Gender versus positive growth: χ2= 0.207, P= 0.649
Gender versus mixed growth: χ2= 1.670, P= 0.196
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table 3: Aetiologic agents in lower respiratory tract infections
Organisms Males (%) Females (%) total (%)
Escherichia coli     6 (3.60) 7 (5.12) 13 (4.26)
Klebsiella pneumoniae 47 (27.98) 45 (32.85) 92 (30.16)
Citrobacter species     5 (2.98) 4 (2.92) 9  (2.95)
Enterobacter  species      2 (1.19) 1 (0.73) 3 (0.98)
Proteus species  18 (10.71) 5 (3.65) 23  (7.54)
Providencia species      5 (2.98) 5 (3.65) 10 (3.29)
Acinetobacter species      1 (0.60) 1 (0.73) 2 (0.66)
Alcaligenes species      6 (3.60) 6 (4.38) 12 (3.93)
Pseudomonas aeruginosa      9 (5.36) 5 (3.65) 14 (4.59)
Haemophilus influenza 31 (18.45) 21 (15.33) 52 (17.05)
Staphylococcus aureus  24 ( 14.29) 23 (16.79) 47 (15.41)
Streptococcus pneumoniae       1 (0.60) 5  (3.65) 6 (1.97)
Candida albicans     13 (7.74) 9 (6.57) 22  (7.21)
total 168 (55.08) 137 (44.92) 305 (100)

H. influenzae was the second most predominant 
isolate in men (Table 3). K. pneumoniae and 
Candida albicans were isolated from 5 patients, 
making them the highest combination of mixed 
infection, while the followings were isolated 
from 1 patient each: Proteus species and                                                                                                            
K. pneumoniae, K. pneumoniae and Enterobacter 
species, K. pneumoniae and Providencia 
species,  Escherichia coli and C. albicans, E. coli 
and Proteus species, Citrobacter species and 
Alcaligenes species, Citrobacter species and 
Proteus species, H. influenzae and C. albicans, 
and H. influenzae and S. aureus.
 The susceptibility profile of bacterial isolates 
is shown in Table 4. The fluoroquinolones 
(ofloxacin, ciprofloxacin), β-lactams (amoxicillin-
clavulanate, cefuroxime, cetazidime, ceftriaxone), 
and gentamicin showed moderate to high activity. 
Sulfamethoxazole-trimetroprim, tetracycline, 
erythromycin, and cloxacillin showed no activity 
against any bacterial isolates. 

Discussion

 The aetiologic agents of LRTIs vary from 
area to area, and the bacterial aetiology as well 
as their susceptibility pattern will be useful in the 
management of this infection. This study focused 
on determining the prevalence of microbial 
aetiology of LRTIs and their susceptibility profile.

 A total of 291 (18.91%) of the 1539 sputum 
specimens yielded clinically significant pathogens. 
This prevalence is lower than the figures in 
previous reports: 59.4% (2), 47.2% (3), and 27.0% 
(8). Among children with diarrhea, prevalence of 
the infection varied with geographical locations, 
regions within the same country, and even 
over time in the same location and population 
(9). Indeed, the Ozyilmaz et al.’s study (2) was 
conducted in Turkey, the Egbagbe and Mordi’s 
study (3) was conducted in University of Benin 
Teaching Hospital, Benin City, Nigeria, while 
the Okesola and Ige’s study (8) was conducted in 
Ibadan in Nigeria.
 Previous reports had also indicated higher 
prevalence of LRTIs in women than in men (3,8). 
However, in this study the prevalence of LRTIs did 
not differ significantly between men and women. 
The prevalence of LRTIs was significantly higher 
in patients 71 years and older. People within this 
age group may have lower immunity due to age 
(10) or other ailments that may compromise the 
immune system, which may explain the high 
prevalence observed in this study.
 K. pneumoniae was the most predominant 
isolate recovered from patients with LRTIs. 
This is in agreement with previous  studies 
(3,8); however, another study (2) reported                                                                           
H. influenzae as the most prevalent.   Acinetobacter 
species have been associated with hospital-
acquired pneumonia (1), but as our subjects were 
outpatients, the Acinetobacter species recovered 
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table 4: Susceptibility profiles of bacterial agents of lower respiratory tract infections

Organisms 
 Antibacterial agents (μg/disc)

OFX
(5)

CiP
(5)

Cn
(10)

AUG
(30)

SXT
(25)

Ob
(5)

te
(10)

CXM
(30)

C
(10)

e
(5)

CrO
(30)

CAZ
(30)

Escherichia 
coli  
(n = 13)

    13
(100.0)

    13
(100.0)

    13
(100.0)

    13
(100.0)

  0
(0.0) ND

  0
(0.0)

     11
  (84.6)

   0
(0.0) ND

   12
(92.3)

11
  (84.6)

Klebsiella 
pneumonia
(n = 92)

   88
  (95.6)

    86
  (93.5)

    79
  (85.9)

    86
  (95.6)

  0
(0.0) ND

  0
(0.0)

    86
  (93.5)

   0
(0.0) ND

84
 (91.3)

81
  (88.0)

Citrobacter 
species 
(n = 9)

 9
(100.0)

9
(100.0)

6
  (66.7)

0
    (0.0)

  0
(0.0) ND

  0
(0.0)

9
(100.0)

   0
(0.0) ND

7
 (77.8)

5
  (55.6)

Enterobacter  
species   
(n = 3)

 3
(100.0)

3
(100.0)

0
    (0.0)

0
    (0.0)

  0
(0.0) ND

  0
(0.0)

3
(100.0)

   0
(0.0) ND

3
(100.0)

 3
(100.0)

Proteus species 
(n = 23)

   23
(100.0)

    19
  (82.6)

    17
  (73.9)

    19
  (82.6)

  0
(0.0)

ND
  0
(0.0)

    19
  (82.6)

   0
(0.0)

ND
10

  (43.5)
10

(43.5)

Providencia 
species     
(n = 10)

    10
(100.0)

8
  (80.0)

6
  (60.0)

    10
(100.0)

  0
(0.0) ND

  0
(0.0)

8
  (80.0)

    3
(30.0) ND

6
  (60.0)

 6
  (60.0)

Acinetobacter 
species   
( n = 2)

2
(100.0)

2
(100.0)

1
  (50.0)

    10
(100.0)

  0
(0.0) ND

  0
(0.0)

1
  (50.0)

   0
(0.0) ND

1
(50.0)

0
(0.0)

Alcaligenes 
species   
(n = 12)  

   10
(83.3)

 8
  (66.7)

7
  (58.3)

    10
  (83.3)

  0
(0.0) ND

  0
(0.0)

8
  (66.7)

   0
(0.0) ND

8
(66.7)

7
(58.3)

Pseudomonas 
aeruginosa 
(n = 14)

    14
(100.0)

 2
  (85.7)

    10
   (71.4)

6
  (42.9)

  0
(0.0) ND

  0
(0.0)

 0
     (0.0)

   0
(0.0) ND

9
(64.3)

6
(42z.9)

Haemophilus 
influenzae 
(n = 52)

   52
(100.0)

    50
  (96.2)

    50
  (96.2)

    47
  (90.3)

  0
(0.0) ND

  0
(0.0)

    45
  (86.5)

   0
(0.0) ND

48
(92.3)

 47
(90.4)

Staphylococcus 
aureus 
(n = 47)

   47
(100.0)

   43
(91.45)

    39
  (83.0)

    41
  (67.2)

  0
(0.0)

  0
(0.0)

  0
(0.0)

    44
  (93.6)

   0
(0.0)

  0
(0.0)

43
 (91.5)

 40
(85.1)

Streptococcus 
pneumoniae 
(n = 6)

 6
(100.0)

6
(100.0)

0
    (0.0)

6
(100.0)

  0
(0.0)

  0
(0.0)

  0
(0.0)

5
  (83.3)

   0
(0.0)

  0
(0.0)

5
 (83.3)

5
(83.3)

Data are expressed in number of susceptible isolates (percentage susceptibility). 
Abbreviations: OFX = ofloxacin, CIP = ciprofloxacin, CN = gentamicin, AUG = amoxycillin/clavulanate,  SXT = cotrimoxazole,     
OB = cloxacillin, TE = tetracycline, CXM = cefuroxime, ND = not done, C = chloramphenicol, E = erythromycin, CRO = ceftriaxone, 
CAZ = ceftazidime.   

in this study may be associated with community-
acquired LRTIs. Further investigation is required 
to verify this result, as many patients come to 
our centre after visiting either public hospitals 
or primary and secondary care hospitals. Other 
microbial agents recovered in this study have been 
reported to be associated with LRTIs (1–3,8).

 The susceptibility pattern of the bacterial 
isolates revealed that β-lactams, gentamicin, 
and flouroquinolones were very active against 
the bacterial isolates. This is surprising as sales 
of antibiotics without prescriptions are rife in 
Nigeria (11,12). However, sulfamethoxazole-
trimetroprim, tetracycline, cloxacillin, and 
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erythromycin were not active against any bacterial 
isolate, while only 30% of Providencia species 
were susceptible to chloramphenicol. This may 
indicate resistance has evolved due to long-term 
use of these quite affordable antibacterial agents 
in the community. The fluoroquinolones are 
contraindicated in children and pregnant women, 
while ceftriaxone, ceftazidime, and cefuroxine are 
very expensive. Gentamicin has toxic side effect in 
patients with renal impairment, so amoxicillin/
clavulanate appears to be the drug of choice, 
depending on the bacterial isolates.

Conclusion

 An overall prevalence of 18.91% of LRTIs was 
observed in this study. Gender did not affect the 
prevalence of LRTIs. Patients of 71 years and older 
have a significantly higher prevalence of LRTI 
compared with other age groups. K. pneumoniae 
is the most predominant bacteria isolates. 
β-lactams, fluoroquinolones, and gentamicin 
were the most active antibacterial agents. This 
study highlights the aetiology of LRTIs and the 
bacteria susceptibility profiles may be helpful for 
empiric therapy. 
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Abstract
 Background: intraLASiK is a LASiK surgery that involved intraLase femtosecond laser for 
the corneal flap creating. The objective of this research was to investigate and compare the changes 
in tear status at 1 and 3 months after undergoing conventional intraLASiK with bausch & Lomb 
PlanoScan (PS) algorithm, bausch & Lomb Zyoptix tissue Saving (ZtS) algorithm, and wavefront-
guided (WG) IntraLASIK with VISX CustomVue.  
 Methods: tear status of 36 patients who were divided into 3 groups depending on the type 
of intraLASiK they underwent (PS, n = 13; ZtS, n = 9; WG, n = 14) was evaluated. tear status was 
determined by classifying the category of the thickness of pre-corneal tear lipid layer, non-invasive 
tear break-up time, and tear meniscus height. repeated measures analysis of variance (AnOVA) and 
one way AnOVA were used for the statistical analyses.
 Results: the category of the thickness of tear lipid layer, non-invasive tear break up time and 
tear meniscus height were neither significantly changed after IntraLASIK for all groups nor showed 
significant difference among groups at 1 and 3 months post-IntraLASIK (P > 0.05). blinking rate and 
palpebral aperture also had no significant changed after IntraLASIK.
 Conclusion: both conventional (PS and ZtS) and WG intraLASiK did not affect tear status 
up to 3 months post-intraLASiK. WG intraLASiK did not show superiority in preserving tear status 
1 and 3 months post-surgery compared with conventional intraLASiK. 

Keywords: laser, LASIK, ophthalmology, refractive surgery, side effects, tear

Introduction

 Laser in situ keratomileusis (LASIK) 
has provided patients with fast and relatively 
painless recovery of vision, lower probability of 
regression of refractive correction, and absence 
of subepithelial haze (1). However, LASIK has 
been shown to affect the health of the ocular 
surface by decreasing corneal sensation (2), tear 
secretion, tear quality, corneal and conjunctival 
epithelial integrity, and conjunctival goblet cell 
density (3). As a consequence, these alterations 
decrease tear film stability (4), which may lead 
to dry eye symptom during the first 6 months                                                                          
post-surgery (1,2,5,6). Asians have been reported 
to be more prone to having dry eyes after LASIK 
surgery compared with Caucasians (7). The 

prevalence of myopia is much higher in Asians 
than in Caucasians (8,9) and appears to be 
increasing in urbanised Asian communities (10). 
Presently, LASIK continues to be the dominant 
refractive surgery procedure for myopia (11), and 
therefore it is likely that an increasing number of 
myopic Asians will opt for LASIK for refractive 
correction. Advancement of the technology in 
refractive surgery, such as the improvements 
in machine features and the introduction of 
IntraLase femtosecond laser and wavefront-
guided LASIK, can minimise the risk of having 
dry eye symptom after LASIK surgery.
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 Wavefront-guided (WG) LASIK uses 
customized laser ablation with the help of 
aberrometer to treat visual problems, including 
higher-order aberrations. This method provides 
better vision quality  than conventional LASIK 
(12,13). With the availability of various ablation 
sizes, WG laser is able to save more corneal 
tissue compared with several conventional LASIK 
procedures. Both Bausch & Lomb PlanoScan 
(PS) algorithm and Zyoptix Tissue Saving (ZTS) 
algorithm are examples of conventional LASIK 
procedures, which treat defocus and astigmatism 
measured from subjective refraction method. 
ZTS have been shown to reduced ablation                         
depth (14) with availability of smaller ablation 
size and truncated Gaussian laser beam compared 
with PS. The lower ablation depth minimized the 
injury to the corneal layer during the surgery and 
reduced the risk of post-LASIK dry eye.
 As such, a study was conducted in Vista 
Laser Eye Center, Petaling Jaya, Malaysia, where 
the demand of the LASIK surgery is increasing in 
recent years. In this study, the tear characteristics 
before and after LASIK surgery in which IntraLase 
femtosecond laser was used to create the corneal 
flap (IntraLASIK) was assessed. The aim of this 
study was to investigate the changes of tear status 
and compare the tear status among 3 IntraLASIK 
procedures at 1 and 3 months post-IntraLASIK. 
The study also aimed to find out whether the 
improvement of the methods or techniques could 
minimize the complications caused by LASIK.

Subjects and Methods

 A total of 36 patients who gave written 
informed consent were recruited in this 
prospective, longitudinal, and non-randomized 
study. The study was approved by Universiti 
Kebangsaan Malaysia (UKM) Research Ethics 
Committee (UKM 1.5.3.5/244/SPP2, 24 July 
2006) and was conducted according to the tenets 
of Declaration of Helsinki.

The eligibility criteria were as follows:
 • age between 20 and 35 years;
 • no autoimmune, metabolic, or 

uncontrolled systemic disease;
 • no active disease of the external eye or 

adnexae;
 • no intraocular disease;
 • no degenerative or neurotrophic corneal 

disease;
 • no pre- or post-operative use of topical 

medications other than those prescribed;
 • no previous ocular surgery or trauma;

 • not pregnant, expecting to become 
pregnant within 6 months following the 
LASIK procedure, or breastfeeding;

 • stable refraction for at least 12 months 
within ± 0.50 D prior to LASIK;

 • refractive error within -1.00 DS and 
-12.00 DS and maximum astigmatism of 
-4.00 D;

 • stable keratometry and pachymetry 
following cessation of contact lens wear;

 • no lenticular opacities identified before 
or after surgery that were deemed to 
have a significant effect on the refractive 
outcome; and

 • compliant with prescribed tear film and 
ocular surface management before and 
after surgery.

Patients who failed to attend all the visits and 
undergo all the clinical examinations required 
were excluded from this study.
 All LASIK procedures were performed by 
two ophthalmologists in Vista Eye Laser Center, 
and the clinical examinations were performed by 
an optometrist who was blinded to what type of 
LASIK surgery patients underwent. The patients 
were divided into 3 groups depending on the type 
of LASIK surgery they underwent: conventional 
LASIK with PS or ZTS, and WG LASIK with VISX 
CustomVue. IntraLase femtosecond laser (FS30) 
was used to create the corneal flap for all the 
patients. The decision on the type of IntraLASIK 
to be performed on each subject was based on 
the ophthalmologist’s recommendation, which 
depended on subject’s refractive error, corneal 
layer thickness, pupil size, and subject’s individual 
expectation of the surgery outcome.  If the subject 
was eligible for all 3 procedures, the decision 
would depend on subject’s preference and the 
procedure’s affordability.
 The excimer laser platform used for PS and 
ZTS was Bausch & Lomb Technolas 217z; for WG, 
VISX STAR S4TM. A 6.0-, 6.5-, or 7.0-mm ablation 
zone was selected based on the available corneal 
stroma thickness and pupil size. Corneal flap with 
100- or 110-µm thickness and 90° superior hinge 
was created by IntraLase femtosecond laser. After 
surgery, all patients were given dexamethasone 
(0.1%) every 2 hours on the first day and 2 times 
daily for a week, moxifloxacin hydrochloride (5.45 
mg) every 4 hours on the first day and 4 times 
daily for a week, and artificial tear every hour 
on the first day and 4 times or more daily for a 
month. All subjects had finished their medication 
with a minimum of 1 day before their 1-month 
post-IntraLASIK visit.
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 The tear status of the patients was assessed 
1 week pre-surgery (baseline) as well as 1 and 3 
months post-surgery. The clinical examination 
of tear status included classifying the category 
of thickness of pre-corneal tear lipid layer, non-
invasive tear break-up time (NITBUT), and 
tear meniscus height (TMH). Blinking rate and 
palpebral aperture of patients were also measured 
at every visit.
 Keeler Tearscope Plus was used to determine 
the category of the thickness of the pre-corneal 
tear lipid layer. The thickness of the tear lipid 
layer was divided into 5 categories based on the 
overall interference pattern on the tear lipid layer: 
(1) no lipid layer, (2) open/closed meshwork 
(up to 50 nm), (3) wave/flow (50 to 80 nm), (4) 
amorphous (80 to 90 nm), and (5) colour fringes 
(more than 90 nm). NITBUT was also measured 
by using Keeler Tearscope plus by observing 
the grid image on patient’s eye. NITBUT was 
recorded as the interval between the last complete 
blink and the first appearance of a distortion on 
the grid image. Three readings were recorded; 
each new reading was taken after the patients 
had closed their eyes for 1 minute. TMH was 
measured using slit lamp biomicroscope; 25 times 
magnification and 0.3 mm slit height were used to 
guide the measurement. Only 1 reading was taken 
for each eye as the light from the slit lamp can 
cause tear stimulation, which will affect the study 
result. Blinking rate was taken while the patient 
was reading a distance chart for 1 minute, and 
palpebral aperture was measured using a ruler.
 Statistical analyses were performed with 
SPSS 12.0 (SPSS Inc., Chicago, IL). Distributions 
of the data was determined first by using Shapiro–
Wilk test and the skewness of the data; repeated 
measures analysis of variance (ANOVA) was used 
on the results with normally distributed data 
while Friedman test was used on non-normally 
distributed data or results with categorical 
variables to determine the significance of the 
changes in tear status after IntraLASIK. In order 
to determine the significance of the differences 
among the 3 groups, one way ANOVA was used 
for normally distributed data while Kruskal–
Wallis test was used for non-normally distributed 
data.

