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Objectives The aim of the study was to present an observation method focusing 011 the positions of the hands 
relative to the body and to evaluate whether this simple observation technique gives a reliable estimate of the 
total time spent in each of five work postures during one workday. 
Methods In the first part of the study the iilterobserver reliability of the observation method was tested with 
eight blue-collar workers. In the second part the observed time spent with work above the shoulder level was 
tested ill relation to an upper-arm position analyzer, and observed time spent in work below knuckle level was 
tested in relation to a trunk flexion analyzer, both with 72 blue-collar workers. 
Results The interobserver reliability for full-day registrations was high. The intraclass correlation coefficients 
ranged from 0.99 to 1.00. The observed duration of work with hands above shoulder level correlated well with 
the measured duration of pronounced arm elevation (> 75'). The product moment correlation coefficient was 
0.97. The observed duration of work with hands below knuckle level correlated well with the measured duration 
of pronounced trunk flexion angles (> 40"). The product moment correlation coefficient was 0.98. 
C O ~ C ~ U S ~ O ~  The present observatioil method, designed to rnalce postural observations continuously for several 
hours, is easy to learn and seems reliable. 

Key terlns epidemiology, ergonomics, exposure assessment, postural loads, reliability 

Biomechanical studies have demonstrated that elevation 
(flexion and abduction) of the upper arm from the neutral 
positioil increases the mechanical load on the shoulder 
(1-2) and that a seated position or a trunk flexed 
position increases the mechanical load on the lumbar 
spine (3). 

Epidemiologic studies indicate that work with ele- 
vated arms or work above shoulder level seems to in- 
crease the risk for shoulder or neck disorders (4). Work 
in a flexed position or work in a sitting position increases 
the risk for low-back disorders (5 ) .  The exposure assess- 
ment used in epidemiologic studies on musculoskeletal 
disorders is usually poor (6-9). There is still a lack of 
quantitative data, which hampers the implementation of 
efficient ergonomic prevention and intervention pro- 
grams. Several observation methods for analyzing pos- 

tures and movements have been developed (10-16). 
However, they are time-consuming and labor intensive 

(17). 
The aims of this study were to design an observation 

method assessing work postures in all types of jobs, 
during a whole workday, and to analyze the reliability of 
the method. The main characteristic of the method is that 
the positioning of the hands is regarded as a proxy for 
postural demands on the neck or shoulder and low back. 

Design of the observation method, HARBO 

The observation method HARBO (hands relative to the 
body) has been designed to cover long recording periods 
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(several hours), and it is used to register the duration of 
five standard postures. The registrations are made con- 
tinuously in real time with the help of a handheld com- 
puter. The observer concentrates on the placement of the 
worker's hands. The following five mutually exclusive 
work postures or activities are observed: 

1 .  Standing, walking with hand or hands above shoulder 
level (sector A, figure 1). This posture is defined to occur 
when the subject works with either hand above shoulder 
level. The shoulder level is defined by the height of the 
acromion. 

2. Standing, wallting with hands fixed between the shoul- 
der and knuckle level (sector B, figure 1). This posture is 
defined to occur when the subject works with both hands 
between the shoulder and knuckle level. Thus both hands 
must be needed to accomplish the task. This position is 
assumed to describe more constrained (fixed) postures 
than when the task is accomplished with one hand or 
without using the hands. Knuckle level is defined by the 
height of the metacarpo phalangeal joints of the hands 
when the subject is standing upright with the arms hang- 
ing down. The hands are also considered to be fixed 
when the subject carries objects in one hand if the weight 
of the burden is over 50 N. 

3. Standing, walking with hands not fixed between the 
shoulder and knuckle level (figure 1). This posture is 
defined to occur when the subject works with tasks that 
do not require the use of two hands, such as making a 
telephone call, supervision, and the like. Cassying less 
than 50 N in one hand is also registered in this category. 

4. Standing, walking with hand or hands fixed below the 
knuckle level (sector C, figure 1). This posture is defined 
to occur when the subject works with either hand below 
the knuckle level. This posture includes stooping, 
kneeling, and squatting. 

