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Objectives   This study assessed the reliability of a novel coding scheme for physical risk factors for muscu-
loskeletal disorders reported to an occupational surveillance scheme.
Methods   Since 1997 new cases of musculoskeletal disease have been reported as part of a surveillance scheme
by over 300 consultant rheumatologists in the United Kingdom; the rheumatologists also gave a short description
of the tasks and activities they considered to be causal. With the use of a summary of the activities described, a
coding scheme was developed comprising 16 categories of task codes and another 16 categories of movement
codes. Four reviewers coded the work activities independently for 576 cases. The fourth rater coded the cases
twice. With the use of a single summary kappa statistic and the matrix of kappa coefficients, both interrater
reliability and intrarater reliability were assessed.
Results   The overall interrater agreement on the task codes was good (kappa = 0.73), with the best agreement for
keyboard work (kappa = 0.96) and the worst for assembly work (kappa = 0.40, kappa = 0.37). The interrater
agreement on movement codes was also good (kappa = 0.79), with the best agreement for kneeling (kappa =
0.94) and the worst for materials handling (kappa = 0.10). The intrarater agreement was somewhat better than the
interrater agreement with both codes.
Conclusions   The results suggest that the coding scheme was, on the whole, reliable for classifying the physical
risk factors reported as causal.
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Musculoskeletal disorders are the most frequently re-
ported type of work-related illness in the United King-
dom (1–3). Many epidemiologic studies have explored
the relationship between work-related physical risk fac-
tors and musculoskeletal disorders. For such research,
reliable and valid methods of measurement are neces-
sary. The complex task of exposure assessment in mus-
culoskeletal epidemiology entails the use of methods
broadly classifiable as subjective judgment, systematic
observation, and direct measurement (4). Subjective
judgments may have limited precision and accuracy, but
the cost of data collection through interviews and ques-

tionnaires is low, application is usually feasible, and it
may provide the only opportunity to describe physical
factors in the population under study (5). Information
can also be collected from clinicians who treat patients
with a musculoskeletal disease. Although physicians
may probe into exposure details, they still depend on
the patient’s own description, unless they visit the work-
place. Nevertheless, such self-reported information on
physical demands at work has been found to be reason-
ably valid (6).

Since October 1977 some 80% of consultant rheu-
matologists in the United Kingdom have participated in
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a voluntary reporting scheme for new cases of muscu-
loskeletal disease caused or made substantially worse
by work. This scheme, known as MOSS (the muscu-
loskeletal occupational surveillance scheme) forms part
of ODIN (the occupational disease intelligence network)
which, since 1998, has been coordinated from Manches-
ter and now covers all types of work-related disease (7).
The methods used in MOSS and an analysis of the main
findings, 1997–2000, have recently been published (8).
Each new case reported includes a brief description of
the tasks and activities considered by the physician to
have been causal. This paper presents the results from a
study of the reliability of a coding procedure for these
factors; the study is based on reports received from some
300 rheumatologists during the two-year period, Octo-
ber 1997 to December 1999.

Material and methods

Between October 1997 and December 1999, a total of
667 new cases of musculoskeletal disorder were report-
ed to MOSS by consultant rheumatologists, each ran-
domly assigned to only one month a year. Reporters
were asked to include a new case of a disease or illness
caused by work, with additional elaboration, in the
guidelines, that such a condition could be considered
occupational if it would not have occurred in the ab-
sence of the occupational exposure or if the occupational
exposure “made a substantial difference to severity”.
From those reported, we selected all 576 cases with a
specific diagnosis, attributed to repeated exposure. (See
the following text.)

The card used for the reporting required the partici-
pating rheumatologists to specify disease categories
within a particular body region: hand-wrist-arm, elbow,
shoulder,  neck-thoracic spine, lumbar spine-trunk, hip-
knee, ankle-foot, or other. Within each body region,
more specific categories, such as nerve entrapment in
the arm, epicondylitis in the elbow, and disc problem in
the lumbar region, were listed. Physicians could report
more than one disease category for each patient; about
6% of the cases reported appeared in more than one cat-
egory. In the present study, each disorder was consid-
ered independently. Occupation and industry were also
recorded, and the physician was asked to indicate wheth-
er the disorder was thought to have resulted from single
or repeated exposure; only the latter was used in this
study. The rheumatologists did not receive training on
how to complete the card but were sent guidelines on
the admissibility of cases and on how to complete each
section of the card.