Results

 All 36 patients underwent bilateral 
IntraLASIK: 13 patients underwent conventional 
LASIK with PS, 9 patients underwent conventional 
LASIK with ZTS, and 14 patients underwent WG 
LASIK with VISX CustomVue. Only the result 
for the right eye was taken for this study. There 
were no intra- or post-operative complications 
up to 3 months of examination in this series of 36 
eyes. The means of age and spherical equivalent 
for each group are shown in Table 1. There was 
no significant age difference among the 3 groups            
(F (2, 33) = 0.345, P = 0.711), but the PS group had 
significantly lower spherical equivalent refraction 
before LASIK compared with the other 2 groups 
(one-way ANOVA, P = 0.045). All patients 
attended their 1- and 3-month post-IntraLASIK 
visits.
 There were no statistically significant 
differences among all 3 visits for all the 
parameters measured for the PS group, as shown 
in Table 2. NITBUT showed some increment 
at 1 and 3 months post-IntraLASIK, but the 
difference is not statistically significant. Blinking 
rate and palpebral aperture also did not change 
significantly at 1 and 3 months post-IntraLASIK. 
The ZTS group and WG group also showed no 
statistically significant changes at 1 and 3 months 
post-IntraLASIK in NITBUT, TMH, category of 
the thickness of tear lipid layer, blinking rate, and 
palpebral aperture, as shown in Table 3 and 4.
 A comparison among the 3 groups at 1 month 
post-IntraLASIK shows no statistically significant 
differences for all the tear-related parameters 
measured, as shown in Table 5. All groups also 
showed no statistically significant differences 
at 3 months post-IntraLASIK (shown in                                                                                                    
Table 5), although PS group had significantly 
lower spherical equivalent refraction before 
surgery compared with the other 2 groups.
 There were no differences among the medians 
of the lipid thickness category of all groups at                        
1 and 3 months post-IntraLASIK. However, based 
on the distribution of tear lipid layer thickness 
categories, there were increments in the subject 
number in thinner categories (less than 50 nm) for                 
PS group (at 1 and 3 months post-IntraLASIK) 
and ZTS group (at 3 months post-IntraLASIK), as 
shown in Figure 1; such increment was not seen 
in WG group.  On the other hand, WG group had 
an increment in the subject number in thicker 
categories (more than 80 nm) after IntraLASIK, 
and such increment was not seen in PS and ZTS 
groups.
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table 2: Tear status outcomes for PlanoScan (PS) group at baseline, 1 month, and 3 months post-
IntraLASIK

type of test n baseline Post-intraLASiK P value
1 month 3 months

NITBUT (s) 13 14.55 (9.05) 17.99 (5.84) 22.59 (13.38) 0.152 b

TMH (mm) 13 0.22 (0.06) 0.20 (0.06) 0.20 (0.06) 0.679 b

Lipid thickness
(category)a

13 3 (2 to 5) 3 (2 to 4) 3 (2 to 5) 0.446 c

Blinking rate  (no./ min) 13 12.85 (9.53) 14.46 (10.71) 15.69 (11.39) 0.511 b

Palpebral aperture (mm) 13 10.00 (0.65) 9.69 (0.95) 9.73 (1.15) 0.455 b

Data are expressed in mean (SD) with exception of a lipid thickness, in median (range). b Repeated measures ANOVA           
and c Friedman test were conducted.

table 3: Tear status outcomes for Zyoptix Tissue Saving (ZTS) group at baseline, 1 month, and   
3 months post-IntraLASIK

type of test n baseline Post-intraLASiK
P value

1 month 3 months
NITBUT (s) 9 14.82 (5.22) 12.87 (8.40) 15.44 (9.18) 0.781 b

TMH (mm) 9 0.19 (0.07) 0.15 (0.03) 0.18 (0.04) 0.189 b

Lipid thickness
(category)a

9 3 (2 to 4) 3 (2 to 3) 3 (2 to 3) 0.472 c

Blinking rate  (no./ min) 9 15.33 (8.70) 14.22 (8.23) 18.56 (8.76) 0.283 b

Palpebral aperture (mm) 9 10.17 (0.71) 9.56 (0.58) 9.56 (0.68) 0.054 b

Data are expressed in mean (SD) with exception of a lipid thickness, in median (range). b Repeated measures ANOVA           
and c Friedman test were conducted.

table 1: Means of age and spherical equivalent of subjects
type of 
LASiK

n Age (year) Spherical 
equivalent (D)

range

Mean   
(SD)

range Mean   
(SD)

range Sphere 
(D)

Cylinder 
(-)(D)

PS 13 27.6  
  (3.9) 22–35 -4.43               

  (2.36)
-10.38 to   

-1.88
-8.75 to 
-1.75

0.00 to 
3.25

ZTS 9 27.7 
  (4.7) 22–35 -6.24       

  (1.93)
-9.38 to
-4.25

-9.00 to 
-4.00

0.00 to 
2.00

WG 14 28.9
  (4.4) 21– 35 -6.73  

  (3.13)
-12.50 to 
-2.75

-11.50 to 
-2.50

0.00 to 
2.00

P value* 0.711 0.045
* One-way ANOVA 

Abbreviations: PS = PlanoScan algorithm, ZTS = Zyoptix Tissue Saving algorithm, WG = wavefront-guided.
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table 5: P values in the comparison of tear status assessments among PS, ZTS, and 
WG groups at baseline, 1 month, and 3 months post-IntraLASIK

type of test baseline
Post-intraLASiK

1 month 3 months
NITBUT (s) 0.620 a 0.442 a 0.180 a

TMH (mm) 0.575 a 0.167 a 0.726 a

Lipid thickness (category) 0.203 b 0.478 b 0.430 b

Blinking rate (no./ min)) 0.661 a 0.986 a 0.767 a

Palpebral aperture (mm) 0.902 a 0.651 a 0.342 a

a One-way ANOVA and b Kruskal–Wallis test were conducted.

Figure 1: Frequency distribution of tear lipid layer thickness categories
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table 4: Tear status outcomes for wavefront-guided (WG) group at baseline, 1 month, and 3 months
post-IntraLASIK

type of test n baseline Post-intraLASiK
P value

1 month  3 months
NITBUT (s) 14 17.46 (9.19) 16.43 (11.84) 15.00 (10.21) 0.622 b

TMH (mm) 14 0.26 (0.22) 0.20 (0.09) 0.20 (0.08) 0.195 b

Lipid thickness (category)a 14 3 (2 to 5) 3 (2 to 5) 3 (2 to 5) 0.846 c

Blinking rate  (no./ min) 14 15.93 (8.94) 14.86 (8.16) 16.71 (6.43) 0.565 b

Palpebral aperture (mm) 14 10.14 (1.31) 9.96 (1.39) 10.25 (1.45) 0.404 b

Data are expressed in mean (SD) with exception of a lipid thickness, in median (range). b Repeated measures ANOVA                                         
and c Friedman test were conducted. 
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Discussion

 All assessments involved in this research 
were non-invasive as the cornea layer needs 
minimal disruption during its healing process. 
NITBUT and tear lipid layer thickness were used 
to check the tear quality and stability, and TMH 
was used to monitor the tear quantity.  This 
study assessed the tear parameters at 3 visits                                                   
(i.e., 1 week pre-IntraLASIK, 1 and 3 months 
post-IntraLASIK) to determine the effects of the 
IntraLASIK on patients’ tear status.
 Subjects who underwent conventional 
LASIK with PS showed no significant changes 1 
and 3 months post-LASIK in TMH, NITBUT, and 
category of tear lipid layer thickness. There was 
a study that reported subjects having dry eye 1 
month post-LASIK surgery (1), but the research 
used more invasive test, such as fluorescein 
tear break-up time and Schirmer test. Yu et al. 
(15) also showed lower tear break-up time after 
LASIK that was caused by operative trauma on 
cornea epithelium. In LASIK, the major corneal 
nerve trunks are severed by the microkeratome, 
and the anterior stromal nerves are disrupted by 
photoablation (16). Both processes damage the 
corneal innervation. The reduction in corneal 
neuronal feedback to the brain stem reduces 
brain stem innervation of the lacrimal glands, 
thus diminishing tear production. Corneal 
nerves regenerates post-operatively and corneal 
sensation returns to normal level within 3 to 
6 months (1,17–19). However, another study 
reported that both sub-basal and stromal corneal 
nerves in LASIK flaps recovered slowly and did 
not return to pre-operative densities by 3 years 
post-LASIK (20). Kato et al. (21) also reported that 
the corneal recovery process took up to 9 months, 
while Benitez-del-Castillo et al. (22) reported that 
the tear secretion took up to 9 months for recovery 
after surgery.
 All these studies were conducted before 
2007, and technology in LASIK surgery has 
improved since then. One of the new technologies 
introduced in the recent years is the IntraLase 
femtosecond laser. Femtosecond laser is said to 
reduce the intra-operative risk in LASIK surgery 
and minimize damage to the corneal layer (23).  
This was seen in the present study as there was no 
significant changes in tear status after IntraLASIK 
for PS group.  The IntraLase femtosecond laser 
may play an important role in maintaining the 
tear status after LASIK surgery.
 Although the mean spherical equivalent 
before surgery for PS group was lower than the 
other 2 groups and thus less laser ablation was 

needed, there was no significant difference among 
the groups in terms of their tear quality and 
quantity.    
 ZTS group also showed no significant 
changes in NITBUT and TMH after surgery. This 
group had higher pre-operative mean spherical 
equivalent compared with PS group; however, 
with the introduction of IntraLase and availability 
of smaller laser beam size, the damage caused by 
more laser ablation on cornea could be minimized.
 Based on data from Yu et al. (15), 59.4% of 
subjects who underwent LASIK surgery had dry 
eye symptoms 1 month post-surgery. The reasons 
given were injury to corneal epithelium caused 
by the surgery, toxicity from prescribed eye-
drop, inflamatory responses to the surgery with 
the release of cytokines and immune mediator, 
reduction of corneal sensation that caused lower 
blinking rate, and the changes of corneal contour 
where flatter central corneal surface affects the 
distribution of the tear. However, in the current 
study, the blinking rates were not reduced after 
IntraLASIK in all groups. In fact, there was 
an increment in blinking rate 3 months post-
IntraLASIK for all 3 groups; this could be a 
reaction to reduce the dryness of the eyes.
 IntraLase femtosecond laser was used in this 
study for creating the corneal flap. A consistent 
and thinner corneal flap was created with 
IntraLase (24). The damage to the corneal layer 
could be reduced using this technology. IntraLase 
femtosecond laser also uses disposable suction 
ring, which causes less damages to the conjunctiva 
compared with microkeratome. This may reduce 
the possibility of the changes to the mucin layer in 
tear film, which is produced by conjuctival goblet 
cells. Salomao et al. (25) showed that eyes with 
femtosecond flaps had a lower incidence of LASIK-
associated dry eye and required less treatment for 
the disorder compared with microkeratome.
 WG group had the highest mean pre-
operative spherical equivalent compared with 
the other 2 groups. With the advancement of the 
technology and improvement of the features, WG 
LASIK with VISX CustomVue uses variable laser 
spot size, which could minimize the damage to 
corneal layer caused by laser ablation. This can 
help to preserve the tear quality and quantity. 
From this study, WG group showed no significant 
changes in NITBUT, TMH, and category of tear 
lipid layer thickness, but they also showed no 
difference compared with PS group and ZTS group 
1 and 3 months post-IntraLASIK. The advantage 
of wavefront-guided LASIK in preserving tear 
quality and quantity could not be shown in this 
study.
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 In a study by Patel et al. (26), it was seen that 
the tear lipid layer thickness was reduced after 
LASIK surgery. Although a similar method of 
evaluation of  tear lipid layer thickness was used 
in this study, no significant change in categories 
of tear lipid layer thickness after IntraLASIK was 
seen in any group. PS and ZTS group, which used 
conventional LASIK as Patel’s research, showed 
some increments in the number of subject under 
the categories of less than 50 nm tear lipid layer 
thickness after surgery, but not the WG group. On 
the contrary, WG group showed an increment in 
thicker categories, and the increment was not seen 
in PS and ZTS groups. The flatter corneal contour 
after surgery could affect the distribution of the 
tear lipid layer; however, this was not evident in 
this study. Combination IntraLase and improved 
technology could minimize the damage in the 
corneal layer; this could be the reason the results 
of this study are different from the results of Patel 
et al.’s (26). However, Durrie et al. (27) did show 
that there was no difference in corneal sensation 
recovery between IntraLase and microkeratome.

Conclusion
 
 Tear status of the subjects who underwent 
IntraLASIK were not affected at 1 and 3 months 
post-IntraLASIK. Conventional and WG 
IntraLASIK did not show differences in preserving 
tear quality and quantity after surgery. Therefore, 
this study showed that the tear stability and tear 
quantity were maintained 1 and 3 months post-
IntraLASIK.
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Abstract
 Background: Knee proprioception is compromised in knee osteoarthritis. there are several 
ways of measuring proprioceptive acuity, but there is lack of consensus over the ideal testing 
position. The study aimed to evaluate the influence of 2 testing positions (sitting versus prone lying) 
on proprioceptive knee assessment score in patients with early knee osteoarthritis.
 Methods: the study included 70 subjects who came to the Out-Patient Department with a 
diagnosis of early knee osteoarthritis. the subjects were assessed for their proprioceptive acuity 
scores in both the test positions at 30° and 60° of knee flexion using proprioceptive knee assessment 
device. they were asked to perform 5 trials in both testing positions with appropriate rest intervals. 
After initial assessment, the subjects were randomly allocated among group 1 and group 2. treatment 
implementation was done for 8 weeks followed by re-evaluation: group 1 received context-specific 
proprioceptive retraining along with multijoint coupling strategies and group 2, conventional 
treatment.
 Results: the subjects were compared using difference of pre- and post-treatment 
proprioceptive acuity scores. the difference of proprioceptive acuity impairment scores of the left 
knee at 30° and 60°, and the right knee at 60° in prone lying position were statistically significant, 
with P value ranging from less than 0.001 to 0.028. 
 Conclusion: it was found that the prone lying testing position was more sensitive than sitting 
position for assessing proprioceptive acuity for knee osteoarthritis.  

Keywords: adaptive behavior, knee, patient positioning, proprioception, osteoarthritis
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Introduction
 
 Proprioception is the sense of position and 
movement of the limbs, and it is the result of 
sensory inputs arising from muscle, skin, and 
joint structures (1). It can also be defined as the 
conscious and unconscious awareness of body 
position, movement, and forces acting on the 
body, for which accurate sensory input and central 
integration from peripheral proprioceptors are 
a must (2). Proprioception contributes to the 
development of the motor control and plays a 
major role in the reflex protection of joints against 
potentially harmful forces (1). The proprioceptive 
acuity impairment significantly affects 

neuromusculoskeletal integrity, contributing 
to pain and functional disability (2–4). Knee 
proprioception has consistently been reported 
to be compromised in individuals with knee 
osteoarthritis (3,5–11). This neuromuscular deficit 
has been suggested as the major contributing 
factor to the disease process (7,10–13). However, 
studies have shown that the impairment of 
proprioceptive acuity is not exclusively a local 
result of the disease, and there is a need to study its 
importance in the development and progression 
of knee osteoarthritis (10,11). 
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 There are several ways of measuring 
proprioceptive acuity; one of them is the threshold 
detection of passive movement. However, passive 
movements do not reflect real life movement or 
function; proprioceptive functions in healthy 
and pathological joints are quite variable and 
there is a lack of correlation between different 
measurements of proprioception in the knee            
(14–17). Active assessments by asking the patient 
to replicate limb position, using active movement, 
with vision occluded (16) or by reproducing 
lower limb static loads (15) have been suggested. 
Generally, proprioceptive assessment of the knee 
is done in sitting position (16). However, the ideal 
testing position for proprioceptive assessment 
of the knee is still debatable. One of the reasons 
could be that, during assessment, the subject 
may exhibit an adaptive behaviour to compensate 
for the loss of proprioceptive acuity by using 
vision or not relaxing the muscles completely 
before attempting to replicate limb position. The 
purpose of the present study was to evaluate the 
influence of 2 testing positions (sitting and prone 
lying) on proprioceptive acuity scores (17) in the 
assessment of early knee osteoarthritis.