5. Sitting. This posture is defined to occur when the 
subject sits. In the present study this posture included 
breaks. 

The duration of each posture is registered continu- 
ously in real time with the help of a small handheld 
personal computer (Psion Organizer I1 mod XP). The 
software designed for another observation method, the 
portable ergonomic observation (PEO) method (15), was 
used to collect the data. For the present method, four 
keys on the keyboard are used, each corresponding to 
one of the four standing postures. When the subject per- 
forms work in one of the postures, the observer activates 
the corresponding key. The display on the computer in- 
dicates the active key. Registration continues until the 
observer either activates one of the other three keys or 

Figure 1. Three spatial sectors 
defining three work postures in 
the observation method HARBO: 
standing work with the hands 
above shoulder level (A), stand- 
ing and walking with the hands 
between shoulder and knuckle 
level (B), and standing work with 
the hands below knuckle level (C). 

inactivates the active one. When a key is inactivated, the 
display is empty, indicating a sitting position. After the 
data collection, the data are transferred to and analyzed 
on a personal computer using the PEO software program 
(15). The software calculates and stores the start and stop 
and the total time for each event in seconds. It gives 
more information (eg, how many times each key is acti- 
vated and the mean duration of each event registered on 
the keyboard), but these functions were not used in the 
present study. 

Interobserver reliability 

The intramethod reliability of the HARBO method was 
tested by letting two observers simultaneously collect 
data when observing the same workers. The purpose was 
to evaluate the possible influence of the observer on the 
observations. 

Subjects and methods 

The study group consisted of eight blue-collar workers, 
six men and two women, from five occupations. The 
subjects were selected from occupations with a wide 
range of times spent in the different standing or walking 
positions. Thus two ceiling builders, one carpet layer, 
two railway track layers, one chocolate assembly-line 
worker, and two car assembly-line workers were selected 
to represent these work postures. The mean age of the 
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study group was 40 (range 25-63) years, and the mean 
body height 173 (range 160-184) cm. 

Two observers simultaneously followed each work- 
er, and both made registrations individually and continu- 
ously during the whole shift (lunch break excluded). 
They were placed apart to prevent the registrations made 
by one observer froin being seen by the other. The eight 
parallel observations were made by five observers 
(physiotherapists) well trained in the observation meth- 
od. One of the observers (MM = observer A) participated 
on all eight occasions. The other four observers (GP, KS, 
EW, CW = observer B) participated on two occasions 
each. 

One additional full-day observation with observer A 
and a physiotherapist trained only 1 h in the observation 
method was made on a railway track layer, not included 
in the study group. We included this procedure to see if 
the observation method was difficult to learn. 

Observer A; time % 
Figure 2. Plot of the observed percentage of time spent with the  hands 
not fixed between shoulder and knuckle level registered by observer A 
(x-axis) and observer B (y-axis) for eight subjects ( n )  during full-day 
registrations. The line of identity (dotted line) and the intraclass 
correlation coefficient (r,) are also presented. 

For each of the five postures registered on one test 
occasion, the total time, as the percentage of the work- 
shift, was calculated for both observers. The distribution 
of the durations in the study group was described by the 
mean, the median, and the range. For each posture, the 
registrations made by observer A were compared with 
corresponding registrations made by observer B, and 
intraclass correlation coefficients were calculated using 
a two-way analysis of variance (1 8). These calculations 
were made for full-day registrations, for the first hour of 
the workshift, and for the last hour of the worlcshift. The 
intraclass correlation coefficients between the registra- 
tions made by the two observers during the first and last 
hour of the workshift were compared in order to deter- 
mine whether the long observation period influenced the 
interobserver reliability negatively (ie, if the correlation 
declined when the observers could be expected to be 
tired). 