Guidelines for completing the section entitled “ac-
tivity, task or event” were as follows: “Please indicate

the activity, task or event that you feel precipitated the
illness (eg, lifting boxes, filleting fish, etc)”. Initial at-
tempts to use theoretically derived codes reflecting, for
example, physiological or ergonomic demand, were un-
productive, as the information recorded was too limit-
ed. This approach was abandoned and replaced by a
more pragmatic scheme, attempting to summarize the
data for all reported musculoskeletal conditions in all
activities, tasks or events, in terms of (i) task, (ii) move-
ment, (iii) repetition, and (iv) vibration. For the latter
two dimensions attempts were only made to code pres-
ence or absence (as probable, possible, unlikely, or
none). The task and movement codes are listed in table
1. Both were necessary, as job tasks may not specify
the physical activity, whereas movement alone may not
describe the type of work being performed.

Three coders working independently coded the cas-
es in the following order: hand-wrist-arm first, then el-
bow, and finally ankle-foot. Each coder was given a
copy of the coding scheme with examples as shown in
table 1, together with a printout including the reporting
physician’s description of the work activity, the diag-
nostic group to which the disorder had been ascribed,
and the job and industry recorded. No further training
or instruction was given, and discussion was not allowed
between the coders during the procedure. However, af-
ter completion, coder 1 and coder 3, chosen simply be-
cause of time availability rather than specialist knowl-
edge, reviewed anything they had coded differently and,
after discussion, assigned a reconciled code. These rec-
onciled codes were considered the “gold standard” for
calculating false negative and positive rates. The fourth
rater coded the cases twice. On the second occasion, 4
weeks after the first, the same cases were presented in
random order, and the results were compared for intra-
rater reliability. One of these two sets, selected random-
ly, was then included with output from the first three
coders to assess interrater reliability.

As the physicians’ description of work activity could
not always be incorporated into a single code, the cod-
ers were allowed to use up to three task and three move-
ment codes for each. Some 10% of the cases had two
task codes, but only very few (0.07%) required three;
19% required two movement codes, whereas 3% re-
quired three. The raters were asked to record first the
code they considered most important and, for simplici-
ty, the first code only was used in this analysis. Infor-
mation on activity, task, or event contributed to the cod-
ing of both task and movement; as such the codes as-
cribed are not strictly independent, but are considered
separately.

Interrater agreement and intrarater agreement were
assessed by means of the kappa statistic, together with
95% confidence intervals (9). Matrices of kappa coeffi-
cients were prepared using a program designed by
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Roberts & McNamee (10). The kappa statistic measures
the degree of agreement compared with that expected
by chance. Values greater than 0.75 are generally con-
sidered excellent, values between 0.40 and 0.75 are fair
to good, and those less than 0.40 represent poor agree-
ment, little better than chance (9).

A single overall measure of reliability may have lim-
ited value in developing a new coding scheme, since
poor reliability may arise from ambiguity in the defini-
tion of a particular category or through confusion be-
tween pairs of categories. To investigate the reliability
of nominal scales, both Kraemer (11, 12) and Schouten
(13, 14) suggested a summary matrix of coefficients, as
contrasted with a single kappa statistic. In the matrix
suggested by Schouten, the intraclass kappa coefficients
allow particularly unreliable categories to be identified
and therefore permit further investigation to show the
extent to which they are confused with the other cate-
gories.

Results

Diagnoses

Of the 576 cases considered in this analysis, 47.6%
(N=274) were disorders of the hand, wrist, or forearm,
12.3% (N=71) were of the shoulder, 11.6% (N=67) were
of the neck or thoracic spine, 11.3% (N=65) were of the
elbow, 11.1% were of the lumbar spine or trunk, 3.3%

(N=19) were of the foot or ankle, and 2.8% (N=16) were
of the hip or knee.

Repetition and vibration

Low agreement between the reviewers was found for
both repetition (kappa=0.27) and vibration (kap-
pa=0.41), and a more-detailed analysis was not indicat-
ed.