Subjects and Methods

 The study involved 70 subjects (22 males 
and 48 females) with history of knee pain and 
clinical diagnosis of early knee osteoarthritis, 
with radiological findings of grade I (33 subjects) 
and grade II (37 subjects) according to the 
Kellgren and Lawrence Classification System 
(18). All patients were between 40 and 60 years 
of age. Subjects with traumatic knee injury, 
inflammatory arthritis, metabolic disorder, as 
well as cardiovascular and psychiatric illnesses 
were excluded from the study. 
 The ethical approval was obtained from The 
Human Ethical Committee of Chhatrapati Shahuji 
Maharaj Medical University (formerly King 
George Medical College), Lucknow. Informed 
consent was obtained from the patient or the 
accompanying family member. 
 The baseline evaluation of all the subjects 
was done in 2 testing positions (sitting and prone 
lying) for proprioceptive acuity score (17) using 
proprioceptive knee assessment device. The 
device comprises a goniometer attached with 
a static bar and a movable set of 5 bars that are 
fixed, with respect to each other, at 10° interval. 
The central bar of the movable set of 5 bars is 
longer than the other 4 bars (2 on each side). 
The central mechanical axis of the goniometer 
coincides with the anatomical axis of knee joint. 

The static bar corresponds to the 90° of knee 
flexion, perpendicular to the ground. The central 
bar was positioned at the desired angles, i.e., 30° 
and 60° of knee flexion (Figure 1). Any deviation 
from the central bar was treated as an error. 
 With vision occluded, each subject was asked 
to perform 30° and 60° flexion of each knee for 5 
times, with intermittent rest intervals of at least 
10–15 seconds. Proprioceptive impairment was 
calculated by adding the proprioceptive acuity 
scores of all the 5 attempts for each knee (Table 1).
 Our main objective is to compare the                             
2 test positions; thus, to rule out the possibility 
of results being influenced by certain treatments, 
the subjects were randomly allocated among 2 
intervention groups (group 1 and group 2) with 
35 subjects in each arm. The mean age was not 
significantly different between the 2 groups; the 
mean age for group 1 was 50.14 years (SD 5.49), 
while for group 2, it was 51.15 years (SD 5.9). In 
group 1, context-specific proprioceptive retraining 
along with multijoint coupling strategies (17) was 
used, while for group 2, conventional treatment 
was used. Test position 1 (sitting) was considered 
as control while test position 2 (prone lying) was 
considered as experimental. 
 The context-specific proprioceptive retraining 
technique incorporated both neurophysiological 
and biomechanical procedures and techniques to 
influence neuromusculoskeletal integrity (12,18–
21) within functional context using facilitatory and 
inhibitory procedures, sensorimotor experiences, 
procedures to enhance dynamic adjustment 

Figure 1: Proprioceptive assessment device.
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range, coupled motions of knee, hip, and ankle 
joints, and multijoint coupling strategies (17). 
The conventional treatment incorporated joint 
reproducibility with and without vision occluded, 
quadriceps strengthening using isometric and 
isotonic exercises, physical agent modalities, 
manual therapy, mobilization, and manipulation.
 The subjects in each group received 
intervention 3 times per week for 30 minutes per 
session. At the end of 8 weeks of intervention, each 
subject’s proprioceptive acuity was reassessed 
in both knees at each angle in both testing       
positions (17). 

Test position 1 (sitting)
 Each subject was asked to sit over the plinth 
with hip at 90° of flexion and knee relaxed and 
suspended off the plinth in gravity-dependent 
position. Both knees were assessed separately. 
Initially, the subject was asked to relax for 5 
minutes. Then, the knee was passively positioned 
by a therapist using proprioceptive assessment 
device in 30° of flexion, and the subject was 
instructed to replicate the same knee position. 
The subject was asked to perform 5 trials with 
intermittent rest intervals of 10 to 15 seconds 
each. The other knee was also assessed by using 
the same procedure. The similar sequence was 
followed, for each knee separately, at 60° of 
flexion.

Test position 2 (prone lying)
 The subject was asked to lie in prone position 
while keeping both the hip and knees neutral (i.e., 
hip in 0° of flexion or extension, 0° of abduction or 
adduction, and 0° of internal or external rotation; 
knee in full extension). The testing procedure was 
same as the procedure for position 1 (sitting).

Statistical analysis
 In order to adjust for the discrepancies in 
baseline characteristics, the differences of pre- 
and post-proprioceptive acuity scores were used 
for analysis. Some of these differences were 
negative and skewed. Therefore, a logarithmic 
transformation of the form ln (x + c) was used, 
where c is a suitably chosen positive constant. 
Student’s t test was performed on the transformed 
data. For asymmetrically distributed variables, 
non-parametric Mann–Whitney U test was 
used. P value of less than 0.05 was considered as 
statistically significant.

Results

 All 70 subjects, irrespective of the treatment, 
were analyzed for their various acuity scores in 
the 2 testing positions. 

Between-group analysis
 Student’s t test was used for the analysis 
of proprioceptive acuity scores of the left knee 
at 30° and 60°, and the right knee at 60°;                                                                                                                     
Mann–Whitney U test was used for the right knee 
at 30°. The mean for sitting position for the left knee 
at 30° and 60°, and the right knee at 60° were 1.498                                                                                                                         
(SD 0.062), 1.515 (SD 0.075), and 1.509 (SD 
0.072), respectively. The mean for prone lying 
position for the left knee at 30° and 60°, and the 
right knee at 60° were 1.534 (SD 0.059), 1.549 (SD 
0.069), and 1.55 (SD 0.066), respectively. The 
median and interquartile range in sitting position 
for the right knee at 30° was 1.491 and 0.063, 
and for prone lying position, 1.505 and 0.071, 
respectively. The P values at 95 % confidence 
interval for the change in proprioceptive acuity 
scores of the left knee at 30° (P < 0.001), the 

table 1: Proprioceptive knee assessment scoring system
Score Description

1 Normal
2 Patient overshoots or undershoots the target by more than 10° but can

acquire the target position
3 Patient overshoots or undershoots the target by more than 30° but can

acquire the target position
4 Patient overshoots or undershoots the target by more than 10° and

cannot acquire the target position
5 Patient overshoots or undershoots the target by more than 30° and

cannot acquire the target position
6 Impaired



 Original Article | Proprioceptive assessment in Knee Osteoarthritis

www.mjms.usm.my 43

left knee at 60° (P = 0.007), and the right knee 
at 60° (P < 0.001) were found to be statistically 
significant (Table 2).

Between-group analysis
 The subgroup analyses were also done to rule 
out the treatment effect. Student’s t test was used 
for the analysis of proprioceptive acuity scores of 
the left knee at 30° and 60°, and the right knee at 
60°; Mann–Whitney U test was used for the right 
knee at 30°.
  The mean proprioceptive acuity score for 
sitting position (group 1) for the left knee at 30° 
and 60°, and the right knee at 60° were 1.532 (SD 
0.049), 1.564 (SD 0.043), and 1.554 (SD 0.041), 
respectively. In prone lying position, the values 
were 1.568 (SD 0.051), 1.598 (SD 0.043), and 
1.598 (SD 0.040), respectively. The median and 
interquartile range in sitting position for the right 
knee at 30° was 1.519 and 0.039; for prone lying 
position, they were 1.531 and 0.051, respectively 
(Table 3). The changes in proprioceptive acuity 
scores of the left knee at 30° (P = 0.004), the left 
knee at 60° (P = 0.002), and the right knee at 60° 
(P < 0.001) were statistically significant, whereas 
no significant difference was observed for the 
right knee at 30° (P = 0.068) (Table 3). 
  The mean proprioceptive acuity score for 
sitting position (group 2) for the left knee at 30° 
and 60°, and right knee at 60° were 1.464 (SD 
0.055), 1.467 (SD 0.069), and 1.464 (SD 0.068); 
for prone lying position, the mean values were 
1.501 (SD 0.047), 1.500 (SD 0.052), and 1.502 (SD 
0.051), respectively. The median and interquartile 
range in sitting position for the right knee at 30° 
was 1.462 and 0.076; for prone lying position, they 
were 1.477 and 0.044, respectively.The changes in 
proprioceptive acuity scores of the left knee at 30° 
(P = 0.004), the left knee at 60° (P = 0.028), and 
the right knee at 60° (P = 0.009) were statistically 
significant, whereas no significant difference was 
observed for the right knee at 30° (P = 0.162) 
(Table 4).

Discussion

 Based on the analyses, null hypothesis 
stating that both sitting and prone lying positions 
are equally effective for assessing proprioceptive 
acuity impairment in knee osteoarthritis can be 
rejected; the prone lying test position was found to 
be more sensitive than the sitting position in most 
of the components. The results can be explained 
based on the neurophysiological mechanism of 
neuromuscular control system.

 In early knee osteoarthritis, the knee 
joint complex is richly innervated with 
mechanoreceptors, such as receptors in the joint, 
skin, and muscle (22,23). The combination of 
both muscle and joint receptors forms an integral 
component of a complex sensorimotor system that 
plays a major role in the proprioceptive mechanism 
(24,25). Mechanoreceptors can be quick-adapting 
and slow-adapting, and they have different 
shapes, threshold levels, locations, and adaptive 
properties based on their response to stimuli 
(23,25–27). Quick-adapting mechanoreceptors 
mediate the sensation of joint motion, whereas 
the slow-adapting mechanoreceptors mediate the 
sensation and change in joint position (22,23). The 
proprioceptive mechanism, which is initiated by 
activation of these mechanoreceptors, has direct 
implication over proprioceptive acuity score of 
the knee. Since proprioceptive acuity score of each 
knee has a combined effect over the functional 
status, in the present study, proprioceptive 
impairment of each knee was assessed separately 
to identify the ideal test position. 
 Statistical analysis showed mixed results, 
but the prone lying position was found to be more 
sensitive for assessing proprioceptive acuity status 
than the sitting position. In prone lying, the knee 
arc of motion starts from extension to flexion, with 
both knees and hip in neutral; the direct influence 
of gravity and the effect of diarthodial muscles are 
nullified, and the length feedback is controlled in 
a better manner. As a result, mechanoreceptors 
(especially slow-adapting) do not get stimulated, 
and the knees can be fully relaxed. On the other 
hand, in sitting position, the hip and the knees are 
in 90° of flexion, and the knee arc of motion starts 
from 90° knee flexion to extension. In addition, 
the muscles around knee, being diarthodial, are 
under the direct influence of gravity, and the 
muscle stretch reflex activity may get stimulated. 
The proprioceptive acuity scores obtained in 
sitting position may not represent the actual 
proprioceptive acuity status of each knee.  
 Motor control relies on inputs from 
proprioceptors, visual receptors (telereceptors), 
and vestibular receptors. When knee 
proprioceptive acuity gets impaired, the subject 
may exhibit adaptive behaviours (23,25,26) to 
accommodate proprioceptive deficit by relying on 
vision or not allowing the muscles to get relaxed 
before attempting to replicate limb position. In 
the present, study this adaptive behaviour was 
drastically minimized by occluding the vision 
and incorporating intermittent rest intervals. 
However, in prone lying position, the reliance 
on vision and muscle tension as well as the effect 
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of diarthodial muscles on the proprioceptive 
acuity could be ruled out. Both test positions 
were equally sensitive in the assessment of 
proprioceptive acuity for the right knee at 30°. 
Therefore, each test position is useful in different 
methods of assessment. Since onset of knee 
osteoarthritis is usually unilateral and may later 
progress bilaterally, the proprioceptive acuity 
scores of each knee can guide the treatment 
process. Hence, the null hypothesis was rejected.

Conclusion

 The prone lying position is more sensitive than 
the sitting position in assessing proprioceptive 
acuity of each knee and identifying the actual 
proprioceptive impairment status. Prone lying 
position could serve as an effective evaluation tool 
to guide the treatment process in patients with 
early knee osteoarthritis.

table 2: Comparison of the changes in proprioceptive acuity scores (pre- and post-intervention 
between sitting and prone lying positions

Proprioceptive 
Acuity

Left Knee right Knee

30° a 60°  a 30° b 60° a

Sitting position    1.498 (0.062) 1.515 (0.043) 1.491 (0.063) 1.509   (0.072)
Prone lying position 1.534 (0.059) 1.549 (0.685) 1.505 (0.071) 1.550    (0.066)
Test statistics (df) -3.525 (138) -2.741 (138) -1.576 -3.532 (138)
P value <0.001 0.007 0.115 <0.001
Statistical analyses were conducted using a t test and b Z test. Data are expressed in a mean (standard deviation) and b median 
(interquartile range).

table 3: Comparison of the changes in proprioceptive acuity scores (pre- and post-intervention)    
between sitting and prone lying positions in group 1

Proprioceptive 
Acuity

Left Knee right Knee

30° a 60°  a 30° b 60° a

Sitting position  1.532 (0.049)  1.564 (0.043) 1.519 (0.039)    1.554   (0.041)
Prone lying position  1.568   (0.051)  1.548 (0.043) 1.531 (0.051)  1.598  (0.04)
Test statistics (df) -3.012 (68)  -3.291 (68) -4.549  -1.828 (68)
P value  0.004 0.007 0.068 <0.001
Statistical analyses were conducted using a t test and b Z test. Data are expressed in a mean (standard deviation) and b median 
(interquartile range).

table 2: Comparison of the changes in proprioceptive acuity scores (pre- and post-intervention)    
between sitting and prone lying positions in group 2

Proprioceptive 
Acuity

Left Knee right Knee

30° a 60°  a 30° b 60° a

Sitting position 1.464 (0.055) 1.467 (0.069) 1.462 (0.076) 1.464 (0.068)
Prone lying position   1.501 (0.047)  1.5 (0.052) 1.477 (0.044) 1.502 (0.051)
Test statistics (df) -2.965 (68) -2.244 (68) -1.4 -2.684 (68)
P value 0.004  0.028 0.162 0.009
Statistical analyses were conducted using a t test and b Z test. Data are expressed in a mean (standard deviation) and b median 
(interquartile range).
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Introduction

 Gallstones have been known to humans 
for many years and have been found in the 
gallbladders of Egyptian mummies dating back 
to 1000 BC (1). Gallstone is one of the diseases 
prevalent in developed nations, but it is less 
prevalent in the developing populations that 
still consume traditional diets (2,3). Gallstones 
are more common in North America, Europe, 
and Australia, and are less prevalent in Africa, 
India, China, Japan, Kashmir, and Egypt, with 
variable frequency, such as 4.1% in Tunisia, 4.7% 
in Iran, 5.4% in Bangladesh, 5.4% in Peru, 7.8% in 
Germany, 20.8% in New Zealand, and 15% in the 
USA (4–6). 
 Epidemiological studies show that gallstones 
formation is a complex multifactorial disease 
associated with dietary habits, overweight, sex, 
and family history of gallstone disease, with 
no evidence of racial or climatological factors 
resulting in the increase in cholelithiasis (3,7,8). 
The chemical composition and location of the 
biliary calculi differ in various parts of the world 
and change over time because of nutritional, 
socio-economic, and demographic factors (9). 

 Gallstone chemical analysis gives important 
evidences for the origin, aetiology, and the 
metabolic basis of its formation, and helps in 
the identification of risk factors that predispose 
certain individuals to the calculi formation. Few 
scattered reports on gallstone disease are available 
from different parts of Saudi Arabia; the disease 
prevalence at the country level is increasing, but 
no thorough study has been conducted (2,8,10–
15). Few, if any, reports are available about the 
chemical composition and the aetiopathogenesis 
of gallstones in Saudi Arabia. The present study 
was done to determine the chemical composition 
of gallstones removed from patients receiving 
treatment in Al-Jouf Province of Saudi Arabia, and 
their incidences, as well as to find the association 
of gallstones with age distribution and lifestyle 
in an attempt to understand the pathogenesis of 
cholelithiasis in Saudi Arabia.

Abstract
 Background: it is essential to understand the aetiopathogenesis of gallstone disease. this 
study was undertaken to determine the chemical composition of gallstones from patients living in 
Al-Jouf Province of Saudi Arabia.
 Methods: this was a descriptive study where 46 gallstones from Al-Jouf Province of Saudi 
Arabia were analysed by semiquantitative titrimetric and colourimetric methods. the proportion of 
different types of gallstones was described using 95% confidence interval based on exact method.
 Results: Gallstones were found more frequently in female patients (60.9%) than males 
(39.1%), and these stones were composed of pure cholesterol (54.3%), pure bilirubin (2.2%), or mixed 
stones (43.5%). the most common chemical constituent was cholesterol (82.6%), while bilirubin was 
seen in 26.1% of the stones. Calcium was present in 32.6% of the stones in the form of calcium salts 
of bilirubin and carbonate. bilirubin-containing stones were slightly more frequent in males than in 
females, while cholesterol-containing stones were less frequent in males.
 Conclusion: The findings indicate that gallstones in the Al-Jouf Province develop more 
frequently in the age group of the third decade of life, with more risk among females than males, and 
are predominated by cholesterol together with calcium bilirubinate and calcium carbonate.
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 Subjects and Methods

 Chemical analyses were conducted on 46 
gallstones from patients in Al-Jouf Province 
of Saudi Arabia. These stones were removed 
surgically from January 2007 to January 2008 
in the hospitals of Al-Jouf Province. Analyses 
were carried out at the central laboratory of the 
Department of Clinical Laboratory Sciences,                                        
Al-Jouf University. The relevant patients’ 
information, namely, age, sex, number of calculi, 
estrogen therapy, number of childbirths, and 
family history of cholelithiasis, were obtained 
from hospitals’ records. The physical parameters 
of the calculi, such as colour, number, shape, 
texture, and cross section, were noted. The size 
was determined by measuring the largest diameter 
of solitary stones and deducing the average for 
the multiple stones. The calculi were powdered 
in a mortar and were analysed chemically by 
semiquantitative titrimetric and colourimetric 
methods (16,17). Powdered stones were analysed 
for cholesterol, bilirubin, triglyceride, calcium, 
and carbonate. Test solutions were prepared 
by dissolving 30 mg of powdered stone in 3 mL 
of chloroform, and the solutions were kept in a 
water bath at 100 °C for 2 minutes. These stone 
solutions were used for the determination of total 
cholesterol and total bilirubin by colourimetric 
methods (17). In a separate preparation, 30 mg 
of powdered stone was dissolved in 3 mL of 1 N 
hydrochloric acid; distilled water was then added 
to a final volume of 10 mL. The test solutions 
were  kept in boiling water for 60 minutes. These 
solutions were used for the determination of 
triglyceride, calcium, and carbonate by titrimetric 
and colourimetric methods (16).  Organic and 
inorganic nature of the gallstones was identified 
by flame and burning tests (18). The dissolved 
stone solutions were stored at 2–6 °C when not in 
use.