Results 

The mean registration time was 356 (range 306-404) 
min. The mean time and the range of time spent in each 
of the five postures registered by observer A and B 
were similar (table 1). The intraclass correlation coeffi- 
cients between the durations registered by the two ob- 
servers were high for each of the five postures and ranged 
from 0.99 to 1.00 for full-day registrations (figure 2, 
table 1). 

The registrations made by the two observers during 
the last hour of the workshift correlated at least as well as 
the registratiolls made during the first hour of the shift 
(table 1). 

The observations made by the untrained observer 
were very similar to those made by the trained observer 
(A). The percentage of time registered in each of the 
five postures was identical between the untrained and 
trained observer for all five postures: "above shoulder 
level" 0%, "fixed between shoulder and knuckle level" 
3%, "not fixed between shoulder and knuckle level" 
43%, "below knuckle level" 9%, and "sitting" 45%. 

Table 1. Mean and median of the percentage of time (a workday) spent in each of five work postures, as measured simultaneously by two 
observers for eight subjects. The intraclass correlation coefficients between the durations registered by the two observers for full-day 
registrations, the first hour, and last hour of the workshift are also presented. 

Work posture Percentage of time lntraclass correlation coefficients 
Observer A Observer B Total First Last 

shift h o u r  h o u r  
Mean Median Range Mean Median Range 

Sitting 14 11 0-29 13 10 0-29 1.00 0.97 1.00 
Standing, hands above shoulder 12 6 0-44 14 6 0-44 1.00 0.85 1.00 
Standing, hands fixed between shoulder & knuckle 34 28 7-70 33 30 7-71 0.99 0.96 0.99 
Standing, hands not fixed between shoulder & knuckle 24 21 8-46 25 24 8-49 0.99 0.88 1.00 
Standing, hands below knuckle 16 6 1-77 16 6 1-78 1 .OO 0.99 1.00 
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lntermefhod reliability 

Two of the work postures, work with the hands above 
shoulder level (posture I) and work with the hands be- 
low knuckle level (posture 4), were compared with tech- 
nical measurements made by an arm position analyzer 
and a trunk flexion analyzer. The purpose was to evalu- 
ate whether there was a linear relationship between the 
time spent with elevated arms and hands above shoulder 
level and between the time spent with the trunk flexed 
and the hands below Icnuclcle level. If so, the observed 
time with the hands above shoulder level could be used 
as a proxy for elevated arms, and the observed time spent 
with the hands below knuckle level could be used as a 
proxy for a flexed trunk. 

Subjects and methods 

The study group consisted of 72 blue-collar workers, 58 
men and 14 women from nine occupations. The subjects 
were selected from occupations with a wide range of 
times spent in standing or walking positions. Thus ceil- 
ing builders (N = 14), sprinkler workers (N = 6), carpet 
layers (N = 8), railway track layers (N = 8), concrete 
workers reinforcing floors (N = 4), chocolate assembly- 
line workers (N = 8), car assembly-line workers (N = 8), 
packers (N = 8), and machine-tool operators (N = 8) 
were selected to represent these different work postures. 
The mean age of the study group was 35 (range 18-63) 
years, the mean body weight was 74 (range 51-98) kg, 
and the mean body height was 176 (range: 151-193) 
cm. 

Reference measurements 

The observed time spent standing with the hands above 
shoulder level was compared with data from an arm 
position analyzer (Abduflex , Sweden). The Abduflex 
continuously registers the angle between the upper arm 
and the vertical in seven 15-degree intervals: 0-IS0, 
15-30", 30-45", 45-60", 60-7S0, 75-90", and 
> 90" (1 9). The accuracy of the measurements obtained 
by the arm position analyzer was tested in relation to a 
computer-based three-dimensional video analyzing sys- 
tem (Mac Reflex, Qualisys, Sweden) and considered 
valid for the present purpose (Ericson et al, unpublished 
material). The sensors (one for each arm) of the Abdu- 
flex were attached to the upper arm below the insertion 
of the deltoid muscle, and the box for data collection 
was placed on a waist band (figure 3). At the end of the 
registrations, data were transmitted to and analyzed on 
a personal computer with a specially developed upper- 
arm position analyzing program. The sampling frequen- 
cy for data transmitted to the personal computer was 
1 Hz. 