Task codes

Not all the cases could be assigned a meaningful task
code. Sometimes no task had been recorded (eg, “task
not known”), and in others the description was inade-
quate (eg, “heavy manual activity” or “nursing”).
Among 576 eligible cases, the proportion of tasks giv-
en a specific code (codes 1–16) by four coders was 91%,
89%, 95%, and 87%, respectively; 80% of the tasks (459
cases) was coded by all four. The remaining 20% were
classified by at least one rater as either “uncodeable”
(code=99) or “other unspecified” (code=0) and exclud-
ed from further analysis. The degree of interrater agree-
ment between “codeable” and “uncodeable” was only
fair (kappa = 0.44). In the intrarater reliability analysis,
84% of the activities were given a specific code in both
ratings, and the degree of agreement between “code-
able” and “uncodeable” was excellent (kappa = 0.85).

The overall agreement between the four coders on 16
task codes was good (kappa = 0.73). It was particularly
high for keyboard work (kappa = 0.96), coordinated

Table 1. Task and movement codes (with some examples, in parentheses).

Code Tasks Movements

  1 Keyboard work (typing, work with visual display unit or computer, checkout, piano playing) Fine hand (keyboarding, sewing)
  2 Driving screws, cutting (using scissors) Forceful upper-limb grip (bricklaying,

hammering, beating, painting, meat boning)
  3 Hammering, chopping, sawing (carpentrying) Torque upper limb (driving screws)
  4 Guiding or holding tools (painting, boring, drilling, ironing) Lifting
  5 Meat boning or filleting Carrying
  6 Packing or sorting (meat packing, assembly-line sorting) Pushing
  7 Assembly (small or delicate parts) Pulling
  8 Assembly, large or heavy parts (vehicle assembly or repair) Forceful leg movement (machine treadling or

foot switching)
  9 Materials manipulation (pottering, carpet laying, masseuring, gardening) Overhead work
10 Machine operation, heavy or forceful (using jackhammer or farming equipment) Materials handling, not elsewhere specified
11 Machine operation, light or technical or scientific (sewing machine operation) Bending (digging, with lifting as well)
12 Heavy lifting-carrying-pushing-pulling (digging, loading bins, patient lifting) Sitting (if relevant, eg, not with keyboard use)
13 Light lifting-carrying-pushing-pulling (filing and office work, domestic cleaning) Standing-walking
14 Coordinated whole body movement (climbing, participating in sports and athletics, Kneeling (carpet laying)

performing arts)
15 Driving: heavy plant, forklift Twisting, postural
16 Driving: automobiles Postural, not elsewhere specified (postures not

covered under 11–15)
  0 Other Other
99 Uncodable Uncodable
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whole-body movement (kappa = 0.91), meat boning or
filleting (kappa = 0.83), and heavy lifting (kappa = 0.80)
(table 2). The agreement was poor for light and heavy
assembly, and heavy machine operation (kappa values
all ≤0.40).

By comparing the initial four ratings with the derived
“gold standard”, the proportions of false positives (ie,
coder recorded a specific task code not assigned in the
consensus code) and of false negatives (code omitted)
were calculated. Table 2 shows that all four coders had
a generally high proportion of false positives and very
few false negatives (ie, coders tended to include more
codes that agreed in the consensus coding which acted
as the “gold standard”). It can be noted that a very high
proportion of the true positives were accounted for by
three types of task (keyboard work, heavy lifting-carry-
ing-pushing-pulling, and guiding or holding a tool), the
analysis of other tasks (particularly assembling of small
or large parts) being based on only very small numbers
of “true” observations.

Levels of coding agreement were then considered in
the following four main diagnostic groups: “upper
limb”, “neck-thoracic spine”, “lumbar spine-trunk”, and
“lower limb”. The overall agreement was good for tasks
associated with disorders of the upper limb (kappa =
0.71), neck (kappa = 0.82), and lumbar spine (kappa =
0.74), but less so for the lower limb (kappa = 0.63).

The intrarater agreement was, in general, better than
the interrater agreement, but the pattern of high or low
kappa values among 16 task codes was very similar,
apart from category 8 (assembly of large or heavy parts).