 The incidence of gallstone was analysed using 
the number of specific gallstones as the numerator 
and the number of gallstones extracted (n = 46) 
as the denominator. The exact confidence interval 
was calculated using a web-based calculator                                                            
(http://www.measuringusability.com/Exact.
htm). One sample-one tailed Z test was used for 
comparison of statistical significance, which was 
defined as P < 0.05 (19,20).

Results

 Out of 46 gallstones of 46 patients , 28 
(60.9%) stones belonged to females while 18 
(39.1%) belonged to males , giving a male to female 
ratio of 1:1.6. The age of the patients ranged 19– 75 
years, while 19 (41.3 %) patients were in their third 
decade of life (Figure 1). The hospitals’ records 
indicated that 38 (82.6%) patients suffered from 
cholecystitis while 25 (54.3%) had family history 
of cholelithiasis. Out of 28 female patients, 13 
(46.4%) had multiple parity.
 There were 18 (39.1%) patients with 
multiple stones, while the rest had solitary 
stones. Cholesterol stones were soft with smooth 
surface and showed central radiations on cross 
sections (Figure 2). Bilirubin stones were soft and 
amorphous with rough surface, while the mixed 
stones had rough surface with laminated cross 
sections (Figure 3). The size of the tested stones 
varied in diameter (4–62 mm), where 21 (45.7%) 
of these gallstones measured 25 mm and above. 
Pure cholesterol stones were bigger in size in 
comparison with pure bilirubin and mixed stones 
and were mainly green yellowish, with a few 
stones that were whitish yellow.
 The result of the chemical analyses revealed 
that 56.5% of the stones were pure stones 
(cholesterol or bilirubin), while 43.5% contained 
more than one chemical. Table 1 shows the 
distribution of the types of stones according to the 
chemical analyses.
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Figure 1: Distribution of calculi according to age.
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Figure 2: Cholesterol gallstone.

Figure 3: Mixed gallstone.

 Cholesterol was present in 38 (82.6%) stones; 
it was more frequent in females (n = 24, 63.2%, 
95% CI 46.0–78.2) than in males (P < 0.001). The 
incidence of bilirubin-containing stones (n = 12, 
26.1%) was slightly higher in males (n = 7, 58.3%) 
than in females (n = 5, 41.7%). However, this 
was not statistically significant (P = 0.240). The 
triglycerides were seen only in cholesterol and 
bilirubin mixed calculi.

table 1: Distribution of stones according to the chemical groups
type of stone number of 

stones
Frequency 

(%)
95% confidence 

interval*
Pure stones 26 56.5 0.41 – 0.71

Pure cholesterol 25 54.3 0.39 – 0.69
Pure bilirubin 1 2.2  0.0006 – 0.12

Mixed stones 20 43.5 0.29 – 0.59
Mixed cholesterol 13 28.3 0.16 – 0.43
Mixed bilirubinate 11 24.0 0.13 – 0.39
Mixed triglycerides 3 6.5 0.01 – 0.18
Mixed calcium 15 32.6 0.20 – 0.48
Calcium bilirubinate 2 4.3     0.005 – 0.15
Calcium carbonate 7 15.2 0.06 – 0.29
Calcium bilirubinate and cholesterol 6 13.0 0.05 – 0.26
Cholesterol, bilirubin, and triglycerides 3 6.5 0.01 – 0.18
Cholesterol and calcium carbonate 7 15.2 0.06 – 0.29

* 95% confidence interval was calculated by using exact method.

 Calcium was seen in 15 (32.6%) of the calculi, 
and it accompanied cholesterol stones more 
than bilirubin stones (P < 0.001). Carbonate 
accompanied calcium in only 7 (15.2%) of the 
stones, where calcium carbonate was seen mainly 
in the cholesterol mixed calculi, with 2 (4.3%) 
stones containing calcium and bilirubin only.

Discussion

 Gallstones represent a major problem in 
many countries, including Saudi Arabia (21,22). 
Reports from different parts of the world indicate 
that the incidence of gallstones is correlated with 
socio-economic conditions and dietary factors 
(9,23); other risk factors are marked obesity, 
family history of gallstone disease, high energy 
intake, aging, multiple parity, cholecystitis, and 
sedentary lifestyle (15,24–27). Gallstones are more 
frequent among patients with certain conditions, 
such as Crohn’s disease and liver cirrhosis (25).
 Studies in Saudi Arabia showed changes 
in dietary habits; the average daily individual 
consumption of the total calories, including fat 
and sugar, increased, while consumption of high-
fibre grain fell (13). This might contribute to an 
increase in the frequency of cholelithiasis, as 
cholecystectomy in Saudi Arabia became one of 
the most common major abdominal surgeries in 
the Kingdom (13). Consumption of simple sugars 
and saturated fat has been mostly associated to a 
higher risk of cholelithiasis (27).
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 Our results showed that females were 
more affected with cholelithiasis than males,  
with a female to male ratio of 1.6:1. According 
to the Central Department of Statistics, Saudi 
Arabia, female to male ratio of the total Saudi 
population was 100:102 in 2005 (28). The female 
predominance of cholelithiasis, as seen in the 
present study, is in agreement with findings from 
other provinces of Saudi Arabia, but is significantly 
lower (P < 0.001) than in Asir Province and Riyadh 
city (8,15). Reports from other countries, such as in 
India, Pakistan, Albania, and Jordan, also indicate 
that females are more affected by the disease than 
males (21,29–31). This might be due to the basic 
hormonal differences between males and females, 
together with the differences that might exist due 
to co-expression of sex hormone receptors in the 
gallbladder of both sexes. The medical records 
of the patients of the present study showed that 
most of the female patients had parity. This is also 
in agreement with other studies, which concluded 
that fertility and multiple pregnancies appeared to 
be a risk factor for gallstones among Saudi women 
(15). Increased levels of sex hormones as a result 
of pregnancy may increase cholesterol in the bile 
and decrease gallbladder movement, resulting in 
cholelithiasis.
 The present investigation showed 
cholelithiasis in Al-Jouf Province was more 
frequent among people in their third decade of life. 
This is in agreement with Murshid’s investigation 
from Saudi Arabia (15). Investigations 
concluded lower sensitivity of the gallbladder 
to cholecystokinin in older human volunteers 
(aged 60–84 years) in comparison with younger 
volunteers (aged 22–42 years) after ingestion of 
Lipomul (1.5 mL/kg) by both groups (7,32).
 Cholesterol was the most common 
constituent (82.6%) of the gallstones, followed by 
calcium, bilirubin, and carbonate in the present 
investigation. This finding is in agreement with a 
study in the western region of Saudi Arabia, where 
90.4% of the gallstones contained cholesterol 
(12). Reports from western countries, such as 
Germany and some Scandinavian countries, also 
showed cholesterol as the primary component of 
the gallstones, but different gallstone composition 
were reported in studies from Sub-Saharan Africa 
and China (21,33–35).  The differences may be 
attributed to both metabolic abnormalities of 
cholesterol metabolism and different dietary 
conditions of the people in these countries. 
Formation of cholesterol calculi have been related 
to high carbohydrate diet, which leads to cholesterol 
supersaturation in the bile (36). Atherosclerosis, 
hyperlipidaemia, and hyperinsulinism have also 

been encountered as risk factors for cholesterol 
gallstone disease (25,26). The association between 
cholesterol intake and gallstone disease has been 
indicated by different studies (23,26). The results 
of the present investigation also indicated that 
cholesterol-containing stones were less frequent 
in males than in females (P < 0.001). This is in 
line with reports from other countries, such as 
Korea (37).
 The findings of the present work showed 
that bilirubin was conjugated with calcium or 
cholesterol and that the stones occurred more 
frequently in the mixed forms rather than as pure 
bilirubin stones. This is contrary to the finding of 
the chemical analysis of gallstones from India (30). 
In addition, it has been reported that bacterial 
infection of the gall bladder helps in hydrolysis 
of conjugated bilirubin, forming free bilirubin in 
the form of calcium bilirubinate salt (38). The 
present work also indicated that gallstone calcium 
content was highest in bilirubin stones and lowest 
in cholesterol stones. It has been reported that 
calcium bilirubinate precipitates in the bile and 
play a critical role in cholelithiasis (30,39).
 The hospitals records of Al-Jouf Province 
indicated that 82.6% of the patients included in 
the present study had a history of cholecystitis. 
Injury of the epithelial lining of the gall bladder 
might be a risk factor for calcium bilirubinate 
precipitation due to the release of β-glucoronidase 
(40). The records also showed that 54.3% of the 
patients had a family history of cholelithiasis. This 
is in agreement with some reports that correlated 
gallstone disease aetiology with genetic and 
environmental factors (27).

Conclusion

 It is apparent from the findings of the 
present investigation that the most common 
gallstone in Al-Jouf Province of Saudi Arabia 
was cholesterol stone, and that the age group at 
risk of having gallstones was the third decade of 
life, with a higher risk for females than males. 
Additional studies are needed to understand the 
pathogenesis of cholelithiasis in Al-Jouf Province 
and other parts of Saudi Arabia and to clarify its 
relation with the lifestyle, especially the dietary 
habits.
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Abstract
 Background: Surgical robots have been appearing in operating rooms over the past decade, 
and neurosurgery has been one of the pioneers in this area. in neurosurgery, the clinical use of 
robots has been limited to stereotactic procedures and endoscopic manoeuvres, although the brain 
is a unique organ and well-suited for robotic application. the aim of this study was to assess the 
ability of our vision-guided robotic system to perform basic neurosurgical procedures.  
 Methods: the study was divided into two parts: bone drilling and endoscopic manoeuvres. 
The robotic system was instructed to recognise targets on artificial skull models placed in different 
positions (supine, lateral, sitting, and prone) and to make burr holes. A total of 10 selected burr 
holes were used to assess the capability of the robot to insert an endoscope. 
 Results: the accuracy ranged 0.1–1.0 mm with repeatability ranged 0.03–0.92 mm.   
 Conclusion: Generally, the present robotic system is able to perform the surgical tasks. 
However, further study is needed to refine the robotic system, including the safety mechanisms.

Keywords: computer-assisted surgery, endoscopes, neurosurgery, robotics, skull

Introduction

 Robots have been used in operation theatres 
as of the last few decades (1). Neurosurgery is 
one of the major fields in which the application 
of robots during surgery is feasible. Robotic 
technology has been incorporated into stereotactic 
and endoscopic procedures (2,3). Other key 
neurosurgical applications for robots include 
robotised microscope (4), telepresence (5), and 
tumour resection (6).
 Technically, surgical robots can be divided 
into passive or active systems. A passive system 
is one in which the surgeon provides the 
physical energy to drive the surgical tool (7). An 
active robotic system is one in which the robot 
actively interacts with a patient, allowing more 
complicated motions to be realised. This latter 
system provides greater autonomy. In addition, 
the surgeon has the ability to supervise and 
intervene when necessary (8).
 The surgical robots can also be classified 
by how the surgeon interacts with them. They 
are divided into supervisory-controlled system, 
telesurgical system, and shared-control system. 
In a supervisory-controlled system, the robot 
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automatically performs the task based on the 
downloaded surgical plan and is supervised by 
the surgeon. The surgical plan is programmed 
using either computed tomography (CT) scan or 
magnetic resonance brain images of a patient. 
The robotic telesurgical system is a system in 
which the surgeon controls the robot in real time 
via the haptic interface. The robot replicates the 
surgeon’s motions from the interface. In a shared-
control system, the surgeon has full control of 
the procedure and the robot offers steady hand 
manipulation of the instrument (9).
 In this study, we examined the ability of 
our industrial robotic arm to perform basic 
neurosurgical procedures, namely bone drilling 
and endoscopic manoeuvres, on artificial skull 
models. The robotic system was fully guided 
by a visual system, thus making this system 
different from the aforementioned robotic 
systems. A program was created to transform 
visual coordinates to the robotic coordinates, 
thus enabling the robot to execute the tasks. The 
robot’s abilities were measured via the capability 
of the robot to recognise the target and perform 
the tasks. The accuracy of the robot was also 
assessed.
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Materials and Methods

 The robot used in this study was an Adept 
Cobra 600 robot (Adept Technology Inc., 
San Jose, CA). The Adept Cobra 600 robot                                  
(Figure 1) is a selective compliant assembly robot 
arm (SCARA) robot with 4 joints. Joints 1, 2, and 4 
provide rotational movements, and joint 3 moves 
in translation. Joint 1 is also referred to as the 
shoulder and has motion limited to approximately 
105°. Joint 2, which also referred to as the elbow, 
has motion limited to approximately 105°. Joint 
3 allows vertical translation of the quill with a 
maximum stroke of 210 mm. Joint 4, also referred 
to as the wrist, allows approximately 360° of 
rotational movement.
 A 25-mm lens charge-coupled device (CCD) 
camera functioned as the visual system. The 
camera was mounted to the robotic arm. The 
camera had input and output channels, and the 
lens could be focused manually. The images 
produced were in the greyscale form.

Preparation of artificial skull models
 The artificial skull models were made using 
the stereolithography apparatus (SLA) system. 
The brain CT scan images were transferred to 
the workstation, and using special software, the 
images were translated. The skull models were 
constructed using acrylic resin. Subsequently, the 
skull model was cut into two parts using a saw. 
Plasticine was moulded and wrapped with thin 
plastic and placed into the skull (Figure 2). The 
purpose of this step was to create soft material in 
the skull that would act like a brain. This detail 
is important because the Midax Rex perforator 
uses a mechanical sensor and will only stop once 
it senses the soft component. Two basic surgical 
procedures were tested in this study: bone drilling 
and endoscopic manoeuvres.

Bone drilling
 The skull model was placed into different 
surgical positions, simulating a real operation: 
supine with head in neutral position, supine 
with head in left or right lateral position, sitting 
position, and prone position. To avoid movement 
during the procedure, the skull models were 
clamped on a Mayfield three-pin clamp. The 
Midax Rex perforator was attached to the gripper 
and held tightly with screws. The tubing was fixed 
to the gas tank and foot pedal.
 A total of 4 targets were placed in supine 
position with the head in neutral position. There 
were also 10 targets at different sites in the sitting 
position, 5 targets at each side in lateral positions, 

Figure 1: Adept Cobra 600

Figure 2: Artificial skull model (a) cut halfway 
and (b) molded with plasticine.

and 6 targets placed on the skull surface in the 
prone position. These targets were black, rounded 
cardboard, each measuring 1 cm in diameter. The 
targets were glued to the skull surface. Only 1 
target was exposed at a time for image capturing; 
the remaining targets were covered with surgical 
towel. The camera was placed at 54.5 cm from 
the skull surface, similar to the position where 
the camera was calibrated. The image of the first 

a

b
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home position. These steps were repeated twice. 
The repetitive values were measured. Once the 
accuracy and repetitive values were measured, 
the endoscope was instructed to return to the 
burr hole and descend. The endoscope was given 
some minimal force to penetrate the plasticine 
and descend on command (Figure 4). The ability 
of the robotic arm to recognise and insert the 
endoscope into the specific burr hole on command 
was assessed. These procedures were repeated for 
the rest of the selected burr holes.

Results

 In the supine position, the accuracy was 1.0 
mm for all targets. The repetitive values ranged 
0.04–0.17. In the sitting position, a total of 8 burr 
holes were successfully performed. The accuracy 
ranged 0.1 –1.0 with the repetitive values ranging 
0.10 –0.92. In the prone position, the accuracy 
ranged 0.5 –1.0  with the repetitive values ranging 
0.08 –0.31. In the left lateral position, only 2 burr 
holes were successfully performed. The accuracy 
was 1.0 mm. The repetitive values for these 2 left 

target was captured. Using the V+ program, a 
specific set of commands were created to analyse 
the image. Image processing involved many steps. 
First, in the image-capturing stage, the image was 
stored in pixels. Pixel is the basic unit of a vision 
system. The number of pixels that a system can 
process determines its resolution and influences 
the computer processing time needed to analyse 
the image. Subsequently, using a Gaussian 
filter, the image was filtered to reduce the noise 
and prepare the image for further processing. 
Later, the edge of the image was detected using 
a Sobel operator (edge detection). Finally, the 
image centroid was determined via the method of 
moments. Using a mathematical calculation that 
was set in the program, the image coordinates 
were transformed into robot coordinates.
 Next, the task was executed. The robotic 
arm together with the perforator moved to the 
target. The perforator was instructed to descend 
until it touched the skull surface. Using the 
mechanical sensor located at joint 4, the program 
was constructed in such a way that the perforator 
would stop automatically once the sensor detected 
a force of more than 2 pounds.
 At this stage, the accuracy of the robot was 
assessed by measuring the distance, using the 
computer, between the centre of the target and 
the point at which the perforator hit the target. 
The robotic arm was then instructed to return to 
home position. The procedure was repeated twice. 
The repetitive value (repeatability) was recorded. 
After the second attempt, the robotic arm was 
given a force speed at 0.5% of maximum velocity 
and as soon as the perforator hit the target, the 
pedal was pressed and the perforator was allowed 
to spin and drill the skull (Figure 3). The perforator 
continued to drill and stopped automatically 
when it sensed the soft part (plasticine). The 
robotic arm was then instructed to return to home 
position. These steps were repeated for all targets 
located at different sites and different positions.