Figure 3. A carpet layer working with an arm position analyzer and a 
trunk flexion analyzer attached to his body. 

The observed time spent standing with the hands 
below knuckle level was compared with data obtained 
from a trunk flexion analyzer (20). The trunk flexion 
analyzer continuously registered the sagittal angle be- 
tween the trunk and the reference trunk position of stand- 
ing upright with the arms hanging by the sides; it was a 
further development of an instrument used elsewhere 
(21). In the present study the sampling frequency was 
0.5 Hz. The sensor and the box for data collection was 
attached to the back at the Th5-ThlO level with a spe- 
cially designed rucksack (figure 3). At the end of the 
registration, data were transmitted to and analyzed on a 
personal computer with a specially developed trunk flex- 
ion analyzing program. 

The registrations lasted one worlcshift per worker but 
had to be interrupted earlier in some cases because of 
technical errors. Five experienced ergonomists made the 
observations. One ergonomist followed each subject dur- 
ing the whole workshift. 

Data analysis 

For the observed postures the total time was calculated 
as the percentage of the workshift. 

The arm position and trunk flexion analyzers mea- 
sured continuously. The data recorded during sitting 
work and breaks were excluded during the analysis to 
allow comparison with the observations. The total per- 
centage of time spent standing with either of the upper 
arms elevated >30°, > 45", > 60°, > 7S0, and > 90°, mea- 
sured by the Abduflex, was then calculated. The total 
percentage of time spent standing with the trunk flexed 
> 20°, > 40°, > 60°, and > 80°, measured by the trunk 
flexion analyzer, was also calculated. 

The relation between the observations and the refer- 
ence measurements was assessed by linear regression 
analysis and Pearsons' product moment correlation coef- 
ficient (22). In the linear regression analysis the observa- 
tions were treated as the independent variable and the 
technical measurements as the dependent variable. 
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Results 

o J I 

0 20 40 60 80 100 

Nands above shoulder, time % 

Hands above shoulder, time % 

Figure 4. Plots of the observed percentage of time spent with the hands 
above shoulder level versus the measured percentage of time spent 
with the upper arms elevated more than 30" (A) and more than 75" (6) 
for 69 subjects ( n )  - linear regression lines with the observed time as 
the independent variable and arm elevation as the dependent variable. 
The product moment correlation coefficients (r) are also presented. 

Registered and missing values 

The mean registration time was 374 (range 196-500) 
min. For one subject the whole-day observation registra- 
tions failed due to technical reasons. For two subjects the 
arm position registrations failed, and for nine the trunk 
flexion registrations failed, also due to technical reasons. 
Thus the relationship between the observed time spent 
standing with the hands above shoulder level and stand- 
ing with the upper arm elevated > 30°, > 45", and so 
forth was analyzed for 69 subjects. The relationship be- 
tween the observed time spent standing with the hands 
below knuckle level and time registered by the trunk 
flexion analyzer for standing with the trunk flexed >20°, 
> 40°, and so forth was analyzed for 62 subjects. 

Relationship between the observations and the results 
of the arm position analyzer 

The mean time spent with the hands above shoulder level 
was 10% of a workshift and the median was 2 (range O- 
48)%, as registered with the observation technique. 
Twenty-three subjects were registered as not exposed 
(0%) to work with hands above shoulder level. Never- 
theless, they worked from 17 to 69% of the time with the 
upper arms elevated > 30" (figure 4A). The correlation 
coefficient (r) between the observed duration of the hands 
above shoulder level and the measured duration of ele- 
vated upper arms defined as > 30" was 0.69, the y-axis 
intercept of the regression line was 37%, and the slope 
0.76 (figure 4A, table 2). Thus a linear regression line 
did not fit the data in all aspects. The correlation coeffi- 
cient between the observed duration of hands above 
shoulder level and the measured duration of elevated 
upper arms defined as >75" was 0.97, the y-axis inter- 
cept of the regression line was 3%, and the slope 0.80 
(figure 4B, table 2). Thus the time spent with the upper 
arms elevated >75" could be predicted by observing the 
hands above shoulder level. 