A consistently low agreement was found in both intra-
and interrater reliability for category 7 (assembly of
small or delicate parts) and category 10 (machine oper-
ation, heavy or forceful).

Movement codes

Essentially the same methods were used to assess the
reliability of the movement codes. Among 576 eligible
cases, the proportion of tasks given a specific movement
code (codes 1–16) by four coders was 89%, 88%, 95%,
and 81%, respectively; 76% were coded by all four cod-
ers. The remaining 24% cases had been coded at least
by one as “uncodeable” (code=99) or “other unspeci-
fied” (code=0) and were excluded from further analy-
sis. The degree of interrater agreement between “code-
able” and “uncodeable” was fair (kappa = 0.46). The
proportion given a specific code in both ratings in the
intrareliability analyses was 80%; the agreement be-
tween “codeable” and “uncodeable” was also good (ka-
ppa = 0.85).

As with the task codes, the agreement between cod-
ers for the 16 movement codes (table 3) was generally
excellent (kappa = 0.79), particularly for kneeling, fine
hand (work), standing-walking, and lifting. For some,
however, the agreement was very poor, for example, for
materials handling, postures not elsewhere specified,
and even carrying. The false positive rates were mostly
high, and the false negatives were very low. Again, cer-
tain codes (fine hand movements, forceful movements
of the upper limb and lifting) accounted for a very high

Table 2. Level of interrater agreement for the 16 categories of task codes. (95% CI = 95% confidence interval, FP = false positive, FN =
false negative)

Summary    95%CI Rater 1 Rater 2 Rater 3 Rater 4 “True”

kappa FP FN FP FN FP FN FP FN positives

Task headline code (%) (%) (%)  (%) (%) (%) (%) (%)   N %

  1 Keyboard work 0.96 0.92–1.00 2.1 0.6 2.2 1.2 2.1 1.2 1.5 2.7 138 30
  2 Driving screws, cutting 0.76 0.72–0.79 23.1 0.4 0.0 0.2 9.1 0.4 28.6 4.5 12 3
  3 Hammering, chopping, sawing 0.75 0.71–0.78 12.5 0.2 23.6 0.5 12.5 0.2 16.7 1.1 15 3
  4 Guiding or holding tool 0.56 0.53–0.60 20.6 3.7 12.1 6.8 25.0 6.0 27.5 5.1 58 13
  5 Meat boning or filleting 0.83 0.79–0.87 0.0 0.0 23.0 0.0 0.0 0.4 0.0 0.0 6 1
  6 Packing or sorting 0.73 0.70–0.77 0.0 0.5 0.0 1.6 28.0 0.2 17.4 0.0 19 4
  7 Assemblying, small parts 0.40 0.36–0.44 50.0 0.4 63.7 0.0 25.0 0.0 50.0 0.4 4 1
  8 Assemblying, large parts 0.37 0.33–0.40 33.3 0.2 70.0 0.0 50.0 0.2 76.9 0.0 3 1
  9 Materials manipulating 0.49 0.45–0.53 28.4 0.4 20.0 0.9 53.3 1.1 58.3 0.4 12 3
10 Machine operating, heavy or forceful 0.39 0.35–0.42 42.3 0.2 71.8 1.2 68.7 2.5 38.5 1.8 16 4
11 Machine operating, light or technical 0.55 0.51–0.58 10.6 2.3 16.7 2.7 22.0 1.2 22.2 2.9 27 6
12 Heavy lifting-carrying-pushing-pulling 0.80 0.76–0.83 6.0 1.9 9.1 2.8 8.5 3.8 13.8 5.2 100 22
13 Light lifting-carrying-pushing-pulling 0.61 0.57–0.65 16.7 1.1 35.5 1.2 48.7 1.2 35.7 1.6 25 5
14 Coordinated whole-body moving 0.91 0.87–0.94 0.0 0.0 0.0 0.2 0.0 0.2 18.2 0.0 9 2
15 Driving: heavy plant, forklift 0.85 0.80–0.88 22.2 0.0 0.0 0.0 32.2 0.0 12.5 0.0 7 2
16 Driving: automobiles 0.81 0.77–0.85 14.3 0.2 12.5 0.0 25.0 0.2 22.2 0.0 7 2

Overall 0.73 0.77–0.85 459 100
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proportion of the true positives, with very small num-
bers for the analysis of other movement codes.