Endoscopic Manoeuvre
 In this section, only the burr holes that were 
perpendicular to the endoscope were chosen. 
There were 10 burr holes in total, and the 
centroid of the targets were determined via image 
processing. These coordinates were transformed 
into robotic coordinates and the task was executed. 
Upon execution, the robotic arm together with 
the endoscope moved to the targeted burr hole. 
On command, the endoscope descended and 
entered the burr hole to touch the target marker. 
The accuracy was measured. Following that, the 
robotic arm was instructed to ascend and move to 

Figure 3: The bone drilling stage.

Figure 4: Insertion of an endoscope into a 
selected  burr hole.



56 www.mjms.usm.my

Malaysian J Med Sci. Apr-Jun 2011; 18(2): 53-57

table 1: Number of targets and completed burr holes plus the accuracy and   
repeatability at different  positions

Position no of 
targets

no of
burr holes

Accuracy
(mm)

repetition
(mm)

Supine   4 4        1.0 0.04–0.17
Sitting 10 8 0.1–1.0 0.10–0.92
Prone   6 6 0.5–1.0 0.08–0.31
Left lateral   5 2        1.0 0.03–0.11
Right lateral   5 2        1.0       0.10

lateral burr holes were 0.03 and 0.11, respectively. 
Similarly, in the right lateral position only 2 burr 
holes were able to be performed. The calculated 
accuracy was 1.0 and the repetitive value was 
0.10. The results are summarised in Table 1. 
For the endoscopic manoeuvre, the accuracy 
ranged 0.3–1.0, and the repetitive values ranged           
0.31–0.77.

Discussion

 In our robotic system, the ability to perform 
the tasks was limited by the degree of freedom 
(DOF). DOF referred to the number of possible 
movements that could be made at a joint. The 
movements could either be translational or 
rotational. For complete freedom of movement, 6 
DOFs are required. If we apply this principle to 
the human upper limb, the elbow has 1 rotational 
DOF, the elbow and wrist have 3 rotational DOFs, 
and the palm is considered to have 7 DOFs as a 
result of the sum of the shoulder, elbow, and 
wrist. With 7 DOFs, therefore, better precision 
can be obtained. Four DOFs would limit the 
surgeon’s ability (10). One study was done 
comparing 4-DOF and 6-DOF robots performing 
some endoscopic procedures. The study revealed 
that the time taken and error rate to perform the 
procedures by 6-DOF robot were significantly 
less as compared with the 4-DOF robot (11). Our 
robot has 4 DOFs. Because of this fact, the robot 
could only perform some limited movements. The 
robotic could only make rotational motions (joints 
1, 2, and 4) and vertical translational movements                                                                           
(joint 3). To make a burr hole using a perforator, 
the perforator has to be perpendicular to the 
surface. Therefore, with our present system, 
the robotic arm can only perform bone drilling 
if the arm is perpendicular to the skull surface 
(supine, prone, and some sitting positions). The 
wide angulation of the skull in the lateral position 
did not allow for the proper drilling of the bone. 
Similarly, with the endoscopic manoeuvre, the 

endoscope could only be inserted if the burr hole 
was perpendicular to the robotic arm.
 The accuracy of our system was determined 
by many factors. First, the visual system was 
represented by a CCD 25-mm lens with an 8.1 
pixel camera. The image taken by the camera was 
kept in greyscale form. Subsequently, the image 
was converted to binary form. Here, the centre 
of the image (target) was determined via image 
processing based on how much of the image 
represented by pixels was detected. If a higher 
pixel and higher resolution camera had been used, 
the image taken would have been better and the 
centroid coordinates more accurate. The problem 
with visual system applied to both bone drilling 
and endoscopic manoeuvres.
 The other crucial factor that may affect the 
accuracy and repeatability was the inconsistency 
in the height of the camera from the skull surface. 
During the camera calibration, the height of the 
camera from the surface was fixed at 54.5 cm. 
Given that the skull surface was uneven and 
contoured, the height was different every time an 
image was captured.
 Another factor that may influence the 
accuracy of our robotic system, particularly at 
different skull positions, was the amount of 
illumination. As the robot was located in a large 
laboratory, the amount of light that fell on the 
target was very difficult to control. Optimum 
illumination is crucial because it can influence 
the amount of pixel that can be detected by 
the camera. This problem can be overcome by 
providing additional illumination.
 Safety was another issue that needed to 
be addressed. The traditional safety methods 
designed for industrial robots are not sufficient 
for medical robots. For instance, industrial robots 
are required to be kept in a locked room so that 
nobody can enter the room and interact with the 
robot. In contrast, the surgical robot required 
direct contact with the patient and surgeon. In 
addition, medical robots are used in patient care 
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settings and have impacts on human life, whereas 
industrial robots deal with products produced in 
factories. Therefore, the safety requirements for 
medical robots are more stringent and critical 
(12–14).
 Due to some limitations, the safety 
mechanism in our robot was still lacking. In 
this study, we had to stop the robot manually 
once the perforator stopped drilling. Similarly, 
with the endoscopic manoeuvre there was no 
specific safety system attached to the robot or the 
endoscope, although the robot was able to follow 
the command based on the program.

Conclusion

 Our robotic system was able to behave like a 
surgical robot. The accuracy of the vision guided 
robotic arm ranged 0.1–1.0 mm. Much refinement 
in the use of robotic systems for neurosurgical 
procedures is needed. For future work, we would 
like to improve the number of DOFs, thus allowing 
for more joint movements. A mechanism is also 
needed to ensure that the height of the camera 
from the skull surface can be maintained even 
when the skull is placed into different positions. 
More importantly, safety mechanisms need to 
be developed and established before work can be 
extended in animal models.
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Introduction
 
 Mortality rates from coronary vascular 
disease, stroke, cancer, and diabetes are currently 
increasing in most industrialised countries, 
and they account for almost 5.5 million deaths 
annually in developed regions (1). In Malaysia, 
as in many other developing and developed 
countries, the major causes of morbidity and 
mortality have shifted from communicable to non-
communicable diseases. Two of the leading causes 
of death in Malaysia in 2005 were heart disease 
and cerebrovascular disease (2). The Malaysian 
Ministry of Health’s annual report (3) indicates 
that mortality from heart and pulmonary diseases 

accounted for 10.31% of all deaths. These 2 diseases 
were also classified among the top 10 causes of 
hospitalisation in government hospitals. It is well 
known that these non-communicable diseases 
can often be prevented through lifestyle changes, 
particularly modification of risk factors such as 
obesity, hypertension, hypercholesterolaemia, 
and hyperglycaemia.
 Low-income communities are always 
associated with poverty-related diseases (4). 
Fundamental changes in food supply patterns in 
recent decades have led not only to the increase 
in the amount of food available, but also to the 
changes in diet composition. 
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Abstract
 Background: it is important to understand the prevalence of risk factors for cardiovascular 
disease, especially in a rural setting.  
 Methods: A cross-sectional study was carried out in 238 rural households located in 
the Kuching and Samarahan divisions of Sarawak among individuals aged 16 years and above. 
Anthropometric measurements, blood levels of glucose and cholesterol, and blood pressure were 
collected.
 Results: Prevalence of blood pressure in the hypertensive range was 43.1%. the highest 
rates of blood pressure in the hypertensive range were found in individuals aged above 60 years 
(38.6%) and 50–59 years old (31.8%). Age was one factor found to be significantly associated with 
blood pressure in the hypertensive range (P < 0.001). Prevalence of obesity was 49.0%. the highest 
prevalence of obesity was found among those aged 40–49 years (41.9%) and 50–59 years (29.9%). 
Gender was significantly associated with obesity (P = 0.004). the prevalence of blood cholesterol at 
risk was 21.6%, and the highest rate was found in the 40–49 years age group (34.0%). Fifty percent 
of respondents were found to have hyperglycaemia, with the highest prevalence in the 50–59 years 
age group (37.5%). A significant association was found between obesity, blood pressure in the 
hypertensive range and blood glucose level. When compared with non-obese individuals, those who 
were obese were more likely to have blood pressure in the hypertensive range and hyperglycaemia.  
 Conclusion: the risk of developing lifestyle-related diseases is no longer based on 
geographical or socio-economic factors. 

Keywords: blood pressure, cardiovascular diseases, hypercholesterolaemia, hyperglycaemia, medical screening   
                         and epidemiology, risk factors, rural communities
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 The implementation of public interventions 
that encourage a healthy lifestyle may need to be 
reviewed to determine whether the delivery should 
be targeted to the entire population or catered 
specifically to affected groups. This is particularly 
relevant where data on the cardiovascular disease 
(CVD) risk factors in the rural community are 
inadequately published. The objective of this study 
was to determine the prevalence of cardiovascular 
disease risk factors in selected rural communities 
in Sarawak, Malaysia.

Subjects and Methods 
 
 Sarawak, situated on the island of Borneo, 
is the largest state in Malaysia, with an area of 
124 000 km2 (37.5% of the country’s total land 
mass). With a population of approximately                                         
2.4 million, Sarawak is the least densely populated 
of Malaysia’s 13 states. Based on geographical 
classification, there are 11 divisions with                                                          
31 districts  in Sarawak. Under the criteria of 
peripheral or adjacent areas of a city or town, 
2 divisions were chosen: Kuching and Kota 
Samarahan. A district was randomly selected for 
both divisions. A list of rural villages was collected 
from the state district office, and 5 villages were 
randomly selected from each district. With the 
help of the respective Sarawak Administration 
Officers, informed consent forms were sent out to 
the head of each village. Of all the villages to which 
informed consent forms were sent, only 3 agreed 
to participate in the study (Table 1). Baseline data 
on population size was then obtained through 
surveys administered in each of the villages. 
 The minimum sample size for this cross-
sectional study was determined using the formula 
for single proportion (EpiInfo 3.3.2, Center for 
Disease Control and Prevention, US). Based on a 
25% national prevalence of CVD and a sampling 
frame of 4128, the minimum sample size to achieve 
at least a 95% confidence rate was estimated to 
be approximately 269, which allowed for 10% 
non-response. The precision of the prevalence of 
CVD chosen was 5%. Sample size for each village 
was determined based on its proportion of the 
sampling frame.

 The survey was administered in 2007. 
Ethical approval was obtained from the Ethics 
Committee of Universiti Malaysia Sarawak. All 
residents aged 16 years and above in the selected 
households were recruited. As the financing was 
limited, a 1-day event was organized in each of the 
villages, and all the identified households were 
invited and gathered at the community hall. The 
village heads informed all respondents in advance 
to fast overnight. A participant would be classified 
as a non-responder if he or she did not attend the 
event. An informed consent was obtained from 
each survey respondent. The data collection was 
carried out in the morning to enable respondents 
to have their breakfast after the blood test. 
Data were collected by 2 of the authors using 
a pre-tested and validated questionnaire. The 
information collected included the following 
items:
 • Family socio-economic and demographic  
  background
 • Body mass index
 • Blood pressure
 • Blood cholesterol level
 • Blood glucose level

 Blood pressure measurements were taken 
using a mercury column sphygmomanometer 
(Accoson, UK) based on the Malaysian Clinical 
Practice Guidelines on Management of 
Hypertension (5). Although blood pressure was 
taken twice to determine an average reading, 
this study could only determine the prevalence 
for blood pressure in the hypertensive range. To 
make a diagnosis of hypertension, blood pressure 
must be taken on 2 or more separate occasions 
or clinical visits. Classification of blood pressure 
was based on the schema used by the Ministry of 
Health (5); a systolic reading of 140 mmHg and 
above and/or a diastolic reading of 90 mmHg 
and above was classified as hypertensive. For the 
measurement of body mass index (BMI; weight in 
kg divided by height in m2), height was measured 
using a body meter (Seca, UK) suspended 
upright against a straight wall, and body weight 
was measured using a digital weighing scale                                             
(Seca, UK). Classification of BMI was based on 

table 1: List of villages enrolled in the study
Village identified no. of Population n (%)
Kampung Buntal, Kuching 2482 161 (59.9)
Kampung Baru, Samarahan 1035 67 (24.9)
Kampung Pangkalan Kuap, Kota Samarahan    611 41 (15.2)
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the World Health Organization/International 
Association for the Study of Obesity/International 
Obesity Task Force (WHO/IASO/IOTF) 
guidelines (6), where a BMI of 23 kg/m2 and above 
is classified as overweight and a BMI of more than                                             
25 kg/m2 is classified as obese. Due to limitations 
of delivery and laboratory arrangement, blood 
cholesterol and glucose levels were determined 
using a handheld Accutrend cholesterol meter 
and Accu-Chek Advantage meter (Roche 
Diagnostics, Germany), respectively. Blood was 
obtained using the finger stick skin puncture 
method with disposable lancets based on Lynn 
(7). Classification of fasting total cholesterol and 
glucose levels was based on National Cholesterol 
Education Program Adult Treatment Panel III 
(NCEP ATP III) (8) and the Malaysian Diabetes 
Mellitus Guidelines (2009) (9). Based on these 
guidelines, fasting total cholesterol of more 
than 5.2 mmol/L is classified as borderline 
high and 6.2 mmol/L and above is high risk for 
hypercholesterolaemia. For blood glucose level, 
any reading of more than 5.6 mmol/L is classified 
as high risk for hyperglycaemia.
 Data was analysed using SPSS version 14 
(SPSS Inc., Chicago, IL), which included common 
descriptive analyses. Significant associations 
between variables were determined using 
inferential statistics, based on a P value of less 
than 0.5. Data were cleaned and checked for 
normality. Odds ratios were presented based on a 
95% confidence interval (CI). 

Results
 
 A total of 238 respondents agreed to 
participate in the study, giving a response rate 
of 88.4% (238 out of 269). The age range for this 
study was 16–89 years, with a mean of 49.9 years. 
Distribution of gender was relatively even (46.5% 
were males and 53.5%, females). The majority 
of the respondents were Malays, with only 1% 
were Iban and 1%, Kadazan. Table 2 presents the 
clinical characteristics of the studied population. 
Looking at the number of cardiovascular risk 
factors displayed by participants, 31.5% had 1 risk 
factor, and 44.4% had more than 1 risk factor.
 Table 3 shows the prevalence of blood 
pressure in the hypertensive range, obesity, blood 
cholesterol level, and blood glucose level in the 
at-risk range and their relationships with socio-
demographic factors. The prevalence of blood 
pressure in the hypertensive range was 43.1%. 
Within the affected group, the highest percentage 
was found among the older age group (above 60 
years), and the prevalence of high blood pressure 

increased as age increased. This difference was 
found to be significant (P = 0.001). Females were 
found to have higher blood pressure readings 
than males, but this difference was not significant  
(P = 0.413). The systolic blood pressure (SBP) 
of the respondents ranged 90–180 mmHg, with 
a mean of 125.3 mmHg (SD 13.8). The diastolic 
blood pressure (DBP) ranged 50–100 mmHg, 
with a mean of 80.9 mmHg (SD 12.2). The 
mean SBP for males (125 mmHg, SD 12.6) was 
not significantly different from that of females                                                                     
(125 mmHg, SD 14.8). Similarly, the mean DBP for 
males (81 mmHg, SD 13.9) was not significantly 
different from that of females (81 mmHg,SD 10.5).
 The prevalence of obesity was 49.0%. The 
highest rate of obesity was found among those 
who were 40–49 years old (41.9%), followed by 
those who were 50–59 years old (29.9%). The 
mean BMI was 25.26 kg/m2 (SD 5.04). The BMI of 
respondents ranged 11.58–56.29 kg/m2. Obesity 
prevalence was higher among females than males. 
 The blood cholesterol level of the respondents 
ranged 2.59–7.71 mmol/L, with a mean of 4.6 
mmol/L (SD 0.8). The cholesterol level increased 
as age increased, with the highest levels found 
in the 50–59 year-old age group. Females were 
found to have higher blood cholesterol levels than 
males.
 The blood glucose levels ranged 0.3–28.0 
mmol/L, with a mean of 7.4 mmol/L (SD 3.4). 
Similar to blood cholesterol level, blood glucose 
level showed the same pattern of increasing with 
age. The age group with the highest prevalence 
of at-risk blood glucose levels was the 50–59 
year-old group. This difference was found to be 
significant (P = 0.008). In terms of gender, males 
had higher blood glucose levels than females. 
 In determining an association between BMI 
and hypertension, the study found that those who 
were obese were 2.6 times more likely to have 
blood pressure readings in the hypertensive range 
than those who were not obese (Table 4). Similar 
patterns were found for blood glucose level; obese 
participants had 2.9 times the risk of having at-
risk blood glucose levels than those with a normal 
BMI. All these associations were found to be 
significant.