When the subjects (N = 18) selected to represent 
work with the hands above shoulder level were excluded 

Table 2. Mean and median of the percentage of time (a workday) spent with the upper arms elevated > 30°, > 45", > 60°, > 75", and 
> 90°, as registered by an arm position analyzer for 69 subjects. The product moment correlation coefficients between these times and 
the observed time spent with the hands above shoulder height are presented. The intercepts (Po) and slopes (P,), with standard errors, of 
the linear regression lines with the observed time spent with the hands above shoulder height as the independent variable and the 
different upper arm elevation angles as the dependent variables are also presented. 

Upper arm angles Percentage of time Correlation Intercept Slope 
coefficient 

Mean Median Range Bo SE B, SE 

> 30" (% time) 
> 45" (% time) 
> 60" (% time) 
> 75" (% time) 
> 90" (%time) 
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from the analysis, the range of the duration of hands 
above shoulder level was narrowed to 0-12% for the 
remaining 51 subjects. The correlation coefficients be- 
tween the duration of hands above shoulder level and the 
duration of elevated upper arms, defined as > 30°, > 4S0, 
and so forth, deteriorated but remained highest for pro- 
nounced upper arm elevation angles, defined as > 75" (r 
= 0.91). 

Relationship between the observations and the result 
of the trunk flexion analyzer 

The mean time spent with the hands below knuckle level 
was 14% of a workshift, and the median was 5 (range 
0-78)%, as registered with the observation technique. 
Twenty-three subjects worked less than 3% of the time 
with their hands below knuckle level, but they spent 
between 7 and 41% of the time with the trunk flexed 
> 20" according to data from the trunk flexion analyzer 
(figure 5A). The correlation coefficient between the ob- 
served duration of hands below knuckle level and the 
measured duration of trunk flexion, defined as angles 
> 20°, was 0.90, the y-axis intercept of the regression 
line was 16%, and the slope 0.85 (figure 5A, table 3). 
Thus a linear regression line did not fit the data in all 
aspects. The correlation coefficient between the observed 
duration of hands below knuckle level and measured 
duration of trunk flexion, defined as angles > 40°, was 
0.98, the y-axis intercept of the regression line was 3%, 
and the slope 0.91 (figure 5B, table 3). Thus the time 
spent with the trunk flexed > 40" could be predicted by 
observing the hands below knuckle level. 

When the subjects (N = 18) selected to represent 
work below knuckle level were excluded from the analy- 
sis, the range of durations of work with hands below 
knuckle level was narrowed to 0-12% for in the re- 
maining subjects. The correlation coefficients between 

0 20 40 60 80 100 

Hands below knuckle, time % 

Bands below knuckle, time % 

the observed duration of hands below knuckle level and I Fiaure 5. Plots of the  observed oercentac~e of time soentwith the hands 
the measured duration of trunk flexion, defined as > 20°, 
> 40°, and so forth, deteriorated but remained highest for 
pronounced trunk flexion angles defined as > 40" (r = 

be'iow knuckle  level versus the r;leasuredpercentagkof time spent with 
the t r u n k  flexed forward > 20" (A) and > 40" (B) for 62 subjects ( n )  - 
linear regression lines w ~ t h  the  observed time as the independent 
variable and t runk  flexion as the deoendent variable. The oroduct 

0.81). / moment correlation coefficients (r)  ari also presented. 

Table 3. Mean and median of the percentage of time (a workday) spent with the trunk flexed forward > 20°, > 40°, > 60°, and > 80°, as 
registered by a trunk flexion analyzer for 62 subjects. The product moment correlation coefficients between these times and the observed 
time spent with the hands below knuckle height are presented. The intercepts (0,) and slopes (p,), with standard errors, of the linear 
regression lines with the  observed time spent with the hands above shoulder height as the independent variable and the different upper 
arm elevation angles as the dependent variables are also presented. 