The interrater agreement for each of the four main
body regions was generally high [upper limb (kappa =
0.79), neck (kappa = 0.74), lumbar spine (kappa = 0.65),
and lower limb (kappa = 0.72)]. Inconsistencies did oc-
cur; for example, in one case of back pain attributed to
the use of a visual display unit or desk work, one rater
coded the movement as “fine hand” and three as “sit-
ting”. A problem also arose with disorders at more than
one anatomical site. For example, a man with both
shoulder pain and bursitis of the hip-knee had expo-
sure described as “roofing and use of hand tools”, but
without mention of which aspect of roofing affected the
lower limb (presumably kneeling, but not coded as such
by all coders).

Overall, the intrarater agreement was better than the
interrater agreement for the 16 movement codes. For
categories 5 (carrying), 6 (pushing), 10 (materials han-
dling, not elsewhere specified), and 16 (postural, not
elsewhere specified), the interrater agreements were
much lower than the intrarater agreements.

Further identification of unreliability

Matrix analyses (available from the authors upon re-
quest) showed a main diagonal consisting of binary co-
efficients that measured the reliability of each category
relative to all others combined. The other (off-diagonal)
elements were interclass kappa coefficients for pairs of
categories, reflecting the degree of confusion between

them. The more negative the interclass coefficients, the
higher the degree of confusion between the pairs of cat-
egories. For infrequently used categories, the small num-
bers in the subgroup resulted in wide confidence inter-
vals, which reduced the effectiveness of this analysis.
For this reason, our analysis focused on categories in
which reasonable numbers of cases were included.

For the task codes, keyboard work, heavy lifting, and
light lifting were clearly distinguished from the rest of
the categories, whereas guiding or holding tools (code
4) were confused with assembly work (codes 7 & 8) and
with heavy machine operation (code 10) [k(4,7) = –0.90,
k(4,8) = –1.13 and k(4,10) = –1.93, respectively]. For
the movement codes, fine hand movements were clear-
ly distinguished from the rest of the categories, forceful
upper-limb grip (code 2) was confused with pushing
(code 6) [k(2,6) = –0.90] and materials handling (code
10) [k(2,10) = –0.40], and lifting (code 4) was confused
with carrying (code 5) [k(4,5) = –0.84]. This evidence
of apparent confusion between categories suggested that
existing categories should be combined to increase reli-
ability. For example, task codes 10 and 11 were later
combined to the single category of “machine operation”.

Discussion

The purpose of a clinically based surveillance scheme
such as MOSS is primarily to obtain data on the inci-
dence of specific diseases (by gender, age, occupation,

Table 3. Level of interrater agreement for the 16 categories of movement codes. (95% CI = 95% confidence interval, FP = false positive,
FN = false negative)

Summary    95%CI   Rater 1  Rater 2  Rater 3   Rater 4    “True”

kappa      FP   FN    FP  FN   FP FN    FP  FN   positives

Movement Headline code     (%)  (%)   (%)  (%)  (%) (%)   (%) (%)   N %

  1 Fine hand 0.89 0.85–0.93 3.2 3.9 1.4 4.2 1.8 1.4 7.4 4.3 163 37.1
  2 Forceful upper-limb grip 0.77 0.73–0.80 6.4 7.3 11.4 2.9 10.8 3.2 15.3 8.1 126 28.7
  3 Torque, upper limb 0.63 0.59–0.67 25 0.2 0.0 0.0 33.3 0.0 62.5 0.2 4 0.9
  4 Lifting 0.84 0.80–0.88 12.6 2.4 6.9 1.8 6.5 3.8 14.4 6.6 100 22.8
  5 Carrying 0.33 0.29–0.36 100.0 0.2 100.0 0.2 83.3 0.0 100.0 0.2 1 0.2
  6 Pushing 0.44 0.40–0.48 0.0 0.0 40.0 0.2 50.0 0.7 0.0 0.7 4 0.97
  7 Pulling 0.66 0.62–0.70 28.6 0.0 25.0 0.5 0.0 0.2 60.0 0.7 5 1.1
  8 Forceful leg movement 0.72 0.69–0.76 0.0 0.0 0.0 0.0 0.0 0.0 60.0 0.0 4 0.9
  9 Overhead work 0.57 0.53–0.61 0.0 0.0 0.0 0.0 66.7 0.0 50.0 0.0 1 0.2
10 Materials handling, not elsewhere