Discussion

 The overall prevalence of blood pressure in 
the hypertensive range was higher in our study 
(43.1%), compared with the 36.9% in rural areas 
reported in the 3rd Malaysian National Health 
and Morbidity Survey (NHMS 3) (10). This could 
be due to the mean age of 49.87 years old in our 
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table 3: Prevalence of blood pressure at hypertensive range, obesity, blood cholesterol level, and blood 
glucose level at risk of cardiovascular diseases in relation to age group and gender

Factors blood pressure at 
the hypertensive 

rangec

Obesity blood 
cholesterol

at riskd

blood glucose at 
riske

 (n = 44)  (n = 117)  (n = 50)  (n = 120)
Age group 
(years)a

<39   4.5 (2.4,12.1) 12.8 (22.1,53.0) 12.0 (3.0,26.6) 10.0 (15.2,44.3)
40–49 25.0  (6.7,21.4) 41.9 (49.0,71.4) 34.0 (12.2,29.5) 30.0 (32.0,54.4)
50–59 31.8 (11.2,30.8)  29.9 (39.3,64.0) 32.0 (13.6,33.7) 37.5 (54.3,77.1)
>60 38.6 (21.1,49.0) 15.4 (23.0,52.1) 22.0 (11.0,35.3) 22.5 (42.9,71.2)

P value      0.001         0.083 0.724 0.008
Genderb

Male 40.9 (9.6,23.5) 39.9 (32.0,50.0) 40.0 (11.0,25.5) 51.7 (46.0,65.3)
Female 59.1 (13.2,27.0) 60.1 (48.8,65.1) 60.0 (16.3,31.0) 48.3 (36.1,54.0)

P value 0.413 0.004     0.192 0.136
Data are expressed in prevalence in percentage (95% confidence interval). Statistical analysis was done using aFisher exact test and 
bchi-square test. cBlood pressure at hypertensive range ( systolic ≥140 mmHg and/or diastolic ≥90 mmHg) , dBlood cholesterol 
level >5.2 mmol/L, and eBlood glucose level <5.6mmol/L were considered as at risk of cardiovascular diseases. 

study population, which is much older than the 
mean age nationally. In comparison with other 
Asian countries, the prevalence of blood pressure 
in the hypertensive range reported herein was 
higher than that reported for the adult urban 
and rural populations of China (11) and other 
countries (11,12). 
 The prevalence of hypertension varies 
between 15% and 35% in urban adult populations 
of Asia. In rural populations, the prevalence is 2 to 

3 times lower than that in urban populations (12). 
However, in the NHMS 3 (10), rural areas were 
found to have a higher prevalence of hypertension 
than urban areas. One possibility is that the rural 
population in Malaysia is older than the urban 
population, and the risk of hypertension increases 
with age. Looking at gender specifically, our 
study found that females had a higher prevalence 
of blood pressure in the hypertensive range 
than males (59.1% versus 40.9%, respectively); 

table 2: Clinical characteristics of the studied population
Characteristics All

(n = 238)
Males

(n = 111)
Females
(n = 127)

Age (year) 49.87 (11.83) 52.97 (12.08) 47.17 (10.95)
Weight (kg) 62.37 (14.16) 63.52 (14.73) 61.38 (13.63)
Height (m) 1.57 (0.08) 1.62 (0.07)  1.53   (0.06)
BMI (kg/m2) 25.26 (5.04) 24.19 (4.91) 26.18 (4.99)
Systolic BP (mmHg) 125.28 (13.78) 125.36 (12.6)  125.22 (14.77)
Diastolic BP (mmHg) 80.92 (12.24) 81.18 (13.99) 80.7 (10.53)
Total cholesterol (mmol/L) 4.56 (0.82) 4.47  (0.74)  4.63 (0.87)
Fasting blood sugar (mmol/L) 7.40 (3.39) 7.62  (3.49)         7.21 (3.29)
Data are expressed in mean (SD).
Abbreviations: BMI = body mass index, BP = blood pressure
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table 4: Association of blood pressure at hypertensive range, obesity, blood cholesterol and glucose  
at risk to obesity

Factors Category of bMi P value Odd ratio
(95% Ci)non-obese    Obese total

blood Pressure

Normal 107 (55.2) 87 (44.8) 194 (100) 0.007  2.635
At riska 14 (31.8) 30 (68.2) 44 (100) (1.32, 5.28)

blood cholesterol level

Normal 101 (53.4) 88 (46.6) 189 (100) 0.149   1.664

At riskb 20 (40.8) 29 (36.1) 49 (100) (0.88, 3.15)

blood glucose level

Normal 76 (63.9) 43 (36.1) 119 (100) <0.001  2.906

At riskc 45 (37.8) 72 (60.5) 119 (100) (1.72, 4.92)
Data are expressed in number of participants (percentage). Statistical analysis was done using chi-square test. aBlood pressure at 
hypertensive range (systolic ≥140 mmHg and/or diastolic ≥90 mmHg) , bblood cholesterol level >5.2 mmol/L, and cblood glucose 
level <5.6mmol/L were considered as at risk of cardiovascular diseases.
Abbreviations: BMI = body mass index.

however, these differences were not significant. 
This finding is consistent with the Malay sample in 
Singapore (13), but it contradicts a national study 
in Malaysia (14). This is likely due to the fact that 
more than one-third of the studied population was 
more than 60 years old and may have undergone 
menopause, thus their endogenous oestrogen 
levels were lower and the protective effect of 
oestrogen on blood pressure was diminished. 
However, as this is a preliminary study, a more 
comprehensive study should be done to confirm 
this finding. 
 Participants who were above 60 years old 
had the highest prevalence of blood pressure in 
the hypertensive range (38.6%) compared with 
other age groups. This finding is consistent with 
2 local studies (15,16) and the study on the adult 
population in China (11);  hypertension, namely 
systolic hypertension, has been shown to increase 
with age. 
 The overall mean BMI was 25.26 kg/m2, with 
the highest obesity rate (41.9%) found among 
those in the 40–49 year-old age group. The 
overall prevalence of obesity was 49.0%, a figure 
that is alarming when compared with studies in 
other Asian countries, including China (11,17,18) 
and India (19). This figure is comparable to the 
findings of a study that involved 4 communities 
of Latin American countries where a BMI of more 
than 25 kg/m2 was seen in more than 50% of their 
populations (20). 
 The prevalence rate of obesity reported by 
the NHMS 3 (10) was 29.1%. However, this figure 

reflects the BMI classification previously used by 
the Ministry of Health (21), wherein obesity was 
set at BMI of more than 30 kg/m2. The latest BMI 
classification for obesity established by WHO/
IASO/IOTF (6) was set at 25 kg/m2. Females had 
a higher prevalence of BMI in the obese range 
than males: 60.1% and 39.9%, respectively. This 
finding is consistent with other local studies 
(10,15) in which females were found to have a 
higher prevalence of obesity than males. This 
issue has become an emerging paradox in most 
developing countries. A possible explanation is 
that females tend to gain the greatest amount of 
weight during their childbearing years (between 
25 and 44 years old) (22). Some women engage 
in binge eating, even though food is consistently 
available (23). As the studied population comes 
from rural areas, another possible cause of obesity 
among females is the consumption of cheaper and 
less nutritious (more calorie-dense) food. The lack 
of choices with respect to availability and type of 
food can influence the intake of food.
 The mean cholesterol levels of males and 
females were 4.47 mmol/L (SD 0.74) and 4.64 
mmol/L (SD 0.87), respectively. These findings 
were comparable to those reported in a study in 
a rural population in India (19), but they were 
lower than those reported in a study of a rural 
population in Papua New Guinea (24). There was 
no significant difference by gender; both males 
and females had mean blood cholesterol level of 
less than 5.2 mmol/L, as recommended by the 
NCEP ATPIII (8). Based on this cut-off point, 
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21.6% of participants were found to be at high 
risk of hypercholesterolaemia, with the 40–49 
age group having the highest prevalence of at-risk 
cholesterol levels (34.0%), followed closely by the 
50-59 age group (32.0%). The overall prevalence 
rate was similar to that reported in a study in 
Singapore where the overall prevalence for both 
males and females was 23.5% (13). However, this 
prevalence is lower than that reported in urban 
and rural populations in China (11), even though 
the Chinese population has a lower prevalence 
of hypertension. This is rather interesting as 
cholesterol level is usually associated with 
hypertension. This difference could be due to 
ethnic variation, as the majority of the respondents 
in this study consisted of Malay and the Chinese 
study consisted only of Chinese. The cultural 
practices that influence behaviour in terms of 
eating and socializing could have contributed to 
this difference in health status. This study found 
that females had a higher prevalence of blood 
cholesterol in the at-risk range than males, which 
contradicts the study conducted in Singapore 
(13). However, the differences found in this study 
were not significant.
 The blood glucose profile followed a slightly 
different pattern than blood cholesterol profile, 
where the highest prevalence for blood glucose in 
the at-risk range was among the 50–59 year-old 
age group (37.5%), followed closely by the 40–49 
year-old age group (30.0%). This finding differs 
from the studies by Norimah and Haja (16) and 
Rampal et al. (25) in which both blood profiles 
increased with age. One possible explanation is 
that the older group’s blood glucose level may 
have been under control due to medication. This 
study did not explore the question of whether 
respondents were previously diagnosed and were 
already under medical treatment or follow-up; 
therefore, this possibility cannot be explored 
further. 
 The overall mean blood glucose levels found 
herein were higher than those found in the rural 
population in China (11), with a difference of 2.5 
mmol/L. It must be noted that the consumption 
of high sugar foods is very common in rural 
communities, particularly among the Malays; 
their drinks and cuisine tend to be high in sugar. 
Studies in Singapore (13) also report higher 
consumption of total energy among Malays than 
among Chinese.
 As individuals approach the age of 50 and 
above, the chances of having more than 1 risk 
factor for CVD increases. We found that 44.4% 
of the participants had more than 1 risk factor, 
and 49.0% of the respondents were obese 

and thus more likely to have hypertension, 
hypercholesterolaemia, and hyperglycaemia 
than their non-obese counterparts. Female 
respondents showed a relatively higher 
prevalence of obesity, hypertensive blood 
pressure readings, and hypercholesterolaemia 
than males. Further studies need to be done to 
assess the main contributing factors associated 
with obesity, hypertensive blood pressure, and 
hypercholesterolaemia in this group of females.  
 Although it was speculated that the CVD 
risk factors for this rural population would occur 
in similar patterns to other rural communities 
(17,24), the findings indicated otherwise. In this 
survey, the prevalences of all CVD risk factors 
(BMI, SBP, DBP, total cholesterol, fasting blood 
glucose) were high, which was similar to the 
patterns found in an urban population in China 
(18). One possible reason could be that the villages 
were located adjacent to the city and thus were 
exposed to the influence of urbanization. Such 
influences include those that affect lifestyle and 
eating behaviours. 
 This is a preliminary study assessing the 
prevalence of several modifiable CVD risk 
factors. Because this study was carried out among 
selected villages in the rural areas of Kuching 
and Samarahan division, generalisation can only 
be extended to other sites with similar socio-
demographic characteristics. The determination 
of cholesterol and glucose by finger-prick method 
was a preliminary screening and only provided 
initial information regarding the state of the 
respondents. Further comprehensive diagnostic 
measures would be needed to confirm the 
condition of respondents. Additional information 
about CVD-related disease status, family history 
of CVD-related disease, behavioural risk factors, 
eating habits, and smoking would help us to 
understand more about the relationship between 
CVD and its risk factors. We hope that with these 
preliminary findings, a more comprehensive 
study can be carried out in the future. 

Conclusion

 The overall results indicate that the risk of 
developing lifestyle-related diseases is no longer 
based on geographic or socio-economic factors, 
including the differences between urban and rural 
populations. Assessment of the effectiveness of 
current health interventions needs to be carried 
out more frequently to ensure that all segments 
of society acquire the necessary knowledge. 
Various health promotion modalities, such as 
mobile health screening clinics and radio shows, 
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should be carried out at the community level 
to reach villagers, and these health promotion 
activities should be continuously monitor and 
motivate community to change their lifestyle and 
eating habits. In addition, public health capacity 
and infrastructure must be strengthened in rural 
areas to provide adequate surveillance and the 
assurance that best practices are implemented. 
Moreover, future approaches in the design and 
delivery of health education need to consider the 
factors discussed here.
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Abstract                                                                                                                                                                                                                                                                                           

 bacille Calmette–Guerin (bCG) vaccination for protection against tuberculosis has been in 
use for long. Although the vaccine is safe, its administration can result in complications such as bCG 
adenitis. We report here a series of children with bCG adenitis with a view to recognise and manage 
this condition. It is hoped that this case series would encourage the increased identification of this 
condition. 

Keywords: adverse effects, axilla, BCG, children, lymphadenitis, vaccines

Introduction

 The incidence of smear-positive tuberculosis 
(TB) was 63.6 per 100 000 population in 1997 
and 45 per 100 000 in 2007 (1). Bacille Calmette–
Guerin (BCG) vaccination was introduced in the 
Malaysian Immunization Scheme since 1961 
(2). Malaysian healthcare system practices BCG 
vaccination by giving a single intradermal injection 
of 0.05 mL Tokyo 172 BCG strain for children less 
than 1 year old at left deltoid soon after birth. A 
repeat dose of 0.1ml is given for children at 6 years 
of age if no scar was formed after the first injection 
(1). The incidence of suppurative lymphadenitis 
due to BCG vaccination is 100–1000 per million 
doses administered (3).

Subjects and methods

 We reviewed the case notes of children with 
BCG adenitis attending the paediatric surgical 
clinic from January 2009 to January 2010. The 
children were followed-up to document the course 
of adenitis within the study period. The parents 
of these children were human immunodeficiency 
virus (HIV)-negative.
 BCG adenitis was labeled based on 
the following criteria: isolated axillary or 
supraclavicular lymph node enlargement, BCG 
vaccination on the ipsilateral arm, and the absence 
of local or systemic signs of inflammation (4). 
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Results
 Over the 1-year study period, 6 children 
presented with BCG adenitis to the paediatric 
surgical clinic. The age range was 2–5 months 
at presentation. Clinical presentation included 
left axillary nodes and BCG scar in all cases, with 
supraclavicular neck nodes and chest wall mass in 
case each. Three patients were referred from the 
emergency department, and the remaining 3 were 
referred by general practitioner, paediatric clinic, 
and district clinic.
 Out of the 6 children, 3 children were 
subjected to needle aspiration in view of the node 
size and suppuration, and the outcomes were 
good. Acid-fast staining of the aspirated pus failed 
to show presence of acid-fast bacilli. Cultures of 
the aspirates were negative. Further tests, such 
as the polymerase chain reaction assay, were not 
available and hence not done. On follow-up, 4 
children showed complete resolution of the nodes 
over a period of 4–6 months, and 2 children with 
partial resolution are currently under review as 
the follow-up is less than 2 months. None of the 
children required excision or anti-TB therapy. 
The results are summarized in the Table 1.

Discussion

 BCG vaccine was introduced to the world 
in 1921. It was incorporated in the World Health 
Organization (WHO)’s Expanded Program on 
Immunization in 1974 to strengthen the fight 
against TB meningitis and disseminated TB in 
young children and infant of developing country. 
To date, BCG is the only TB vaccine available. 
Although it does not prevent the establishment of 
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primary TB infection or the reactivation of latent 
TB, BCG vaccine is considered an important part 
of TB control measure in endemic areas. In 2004, 
WHO has recommended general BCG vaccination 
in countries with high burden of TB. At present, it 
is estimated that 100 million children receive BCG 
vaccination each year (5).
 The original BCG vaccine is a live-attenuated 
form of Mycobacterium bovis. Four main BCG 
vaccine strains, namely Pasteur strain 1173, 
Danish strain 1331, Glaxo strain 1077, and Tokyo 
strain 172, account for almost 90% vaccination 

worldwide. According to the different strains and 
their production, the concentration ranges from 
50 thousand to 3 million live particles per dosage 
(3). Among those BCG strains available, Tokyo 
172 strain was registered as an International 
Reference Strain in 1965 by WHO (6). According 
to Smith et al. (7), animal immunogenicity study 
showed that Glaxo 1077 and Tokyo 172 are 
“weak” strains, whereas Pasteur 1173 and Danish 
1331 are “strong” strains; the BCG vaccination 
complication rate differs between “strong” and 
“weak” strains. Hooi et al. (8) reported a series of 

table 1: Summary of case series
Case 1 Site Presenting symptom Size

Age: 2 months

Left axilla Painless firm mass 2 × 2 cm
referral Management Follow-Up

General practitioner Conservative Complete resolution
(4 months)

Case 2 Site Presenting symptom Size

Age: 3 months

Left axilla,
left supra-clavicular

Suppurative mass 3 × 2 cm, 1 × 1 cm

referral Management Follow-Up
Emergency department Needle aspiration Complete resolution

(5 months)
Case 3 Site Presenting symptom Size

Age: 3 months 

Left axilla Fluctuant mass 2 x 2 cm, 1 x 1 cm
referral Management Follow-Up

District clinic Needle aspiration Partial resolution, on 
follow-up (2 months)

Case 4 Site Presenting symptom Size

Age: 3 months

Left axilla Painless firm mass (Figure 1) 2 × 2 cm
referral Management Follow-Up

Emergency department Conservative Complete resolution
(4 months)

Case 5 Site Presenting symptom Size

Age: 4 months

Left axilla Painless firm mass 2 × 1 cm
referral Management Follow-Up

Paediatric clinic Conservative Partial resolution
(4 months)

Case 6 Site Presenting symptom Size

Age: 5 months

Left chest, left axilla Painless fluctuant chest 
mass, painless firm axillary 
mass

2 × 1 cm, 1 × 1 cm

referral Management Follow-Up
Emergency department Chest wall suppuration 

aspirated
Complete resolution
(6 months)
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Figure 1: The hollow arrow points to the BCG  
adenitis. The solid arrow indicates the 
BCG scar.