Trunk flexion angles Percentage of time Correlation Intercept Slope 
coefficient 

Mean Median Range Po SE PI SE 

> 20" 28 26 7-80 0.90 16 1.28 0.85 0.06 
> 40" 16 8 2-70 0.98 3 0.66 0.91 0.03 
> 60" 11 4 0-65 0.96 0 0.74 0.78 0.03 
> 80" 7 1 0-44 0.89 -1 0.85 0.52 0.04 
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Discussion 

Our observation method had a high interobserver relia- 
bility even when an untrained ergonomist made the ob- 
servations. The reliability was at least as good during the 
last hour of the workshift as during the first, indicating 
that it can be used during whole days. 

There was a strong linear relationship between the 
observed duration of harids above shoulder level and the 
measured duration of pronounced arm elevation (>75") 
and a weaker relationship for angles above 30". In epide- 
miologic studies work above shoulder level and elevated 
(abducted or flexed) arms are both suggested as risk 
factors for neck and shoulder disorders (4). Work with 
the hands above shoulder level always implies outward 
rotation of the arm, whereas moderately elevated arms 
does not. It is still unknown whether elevation and out- 
ward rotation of the arm causes higher risk than only 
elevation. In a study on postural risk factors for rotator 
cuff tendinitis, Fine et a1 (23) did not find any relation 
between arm elevation and rotator cuff tendinitis, but 
there was a relationship between outward rotation and 
rotator cuff tendinitis. On the other hand, in a bio- 
mechanical study, Sigholm et a1 (1) showed that the 
degree of upper arm elevation was the most important 
parameter influencing shoulder muscle load. We have 
not found any quantitative data on the amplitude or the 
duration of arm elevation or outward rotation necessary 
to cause the increased risk. 

There was a strong linear relationship between the 
observed duration of work with hands below knuckle 
level and the measured duration of pronounced trunk 
flexion angles (> 40°), and the relationship was weaker 
for angles above 20". Punnet et a1 (24), in a study of 
automobile assembly workers, described a strong increas- 
ing trend in risk both with its intensity of exposure and 
with the duration. Pronounced trunk flexion angles 
(> 45") caused a higher risk than mild trunk flexion 
(20"-45"), and a long duration (more than 10% of the 
time) of trunk flexion caused a higher risk than a short 
duration (0-10%). However, there are too few quantita- 
tive studies on the magnitude and duration of trunk flex- 
ion to draw any conclusions about a possible exposure- 
response relationship. 

Interobserver reliability 

The reproducibility (ie, the interobserver reliability) de- 
termined in our study was high. Other observation meth- 
ods have been tested for interobserver reliability (12, 
14-16, 25, 26), but no comparisons can be rnade since 
the number of postures observed simultanously and the 
registration periods differed. In the method designed by 
Foreman et a1 (25) the number of events was 43, and in 
our study it was only 5. In the interobserver reliability 

study rnade by Keyserling (14) the registration period 
covered 68 s, and in our study the median registration 
period was 364 min. 

The high cosselation found by us may be due to the 
simplicity of the definitions of postures. Only five mutu- 
ally exclusive postures were observed, and the observer 
could concentrate on two parts of the body, the hands of 
the worker. Therefore it was possible to make fairly 
correct observations during a whole worltshift. The ob- 
servers found the postures "sitting," "hands above shoul- 
der level," and "hands below knuckle level" easy to 
classify. In some worktasks it was difficult to decide 
whether the hands were fixed or not, when the work was 
performed between the shoulder and knuckle level, espe- 
cially at the beginning of the recording period (table 1). 
The difficulty in discriminating between these two pos- 
tures arises in tasks where one hand is used most of the 
time and the other hand is used for short periods. In our 
study these tasks were uncommon and brief, and this 
circumstance explains the high correlations. In another 
study group including workers with tasks in which only 
one hand was used, the reproducibility of these two pos- 
tures would presumably be lower. 