specified 0.10 0.06–0.14 92.3 0.0 50.0 0.0 – 0.2 100.0 0.2 1 0.2
11 Bending 0.58 0.54–0.62 75.0 0.5 33.3 0.2 60.0 0.2 50.0 0.2 3 0.7
12 Sitting 0.63 0.59–0.67 33.4 0.2 50.0 0.5 50.0 0.2 33.3 0.7 5 1.1
13 Standing-walking 0.85 0.81–0.88 0.0 0.2 0.0 9.3 8.3 0.2 0.0 0.9 12 2.7
14 Kneeling 0.94 0.90–0.98 0.0 0.0 0.0 0.0 0.0 0.0 20.0 0.0 4 0.9
15 Twisting, postural 0.53 0.49–0.57 0.0 0.0 0.0 0.0 0.0 0.2 – 0.5 2  0.5
16 Postural, not elsewhere specified 0.18 0.14–0.21 40.0 0.2 42.9 0.0 – 0.9 83.3 0.7 4 0.9

Overall 0.79 0.77–0.81 439 100.0
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and geographic location) that, in the opinion of the re-
porting physician, have been caused or made substan-
tially worse by work. Such information from specialist
physicians is likely to be reasonably correct, and the re-
sulting data help to assess the extent of work-related dis-
ease, to initiate further epidemiologic study, and to es-
tablish preventive strategies (7, 8). A secondary objec-
tive is to throw light on causation, but the accuracy of
an attribution to specific work activities may be open to
question. Moreover, rheumatologists may only see pa-
tients at a late stage of their illness, and thus initiating
factors may not be described accurately or completely.
Nevertheless, since the information on the exposure ac-
tivities reflects a wide range of occupations and indus-
tries and covers a wide spectrum of exposures, analysis
of the physical risk factors and possible trends over time
may point to emerging or unsuspected hazards that war-
rant closer examination. For this purpose, the opinions
recorded as to the factors suspected require specifically
designed validation. A first step is to ensure that the re-
ported information can be coded reliably for statistical
analysis.

Although the kappa statistics calculated should be
regarded as upper estimates (cases were only included
if all 4 coders offered a specific code), the agreement
between coders was good to excellent for most, but not
all, of the factors examined. The single summary kappa
statistic has been supplemented in this study by the cal-
culation of false positive rates, the comparison of inter-
reliability and intrareliability, and the inspection of the
matrix of kappa coefficients.

In this study three main reasons for poor reliability
were found by examining cases with poor agreement.
Inconsistencies in coding resulted most clearly when, in
disorders affecting more than one anatomic site, it was
uncertain to which specific disorder the reporting fac-
tor applied. Next, the matrix analyses identified several
categories that were repeatedly “confused” by the cod-
ers. Finally, occasional inconsistencies resulted from the
vagueness of some of the information recorded by the
reporting physician. Indeed it was this imprecision that
made it unrealistic to define categories more precisely
and led to the decision to collapse codes where confu-
sion persisted.

Several procedures would probably improve the re-
liability of the coding scheme considerably. First, easi-
ly confused categories could be combined if a more
meaningful category could be derived; failing this, bet-
ter specification, with examples, might improve the re-
liability in certain poorly defined categories. Second,
clear descriptions of tasks and movements could be sent
to reporting physicians for guidance; revision of the re-
porting card to ask specifically about repetition and vi-
bration may produce data on these dimensions that

would add considerably to the understanding of causa-
tion in some conditions. Third, double coding and rec-
onciliation between coders should be used both in train-
ing and for subsequent quality control. This use may
also increase the number of usable cases; although only
80% of the tasks, movements, or activities were given a
usable code by all four coders in the present methodo-
logical study, at least one of the four coders was able to
assign a code for 95% of the cases. Finally, since the
reliability of less frequently coded categories remains
uncertain, but not necessarily unimportant, their relia-
bility should be reassessed after further use.
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