638 BCG-related lymphadenitis in infants due to 
the change in the vaccine strain from  Tokyo-172 
to Pasteur-1173. The incidence of lymphadenitis 
declined after the Tokyo strain was reintroduced. 
The BCG strain, immunization technique, dose, 
age, and physique of the vaccinees influence the 
incidence of complications (4,6).
 Complications due to BCG vaccination can be 
classified into mild and severe. Mild complications 
are usually localized, and the most commonly 
seen complication is regional lymphadenitis. 
Cutaneous complications, such as lupoid reaction 
and eczema vaccinatum, form part of the mild 
spectrum of complications. The incidence of 
mild complication due to BCG is less than 1 per 
1000 cases (5). Severe complications caused by 
BCG are suppurative lymphadenitis, osteitis/
osteomyelitis, and disseminated BCG infection. 
Their incidence rates are 100–1000 cases, 1–700 
cases, and 2 cases per 1 million vaccinations, 
respectively (3). In our series, true incidence 
could not be determined as all post-BCG children 
were not seen routinely in the surgical clinic.
 Mild complications due to BCG usually heal 
spontaneously and require no treatment (1). In 
the natural course of BCG lymphadenitis, it could 
develop into simple, non-suppurative form and 
suppurative form. Diagnosis of BCG lymphadenitis 
is clinical, and its criteria are as listed in the 
Subjects and Methods section. Simple BCG 
lymphadenitis will regress spontaneously over a 
period of a few weeks without the need for anti-
TB therapy. Treatment with oral erythromycin 
and anti-TB drugs do not hasten the regression 
or prevent progression into suppuration (4,9). 
Reassurance and follow-up until resolution is 
recommended. In our series, all of the children 

responded well to the management of drainage or 
needle aspiration without the need for excision.
 The suppurative form of BCG lymphadenitis is 
considered as a severe complication. Its incidence 
is declining due to better inoculations technique 
by well-trained staff, using a standardized freeze-
dried vaccine (3). It is distinguished by the fluctuant 
consistency of the swelling, with erythema and 
oedema of the overlying skin. The suppuration 
could develop into spontaneous rupture, sinus 
formation, and later, healing by cicatrization. The 
sinus may persist for a few months. To prevent 
these complications and to hasten healing 
process, needle aspiration is recommended. It is 
safe, and usually, one aspiration is adequate, but 
some patients might need repeated aspiration. 
Surgical excision is recommended in cases with 
draining sinus or failed needle aspiration due to 
multiloculated abscess or matted lymph node (4).
 We ascertained that the children in the series 
were vaccinated by trained staff, though we could 
not confirm the technique or dosage.
 The incidence of chest wall abscess associated 
with BCG vaccination is unknown due to its rarity. 
Although the effort on isolating BCG from the 
drained pus is futile, diagnosis could be confirmed 
either by demonstration of characteristic features 
in histopathology of the lesion or through genetic 
analysis with polymerase chain reaction assay 
(10). Confirmed cases can be treated surgically 
and followed by a course of anti-TB therapy for 6 
to 12 months based on the culture and sensitivity 
result (11). A recent review states that node size 
of more than 3 cm warrants surgical therapy and 
does not respond to medical treatment (12). None 
of the children in our series required additional 
treatment, such as node excision or anti-TB 
therapy.
 BCG osteitis/osteomyelitis and 
disseminated BCG infection are rare but 
potentially lethal conditions (10). They are 
associated with immunodeficient vaccinees 
with primary immunodeficiency disorder such 
as severe combined immunodeficiency, chronic 
granulomatous disease, DiGeorge syndrome, 
type 1 cytokine axis defects, and HIV infection 
(3,5,13,14). Treatment with anti-TB drugs, 
including isoniazid and rifampicin, has been 
shown to be effective (13). As a preventive 
measure, BCG vaccine is contraindicated in 
patients with known impaired immunity or 
undergoing immunosuppressive therapy (3,5).
 A preliminary survey among paramedical 
personnel at our institution revealed that only 
60% acknowledged the entity of BCG adenitis.
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Conclusion

 Simple BCG lymphadenitis is best managed 
conservatively, but suppuration should be 
aspirated to enhance recovery and prevent sinus 
formation. Surgical excision, but not incision, is 
recommended if needle aspiration fails. Other 
complications, such as chest wall abscess, 
might necessitate surgical intervention followed 
by a course of anti-TB therapy. Screening of 
immunodeficiency disorder needs to be considered 
in children who develop severe complication 
due to BCG vaccination. Parental education 
and awareness among paramedical personnel, 
including general practitioners, is essential so 
that prompt recognition and management of BCG 
adenitis can be ensured.
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Introduction

 Primary tumours originating from blood 
vessels are rare. They almost exclusively arise 
from veins and most commonly originate in the 
inferior vena cava (IVC). Their histology is almost 
exclusively leiomyosarcoma (1). Therefore, 
paraganglioma is even rarer to originate from 
IVC, as it is a tumour of neuroectodermal origin 
and classified as extra-adrenal paraganglioma. 
A study done in a large paediatric cancer centre 
over a 22-year period showed that extra-adrenal 
paraganglioma constitutes only 0.034% of the 
patients evaluated for non-haematological 
malignancy (2). Unfortunately, both IVC tumours 
and paragangliomas are largely vascular tumours, 
which makes pre-operative tissue diagnosis and 
complete surgical clearance challenging and, 
possibly, mutilating (3). This case report discusses 
the imaging features of a rare cause of IVC tumour 
and the value of pre-operative embolisation of the 
tumour supply prior to operation.

Case Report

Submitted: 11 Aug 2010
Accepted: 5 Nov 2010

Case Report

 A previously healthy 13-year-old boy 
presented with a 3-month history of lethargy and 
shortness of breath, with associated progressive 
abdominal distension. He was found to be 
anaemic in his initial blood investigation; he was 
then transfused with packed cells. There was no 
associated symptom of high catecholamine, such 
as hypertension or tachycardia. Initial computed 
tomography (CT) scan showed an IVC tumour.
 A presumptive diagnosis of IVC tumour was 
made, and he was referred to our institution’s 
vascular team for further management. The issue 
of pre-operative biopsy was discussed at length. 
A detailed ultrasound of the abdomen with 
Doppler study was done to assess the vascularity 
of the tumour. It showed a circumferential mass 
within the IVC wall. It was highly vascular and 
demonstrated a floating intraluminal thrombus 
(Figure 1). Based on the vascularity of the tumour, 
an ultrasound-guided biopsy with interventional 
and surgical backup was planned. He was 
allowed home leave before the planned high-risk 
procedure.
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Abstract
 We report a case of a 13-year-old boy who complained of progressive abdominal distension and 
symptoms of anaemia. radiological investigations revealed that the child had a hypervascular tumour 
of the inferior vena cava (iVC). Unfortunately, the child presented with acute lower gastrointestinal 
bleed soon after the investigation. He underwent an urgent pre-operative embolisation, aimed to 
reduce the tumour vascularity. A total resection of the tumour, right nephrectomy, and partial 
duodenal resection were done within 24 hours post-embolisation. the child was stable post-
operatively. the histopathological examination revealed chromogranin-positive paraganglioma 
originating from the IVC. We highlight the radiological findings of rare primary IVC paraganglioma 
and the role of embolisation prior to surgical removal of the tumour.
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 Unfortunately, the child developed malaena 
and haemetemesis at home, with associated 
symptoms of anaemia. An urgent CT scan of the 
abdomen was done to rule out intra-abdominal 
gastrointestinal bleed due to tumour invasion. 
It showed a huge IVC tumour with intraluminal 
thrombus (Figure 2). In view of the active 
gastrointestinal bleed, pre-operative angiography 
was performed with an anticipation of embolising 
the major feeding vessels. Pre-embolisation 
anatomy revealed major feeding vessels from 
the 3 right lumbar arteries and ileocolic branch 
of the superior mesenteric artery (SMA); 2 of 
the lumbar arteries and the SMA branch were 
successfully embolised with gold particulates 
(EmboGold) using a 4Fr microcatheter. Post-
embolisation films showed marked reduction 
in the vascularity of the lesion (Figure 3). Pre-
operative diagnosis at that time was IVC tumour, 
most likely leiomyosarcoma.
 The child underwent laparatomy 1 day after 
the embolisation. Intra-operative findings showed 
an intraluminal IVC tumour that was densely 
adhered to the right kidney as well as the second 
and third part of duodenum. The right ureter was 
wrapped by the tumour and displaced laterally. 
Therefore, the whole tumour was dissected away 
from the aorta and resected. Right nephrectomy 
and resection of the second and third part of 
duodenum were done. Sutures closed both ends 
of the IVC stump. There was minimal intra-
operative blood loss (less than 1 litre).

Figure 1: Abdominal ultrasound of the patient in (a) longitudinal and (b) transverse view at the level  
of supraumbilicus. (a) There is a mass arising from the inferior vena cava (IVC) wall, which 
protrudes into the lumen (arrow). (b) The mass circumferentially involved the IVC wall, 
causing narrowing of the lumen (arrows).

Figure 2: Abdominal computed tomography 
scan that was done at the time the 
child presented with gastrointestinal 
bleed shows a large heterogeneous 
inferior vena cava (IVC) mass, which 
is highly vascular with thrombus 
within the IVC lumen (white arrow). 
There is no clear fat plane between 
the mass and aorta (black arrow).

 The post-operative period was uneventful, 
and the child was discharged after Day 15, when 
oral feeding was well tolerated. Histopathological 
examination was reported as IVC paraganglioma 
with positive chromogranin. There was no 
evidence of invasion of the right kidney or the 
adherent duodenum. There was also no evidence 
of metastatic lymph nodes in the specimen. The 
child was well upon follow-up at 1 month after 
discharge.
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Discussion
 
 Paragangliomas are rare neural crest 
neoplasms arbitrarily classified by their 
relationship to the adrenal gland. Adrenal-
medullary tumour (phaeochromocytomas) occurs 
9–10 times more often than the extra-adrenal 
paragangliomas (2–4).
 The most common sites of extra-adrenal 
paragangliomas are the para-aortic region at 
the level of renal hila (46%), at the organ of 
Zuckerkandl (29%), thoracic para spinal region 
(10%), bladder (10%), and head and neck (2%–
4%). Paragangliomas may be multicentric, 
manifesting as unilateral or bilateral lesions, 
and occurring synchronously or metachronously 
(3). Extra-adrenal paragangliomas are more 
likely to be malignant (40%) than adrenal 
phaeochromocytomas (2%–11%). It can be 
associated with several familial syndromes, 
including multiple endocrine neoplasia type 
2A and type 2B, neurofibromatosis type 1, and 
Carneys triad (2,4,5). 
 These tumours secrete epinephrine 
and norepinephrine, which clinically result 
in hypertension, headaches, sweating, and 
palpitations (2,6). The biochemical diagnosis 
is aimed in determining catecholamine levels 
(epinephrine, norepinephrine, and dopamine) as 
well as their 24-hour urine metabolites, which was 
found to be around 90% sensitive (7). The patient 

Figure 3: (a) Abdominal aortogram shows tumour blush (white arrows) 
at the inferior vena cava. (b) Post-embolisation abdominal 
aortogram shows complete absence of the tumour blush.

did not have any catecholamine symptoms,which 
made the diagnosis of paraganglioma was 
not suspected prior to surgery. The urine 
catecholamine test was not performed in this 
patient, as he did not show symptoms of high 
catecholamines pre- and post-surgery. Tekautz et 
al. (2) reviewed 8 paediatric patients (mean age of 
11.4 years) with extra-adrenal paraganglioma and 
reported that urine catecholamine test was not 
done routinely in these cases. In his review, urine 
catecholamines were measured in only 1 patient 
after operation when he was hypertensive post-
operatively, whereby the results were within the 
normal limits.
 Extra-adrenal paragangliomas, by virtue of 
their rarity, are less described with regard to the 
imaging features. Extra-adrenal paragangliomas 
have nearly identical imaging features, including 
a homogenous or heterogeneous hyperenhancing 
soft-tissue mass at CT, multiple areas of signal 
void interspersed with hyperintense foci (salt–
pepper appearance) within tumour mass at 
magnetic resonance imaging (MRI), and an 
intense tumour blush with enlarged feeding 
arteries at angiography (5).
 Sahdev et al. (4) described that 13 of the 15 
cases of extra-adrenal paraganglioma in their 
series showed heterogeneous masses on CT and 
MRI, with avid enhancement. There was central 
necrosis, but with avid peripheral enhancement 
in the larger tumour section, as in this case. The 
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study concluded that the large retroperitoneal 
paragangliomas demonstrated no unique features 
on CT and MRI. Their appearances overlapped with 
the reported appearances of other retroperitoneal 
tumours, particularly neurofibromas, neuromas, 
and sarcomas.
 Angiography of the tumour prior to operation 
helps to provide information concerning vascular 
supply of the tumour, patency of the arterial 
supply of the surrounding organs (i.e., bowels and 
kidneys), and allows subsequent pre-operative 
embolisation, which is valuable for pre-operative 
planning. Most tumours are hypervascular and 
have blood supply from more than one artery. 
The primary vessels supplying these tumours are 
the lumbar arteries. In addition, other vascular 
supplies of the tumour are the celiac, mesenteric, 
or renal arteries (8). Bourke et al. (3) reported 
a case of a retroperitoneal paraganglioma that 
received vascular supplies from 3 lumbar arteries 
and a right lower pole renal vessel. Our patient 
had arterial supply from the lumbar arteries as 
well as superior mesenteric artery.
 Pre-operative embolisation is a useful 
procedure to optimize operative conditions as 
it allows avoidance of excessive intra-operative 
blood loss and possible injury to nearby structures 
from poor operative field visualization (3). 
Experienced interventional radiologist is needed 
to plan the degree and timing of intervention; 
this is to avoid complications in the child, such 
as pain and infection. Bourke et al. (3) suggested 
that embolisation is best undertaken within 24 
hours of expected definitive operation. In fact, our 
patient underwent the surgical debulking of the 
IVC tumour within 24 hours post-embolisation, 
with an excellent result of complete resection and 
minimal blood loss.
 In conclusion, the long-term outcome of 
paragangliomas can be difficult to predict, but 
complete surgical resection gives the best chance 
of long-term cure (3). Despite of absence of high-
catecholamine symptoms, such as hypertension, 
the diagnosis of paraganglioma need to be 
considered in a retroperitoneal tumour, which 
then warrants further biochemical investigation. 
Even though there is no specific imaging feature 
for retroperitoneal IVC paraganglioma, CT scan 
and MRI would help in planning the plane of the 
tumour with surrounding structures. In addition, 
angiography helps in terms of identifying the 
feeding vessels with definitive pre-operative 
embolisation of the feeding arteries, which will 
reduce the risk of intra- and post-operative 
morbidity.  
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Abstract
 We report a case of open fracture of the clavicle with subclavian artery and vein laceration and 
perforation of the parietal pleural below the first rib that caused massive haemothorax. Emergency 
thoracotomy and exploration followed by repair of both vessels were able to salvage the patient and 
the extremity.

Keywords: bone fractures, clavicle, haemothorax, subclavian artery, trauma

Introduction

 Fracture of the clavicle is common, 
accounting 5% of all fracture cases. Damage 
to the neurovascular structure associated with 
fracture of the clavicle, however, is rare and more 
frequently related to penetrating injuries (1). To 
the best of the authors’ knowledge, the incidence 
of open fracture of the clavicle and subclavian 
vascular injury with penetrating injury to the 
pleura has not been documented in the literature.  

Case Report

 A previously healthy 19-year-old helmeted 
man on a motorbike had a head-on collision with 
a lorry at the speed of approximately 100 km/h. 
He was brought by passers-by to our institution 
within an hour after the accident. The patient was 
alert and oriented, with continuous bleeding from 
a 4.0-cm wound in the upper left chest, which 
was packed with sterile gauze and compressive 
dressing. The left upper limb was dusky, with 
absence of radial and ulnar pulses. Emergency 
chest radiography revealed extensive left pneumo-

Case Report

Submitted: 18 Apr 2010
Accepted: 14 Dec 2010

haemothorax, with mediastinal shift to the right 
side and left medial third clavicle fracture with 
significant displacement (Figure 1). He also had 
left femur and segmental mandible fracture. 
 A left tube thoracostomy initially returned 
1000 mL of blood, with continuous drainage 
of 800 mL over 2-hour period. Aortic arch and 
selective left subclavian artery angiography 
revealed tapering of subclavian artery, with filling 
defect at the distal end due to spasm-associated 
complete thrombosis (Figure 2). Upper limb 
venography showed non-opacification of the distal 
cephalic vein and multiple collaterals seen from 
the cephalic and subclavian veins that resulted 
from compressive dressing (Figure 3). There 
was no evidence of extravasation of intravenous 
contrast from the vessels into the chest or around 
the injured area.
 While the patient was induced and under 
mechanical ventilation prior to the surgery, there 
was gushing of blood from the wound; local 
exploration at the time was highly suspicious of 
intra-thoracic bleeding. Thoracotomy through 
left posterolateral approach revealed a collection 
of 1500 mL of blood and clots, with a 2.0-cm 
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laceration at the left middle lobe and apical lung 
contusion. There was 2.0 × 2.0 cm perforation 
of apical pleural below the first rib with avulsion 
fracture of the latter. Exploration of the subclavian 
vessels revealed 1.0-cm laceration of vein with 
active bleeding, segmental spasm of subclavian 
artery, and contused brachial plexus (Figure 4). 
Both artery and vein was resected and bypassed 
with reverse saphenous graft (Figure 5). Pleural 
perforation was repaired and medial clavicle was 
stabilised with inter-osseous wiring. The fractured 
femur and mandible were stabilised with plate 
and screwed 48 hours later.
 The patient was ventilated for 48 hours and 
tube thoracostomy was removed at day 3 post-
operatively. There was presence of lower plexus 
neuropraxia, evidenced by weak handgrips, 
power of grade 3. Subsequent chest radiograph 
showed full lung expansion with minimal local 
pulmonary contusion. The patient returned 
home after 12 days of hospitalization with full 
strength and sensation of the left upper limb. At 
3-month follow-up, his radial pulse was equal 
with no neurological deficits and the fractured 
clavicle had united with the help of the in situ wire             
(Figure 6).