A bias in the registrations could have been intro- 
duced if the movement frequency between the defined 
posture boundaries had been high. In our study such 
movements were rare. 

When the untrained ergonomist made the observa- 
tions, the observed subject's work tempo was low. The 
worker sat 45% of the time waiting for work pieces to be 
delivered. This situation may partly explain the high 
correlation. 

In the analysis it appeared that the agreement be- 
tween observers was higher during the last hour of the 
observation than during the first. Both the observer and 
the subject acted differently during the first hour. The 
subject could not act naturally, and there is often some 
talking between the subject and the observer to create a 
relaxed atmosphere. After about 1 h at the workplace the 
observer has a good idea of the work situation and the 
worktasks performed, and the reliability of the observa- 
tions increases. However, a positive atmosphere and a 
highly motivated observer is required to maintain a high 
level of attention during several hours of observations. 

lntermethod reliability 

The cosselation between the observed time with the hands 
below knucltle level and the measured time with the 
trunk pronouncedly flexed (>40°) was high (0.98). In 
one study made by Baty et a1 (27), a trunk flexed position 
was defined to be angles more than 15" relative to the 
vertical, and Burdorf et a1 (28) defined a trunk flexed 
position as angles of >20°. In these studies the correla- 
tion coefficients were lower (0.63 and 0.57) betweell the 
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observations and ineasurements than in our study. One 
explanation may be that it is easier to distinguish be- 
tween the hands being placed above or below an imagi- 
nary line at the knuckle level than to estimate the inclina- 
tion angle of the trunk relative to the vertical, at least 
when the trunk inclination angle is small, the view angle 
is poor, and the observations are made in real time. 
Another explanation could be that different trunk incli- 
nometers were used as reference measurements in the 
three studies. In Baty et al's study the range of the dura- 
tion of trunk flexion was narrower than in our study, and 
this difference can be a third explanation for the lower 
correlation coefficients found in their study. 

The high correlations found in our study could partly 
be due to the selection of the study group. However, 
even when the subjects selected to represent jobs per- 
formed below the knuckle level were excluded from the 
analysis, the correlation between the duration of hands 
below knuckle level and the duration of pronounced for- 
ward flexed positions of > 40" was high. The decrease in 
conelation, from 0.98 to 0.81, can be explained by the 
decrease in the range of exposures among the subjects 
analyzed. It may be uncommon to work with the trunk 
flexed forward as much as 40" without having the work- 
task placed below knuckle level. 

Several subjects worked with the trunk moderately 
flexed (> 20") without the observer making any registra- 
tions of work below knuckle level (figure 5A). The inter- 
cept of the regression line for the observed time with the 
hands below knuckle level and the measured time with 
trunk flexion > 20" was 16% of the time (table 3). It may 
be common to have the trunk moderately flexed forward 
also when working with the hands above knuckle level 
(eg, when reaching for objects in front of the body). 
Thus, if the aim is to measure pronounced forward bent 
positions (> 40°), this observation method may be good. 
If the objective is also to measure moderate forward bent 
positions (> 20°), several truly exposed subjects may be 
classified as unexposed. In an epidemiologic study this 
type of error will dilute a potential increased risk towards 
unity. 

The placement of the hands above shoulder level was 
assumed to mirror work with elevated arms. Theoretical- 
ly, the upper arm can be elevated up to 90" relative to the 
vertical without the hand being positioned above the 
shoulder, for instance, when working on a high table. In 
our study the correlation was high between hands above 
shoulder level and pronounced upper arm elevation 
(more than 75") (table 2, figure 4B). Even when the 
subjects selected to represent jobs performed with the 
hands above shoulder level were excluded from the anal- 
ysis the correlation remained high. It may be uncommon 
to work with the upper arms elevated as much as 75" or 
more without having the worktask above shoulder level. 
Several subjects worked with moderately (>30°) ele- 

vated arms without the observer making any registra- 
tions of hands above shoulder level (table 2, figure 4A). 
It may be common to work with moderately elevated 
arms also when the worktask is placed below shoulder 
level. Thus, if the aim is to measure pronounced upper 
arm elevation, the present observation technique may be 
a method to recommend. If the goal is also to measure 
moderate arm elevation angles, several truly exposed 
subjects will be classified as unexposed. 

In traditional observatio~l methods the position of the 
arm is usually defined by estimating abduction and 
flexion angles of the upper arm (10, 12, 14, 26, 29, 30). 
The reliability of such methods may be acceptable at 
least when the analysis is made froin video recordings 
which allow playback of the film. When upper arm flex- 
ion and abduction angles were measured by the VIRA 
(video film technique for registration and analysis of 
work posture and movement) method, the interobserver 
reliability was high for upper arm angles over 30°, but 
poor for angles below 30" (12). In a study made by 
Keyserling (14) continuous registrations of the time 
spent in each of three upper arm elevation angle intervals 
(0"-4S0, 45"-90°, > 90") were compared with a frame- 
by-frame technique involving a 75-s video recording. 
The time spent in each angle interval measured with the 
two methods coi-sesponded well. However, it is time- 
consuming to estimate the arm elevation angles on video 
recordings for long time periods. 

Applicability and drawbacks of the present observation 
method 

Ideally, the total external moment acting on a specific 
joint or structure should be registered. Therefore, all 
external forces, including the weight of separate body 
parts and corresponding moment arms (in three dimen- 
sions) acting on a certain joint or structure should be 
observed continuously over time. This is impossible to 
do practically. HARBO is a simple method and only 
registers five standard postures. It does not include 
twisted postures since the interobserver reliability for 
them is poor (26, 27). Neither does it discriminate be- 
tween the right and left hand. Short events like a lift may 
not be registered at all. The observer must have time to 
be made aware of a change of posture and hit the corre- 
sponding key on the keyboard. Work with moderately 
elevated upper arms and moderately flexed trunk posi- 
tions is only partly registered. However, the method is 
easy to modify, and we can recommend the software we 
used in the present study. 

The measurement and analysis of work postures has 
two important occupational health applications: (i) ob- 
taining exposure data to use in epidemiologic investiga- 
tions of posture-related injuries and (ii) obtaining expo- 
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sure data to use in ergonomic preventioll and interven- 
tion programs. 

Punnet & Keyserling (17) discussed the limitations 
of traditional motion analysis techniques designed to ex- 
amine one or a few short-cycle jobs in great detail. These 
techniques are generally time-consuming and costly. For 
epidemiologic research in particular, data on the sources 
of variability in exposure among individuals (intraindi- 
vidual and interindividual) is critical to achieve unbiased 
and precise exposure assessments. If the intraindividual 
variability of exposure is high, the data collection time 
must be long or repeated measurements must be made. If 
the interindividual variability is high within a job, data 
must be collected individually. In epidemiologic studies 
and in ergonomic intervention studies, in which long 
observation periods are required to get representative 
exposure data, our method may be preferable. Tradi- 
tional motion analysis techniques are more detailed and 
may therefore be preferable in studies of repetitive short- 
cycled work, where the intraworker variability of expo- 
sure is low. 

Concluding remarks 

Our observation method is designed to make observa- 
tions continuously for several hours. The observed 
number of posture categories are few and mutually ex- 
clusive (ie, only one decision has to be made at a time). 
Registrations are only made when a change occurs. The 
present method may be a complement to traditional ob- 
servation methods to be used in epidemiologic studies 
where the intraworker variability of exposure is high. 
The method is easy to learn, simple to use, and it can be 
used in all types of jobs where an observer is allowed. It 
seems to be reliable and comparatively cheap sillce there 
is no extra time needed for data analysis. It seems to 
reflect work with pronounced arm elevation or pro- 
nounced trunk flexion accurately. However, it does not 
take twisted positions or manual materials handling into 
consideration. 
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