Figure 1: Chest radiograph showed massive left  
               pneumo-haemothorax and shift of the 

mediastinum to the right. Note also 
the fracture of the medial third of the 
clavicle, indenting the pleural surface 
inwardly.

Figure 2: Angiography revealed complete cut-
off of the left subclavian artery 
flow. However, there was no leak 
of intravenous contrast to suggest 
extravasation.

Figure 3: Venography of the left upper limb 
showed multiple collaterals and non-
opacification of distal cephalic vein 
before draining into the subclavian 
vein.  

Figure 4: Pleural perforation below first rib. 
Vascular clamp used to control 
bleeding from injured subclavian 
vein. Subclavian artery was spasmed 
and thrombosed.
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Figure 5: Both subclavian vessels were resected 
and bypassed with reverse saphenous 
vein graft.

Discussion

 The initial approaches in subclavian vessels 
injury include aggressive resuscitation of 
hypovolaemic shock, assessment of other injuries, 
and diagnostic angiography, if time permits (2,3). 
External bleeding from the subclavian artery must 
be controlled rapidly, and associated pneumo-
haemothorax must be managed by urgent chest 
thoracostomy. Direct pressure and compressive 
dressing are effective in controlling bleeding in 
urgent situation, particularly in the emergency 
department. Proper compression to the 
subclavian vessels injury produces tamponade, 
and this method is effective in most of the cases. 
Pleural perforation within the injured area can 
drain blood from the injured vessels to the pleural 
cavity, producing massive haemothorax; this 
condition may mislead the judgment that ongoing 
bleeding was controlled. This case highlighted 
that the mediastinum was a potential space 
with negative pressure that was able to collect 
huge amount of ongoing bleeding, which led to 
persistent hypovolaemic shock (3–6).
 The mediastinum and pleural space are 
potential areas to develop hematoma due to 
negative pressure. This will lead to false clinical 
judgment as external bleeding was well controlled 
despite of deteriorating haemodynamic status. 
Lung ventilation produces positive pressure and 
the haemothorax will be pushed through pleural 
perforation mimicking intrathoracic massive 
bleeding.

Conclusion
 
 Clavicle fracture is known as a benign 
condition, but it can potentially lead to 
intrathoracic vascular injury and massive 
haemothorax.
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Introduction

 Phaeohyphomycosis is a heterogeneous 
group of fungal infections caused by a variety of 
naturally pigmented fungi. The aetiological agents 
of this mycosis, which include more than 80 genera 
and species, are common saprophytes found in 
soil, wood, and decaying vegetable matter (1,2). 
Phaeohyphomycosis is rare, although it is more 
common in immunocompromised individuals 
(3). Phaeohyphomycosis affects either superficial 
tissues, such as the skin, cornea, and subcutaneous 
tissue, or deep tissues, such as the brain, and cases 
of phaeohyphomycosis are classified accordingly 
(2). Subcutaneous infection is usually caused 
by Exophiala and Phialophora species (4). The 
infection typically follows traumatic implantation 
of the fungi by a wooden splinter or a thorn prick 
and manifests as a cystic lesion. Herein, we report 
a typical case of a subcutaneous phaeomycotic 
cyst occurring in an elderly woman.

Case Report
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Case Report

 A 60-year-old woman presented with 
painless swelling over the anterior aspect of the 
right leg for the past one and half years. It started 
as a small swelling and gradually reached the 
present size. The patient, a labourer, was pricked 
by a thorn while clearing wild bushes two years 
ago. Swelling was noticed a few months after the 
incident. On examination, her general condition 
was good. She was afebrile. Other systemic 
examination results were within normal limits. 
Local examination revealed a firm, fluctuant, 
mobile swelling measuring about 3×3 cm situated 
over the anterior aspect of the right leg. It was 
not painful or tender. It was not attached to the 
underlying bone. An X-ray of the right leg showed 
a well-circumscribed soft tissue nodule in the 
subcutaneous plane in the anterior aspect of the 
shin (Figure 1). The underlying bone appeared 
normal, with no abnormal lytic or sclerotic lesions 
or cortical breaks. The chest roentgenogram was 
normal. Her haemoglobin level was 9.0 gm/dL, 
sugar 82 mg/dL, urea 34 mg/dL, and creatinine 
1.0 mg/dL. The urinalysis results were normal.

Abstract
 Phaeohyphomycosis consists of a heterogeneous group of fungal infections caused by more 
than 80 genera and species. Subcutaneous infection usually follows traumatic implantation of a 
fungus by a wooden splinter that the fungus inh abits as a saprophyte. the growth of the fungus 
forms verrucous plaques or a painless subcutaneous abscess. We report a subcutaneous cyst 
(phaeomycotic cyst) in the leg of a 60-year-old woman that developed after a thorn prick at that site. 
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cyst. However, histopathological examination of the cyst revealed the typical features of fungus, and 
a definitive diagnosis of a phaeomycotic cyst was made. As the infective aetiology was not considered 
clinically, the specimen was not sent for microbiological culture, and hence the exact species was not 
identified. As the lesion was localised, simple excision was sufficient treatment, and no recurrence 
was observed during 12 months of follow-up. 
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Operative findings
 The soft tissue mass was easily separated from 
the surrounding tissue and was removed in toto. 
When the excised cyst was cut open in the surgical 
theatre, it expelled purulent material (Figure 2). 
The cyst was immersed in 10% formalin and sent 
for histopathological examination.

Histopathological examination
 Microscopy revealed a fibrocollagenous 
cyst wall lined by granulomas, composed of 
foreign-body giant cells, epithelioid cells, 
xanthoma cells, and lymphoplasma cells. Some 
of the giant cells contained fungal hyphae. The 

hyphae were pigmented (Figure 3) and septate. 
Constrictions were present at a few septations, 
forming a structure similar to a bamboo stem                     
(Figure 4). With these histological characteristics, 
the diagnosis of a phaeomycotic cyst was made. 
As the specimen was preserved in formalin, 
fungal culture to identify the species could not be 
performed.

Follow-up
 The suture was removed after 2 weeks, and 
the wound healed well. There was no recurrence 
observed during the 12 months of follow-up.

Figure 1: X-ray showing a well-delineated soft 
tissue mass anterior to the tibia.

Figure 2: The cyst contained purulent material.

Figure 3: Haematoxylin and eosin staining of      
the cyst wall (100× magnification). 
Hyphae are brown in colour (arrow).

Figure 4: Haematoxylin and eosin staining of the 
cyst wall (100× magnification). Hyphae 
showed constriction at the septation, 
similar to bamboo stem (arrow).
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Discussion

 Phaeohyphomycosis infections occur 
worldwide in both animals and humans. These 
infections are more common in immunodeficient 
or debilitated hosts and rarely affect healthy 
individuals (3). Phaeohyphomycosis has been 
clinically divided into superficial (cutaneous 
and corneal), subcutaneous, and systemic 
phaeohyphomycosis by McGinnis (2).
 Subcutaneous phaeohyphomycosis is 
usually caused by Exophiala and Phialophora 
species (4). Occasional cases caused by 
Fonsecaea species have also been reported 
(5). Subcutaneous phaeohyphomycosis usually 
results in a painless subcutaneous abscess or 
in verrucous plaques on the hand, arm, face, or 
neck. Although phaeohyphomycosis has distinct 
clinical features, it is occasionally confused with 
chromoblastomycosis (Table 1).
 Typically, phaeohyphomycosis follows 
traumatic implantation of the fungus by a wooden 
splinter, as in our case. Lymphangitis and regional 
lymphadenopathy are unusual. Hence, infective 
aetiologies are usually not considered. Our case 
was clinically suspected to be an epidermoid cyst.
 The host reaction to phaeohyphomycosis is 
similar regardless of the aetiological agent and the 
anatomic site of involvement. The lesion is usually 
situated in the dermis and the subcutaneous 
plane and is characterised by cyst formation 
with dense collagenous connective tissue and 
central suppurative necrosis. The overlying 
epidermis is usually normal. The wall contains 
compact aggregates of epithelioid histiocytes 
and numerous giant cells. Pigmented moniliform 

fungal elements are usually present inside the 
giant cells or extracellularly in the necrotic debris. 
Fungi may vary in their degree of pigmentation 
and may also appear as infrequently branching 
hyphae measuring 2–6 μm wide. The fungi are 
closely septate and constricted at their prominent 
septations (3). Our case exhibited the typical 
features of phaeohyphomycosis.
 In many cases, identification of the exact 
species is not attempted, as phaeohyphomycosis 
is not suspected clinically. Similarly, in our 
case, an infective aetiology was not suspected, 
and after excision in the operation theatre, the 
cyst was fixed in formalin. When culture and 
identification of species is not pursued, the 
cyst can be histologically differentiated from 
black grain eumycotic mycetoma (Table 2) and 
chromoblastomycosis (Table 3).
 Regarding the management of subcutaneous 
phaeohyphomycosis, excision of the localised 
lesion is usually curative (6). In our case, after 
the local excision, there was no recurrence found 
during the 12 months of follow-up.

Conclusion
 
 Subcutaneous phaeohyphomycosis is a 
rare fungal infection caused by a wide variety of 
dematiaceous fungi. A high index of suspicion 
for infective aetiologies is needed to make a 
proper clinical diagnosis. For a localised lesion, 
simple excision is usually curative. When 
phaeohyphomycosis is not suspected and the 
identification of species by culture is not pursued, 
routine histopathological examination is sufficient 
to arrive at a diagnosis of phaeohyphomycosis.

table 1: Clinical differences between chromoblastomycosis and phaeohyphomycosis
Chromoblastomycosis Phaeohyphomycosis
• Starts as a papule that usually develops into 

a nodule and progresses to multiple nodules 
involving a large portion of the body

• Usually forms a single subcutaneous cyst and 
rarely multiple cysts

• Skin surface is scaly, cracked, or verrucous • Skin surface is usually smooth and uninvolved
• Body reactions against the fungus are 

ineffective, and the infection spreads
• Body reactions produce an effective 

fibrocollagenous tissue capsule around the 
infection and arrest its spread

• Systemic involvement is rare • Cerebral involvement develops from 
respiratory infection

• Excision of the early lesion alone is curative; 
advanced lesions require prolonged antifungal 
treatment

• Local excision is curative; only systemic 
infection requires antifungal treatment
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table 2: Histological differences between black grain eumycotic mycetoma 
and phaeohyphomycosis

black grain eumycotic 
mycetoma

Phaeohyphomycosis

• Forms distinct granules • Never forms tissue granules
• Composed of interwoven mycelial 

aggregates
• Composed of scattered individual 

polymorphous fungal elements
• Organised • Unorganised
• Nearly always extracellular • Often intracellular

table 3: Histological  differences  between  chromoblastomycosis   and 
phaeohyphomycosis

Chromoblastomycosis Phaeohyphomycosis
• Brown, spherical to polyhedral 

thick-walled muriform cells
• Moniliform cells

• 5–12 μm • 2–6 μm
• Muriform cells reproduce by 

septation in 1 or 2 planes
• Moniliform cells

• Do not produce chains of cells • Do produce chains of cells
• Epidermis is hyperplastic • Epidermis is normal 
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Introduction

 Breast-conserving surgery is used to treat 
early breast cancer (1–6). Among the risks 
involved using this strategy is ipsilateral breast 
tumour recurrence, which requires further radical 
treatment including completion mastectomy. 
The incidence of local recurrence from breast-
conserving surgery in early breast cancer is 
reported to be as high as 14.3% (3). The tumour 
may recur at the surgical scar or the surrounding 
quadrants of the affected breast. The reason 
for such phenomenon is unknown, but unclear 
resection margins or unidentified occult tumor 
tissue may be the cause. We report our experience 
of managing isolated ipsilateral nipple recurrence 
occurring after breast-conserving surgery. 
The case involved a complete re-assessment 
of the local recurrence using radiological and 
histopathological examinations.

Case Report
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Case Report

 A 44-year-old woman had breast-conserving 
surgery for a T2N1M0 right breast infiltrating 
ductal carcinoma on October 2007. She had 
no significant high risk factor for breast cancer 
or any past medical history. The tumour was 
located at the right upper quadrant of the breast. 
Mammogram and fine-needle aspiration biopsy 
showed malignancy. The histopathological 
examination showed a grade 3 tumour measuring 
4.5 × 3.0 × 3.5 cm. The entire surgical margins 
were free. An axillary dissection showed 1 of the 
17 lymph nodes had metastasis. The tumour 
was negative for estrogen receptor (ER) and 
progesterone receptor (PR) but was strongly 
positive (3+) for c-erb-2 oncoprotein. The patient 
completed 6 cycles of FEC (5-fluorouracil, 
epirubicin, cyclophosphamide) adjuvant 
chemotherapy, followed by 40 Gy of radiotherapy 
given in 15 fractions and a booster dose of 10 Gy 
in 5 fractions afterwards. At 5-month follow-up, 

Abstract
 Most breast cancer recurrences occur in the surgical scars or within other quadrants of the 
same breast. isolated tumour recurrence occurring in the nipple after breast-conserving surgery 
and radiotherapy is extremely unusual. the reason for this is unknown, but is speculated to be due to 
involved surgical margins or an occult involvement of the nipple–areolar complex in a breast cancer 
of the same breast. We present a case of a 44-year-old indian woman who had recurrent tumour 
over her right nipple after an ipsilateral breast-conserving surgery that was followed by adjuvant 
chemotherapy and radiotherapy. there was no typical malignancy features from the mammogram. 
However, histopathological study confirmed a malignant growth that infiltrated into the dermis and 
the underneath breast tissue. Completion mastectomy was then performed and the patient was later 
treated with taxane-based chemotherapy. nipple recurrence after breast-conserving surgery and 
adjuvant radiotherapy may be confused with other nipple conditions such as Paget’s disease of the 
breast. Comprehensive assessments, which include mammogram and biopsy, have proved that such 
recurrence do occur, as presented in this case. This warrants a specific management strategy.
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she developed an ipsilateral nipple pain with 
bloody discharge. A 1.0-cm, rounded, ulcerative 
growth appeared over the nipple. A subsequent 
mammogram did not show any malignant 
features, but histopathological examination from 
a wedge biopsy confirmed a recurrent infiltrating 
ductal carcinoma with similar histological features 
to her previous primary breast carcinoma. 
There was no evidence of distance metastasis. A 
completion right mastectomy was performed. The 
final histology was of grade 3, ER negative, PR 
negative, and c-erb-2 oncoprotein, again, strongly 
positive. Six axillary lymph nodes were further 
recovered this time and 3 of them were involved. 
The patient received another 4 cycles of Taxane-
based chemotherapy, and currently under regular 
follow-up without evidence of further recurrence.

Discussion
 
 Isolated local recurrence over the nipple 
at ipsilateral breast after breast-conserving 
surgery or nipple sparing mastectomy is rare 
(12). There was only 1 case reported in the 
literature (13), even though some authors have 
reported local recurrence of breast cancer in the 
form of Paget’s disease of the nipple (7,8), which 
suggested an underlying tumour recurrence in the 
ipsilateral breast, occurring 5–16 months after 
radiotherapy. However, our case was different; 
the patient presented with a nodulo-ulcerative 
lesion that developed 5 months after breast-
conserving surgery. It was not a Paget’s disease 
of the nipple, and her mammogram was normal. 
The similarity of the histopathological studies 
between the first and second tumour had brought 
about the diagnosis of a local tumour recurrence. 
Furthermore, the tumour recurred only 5 months 
after the first surgery. This tumour was of the 
aggressive type based on its high grade, ER and 
PR negativity, and c-erb-2 oncoprotein positivity. 
This explains the loco-regional recurrence despite 
adjuvant chemotherapy and radiotherapy.
 The real reason for an isolated ipsilateral 
nipple recurrence after a breast-conserving surgery 
remains a mystery. It is believed that unclear 
surgical margins, implantation phenomenon, 
or occult tumour at the nipple–areolar complex 
(9) may give rise to this phenomenon. The 
incidence of occult nipple involvement may 
be as low as 5.6% to 50.0% (9). Studies have 
discrepancies on parameters that might predict 
nipple involvement. Several studies showed that 
the tumour grade, size, and stage, tumour–nipple 
distance, and c-erb-2 positivity were significant 

predictors for occult nipple involvement in breast 
cancer (11,14,15),  but other studies reported 
contrasting findings (9,10). However, all of them 
agreed that the location of the tumour has an 
influence on nipple involvement (9–11,14,15). 
The incidence of nipple recurrence is higher for 
tumours located at the central or retroareolar area 
(10,11,14,15) compared with other 4 quadrants 
of the breast. Therefore, the decision to perform 
breast-conserving surgical procedures should 
not be based on the tumour location alone, but 
also on the size and stage of the cancer as well as 
the immunohistochemistry results and c-erb-2 
status. This case increases our awareness of 
nipple recurrence and the importance of carefully 
selecting the appropriate breast conservation 
patients for nipple preservation.

Conclusion
 
 A true infiltrating lesion as presented above 
is very rare. Comprehensive assessments such as 
mammogram and biopsy have proven that such 
recurrences do occur; this warrants a different 
management strategy. Tumour stage, grade, 
and location may play a vital role in predicting 
occult nipple involvement in breast cancer. Breast 
cancer patients must be carefully selected for 
breast-conserving surgery; failure to do so may 
later results in nipple recurrence.
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