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Knee disorders in carpet and floor layers and painters

by Jorma Kivimaki, MD," Hilkka Riihiméaki, MD,? Kari Hanninen, MSc(Eng)"

KIVIMAKI J, RIIHIMAKI H, HANNINEN K. Knee disorders in carpet and floor layers and painters.
Scand J Work Environ Health 1992;18:310—6. In an evaluation of the effect of kneeling work on the
knees, 168 actively working carpet and floor layers and 146 house painters were examined with the aid
of a questionnaire, a clinical examination, and radiography. Reported knee pain, knee accidents, and
treatment regimens for the knees were more common among the carpet and floor layers than among the
painters. Radiographic changes of the tibiofemoral joint were noted equally in the two occupational groups,
but osteophytes of the patella were more common among the carpet and floor layers than among the
painters. In a multivariate analysis, the determinants of osteophytosis of the knee were age, occupation,
knee accidents, and smoking, and osteophytosis may be due to more frequent workbreaks from kneeling
postures among smoking workers. This study indicates that kneeling work increases the risk of knee dis-
orders and such radiographic changes that might be an initial sign of knee degeneration.
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In their classic study among British miners, manual
workers, and office workers, Kellgren & Lawrence (1)
verified the association between occupational load on
the lower extremities and knee arthrosis. This asso-
ciation has been confirmed in several other studies in
which knee arthrosis has been defined on the basis of
tibiofemoral osteophytosis (2) or narrowing of tibio-
femoral joint spaces (3).

In a comparison of different occupations, the inci-
dence of knee pain increased when work required
kneeling (4). In some occupations the proportion of
kneeling postures is very high, and the work causes
prolonged impact stresses against the patellar joint sur-
faces. These stresses are regarded as important in the
genesis of arthrosis (5). In previous studies on occupa-
tional arthrosis, the effect of kneeling work on the
patellofemoral joint has not been considered.

The objective of the present study was to evaluate
the effect of occupational kneeling on the knees, with
special interest in arthrosis.

Subjects

All of the actively working male carpet and floor layers
who ranged in age from 25 to 49 years, lived in south-
ern Finland, had at least five years of experience in
their current occupation, and were registered members
of the trade union were enlisted for this study. House
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painters were selected with the same criteria with the
use of frequency matching according to five-year age
strata. One hundred and sixty-eight (78%) of the 216
carpet and floor layers and 146 (66%) of the 222 house
painters participated in the study (table 1).

Methods

Exposure assessment

Eleven floor layers, fifteen carpet layers, and nine
painters were videotaped performing typical work
tasks. The videorecordings covered each task from the
beginning to completion. The total observation time
was 12 h. In the analysis of the tapes, the durations
of different work postures were registered, and the
proportions of the total observation time were calcu-
lated for each of the following postures: standing,
squatting with knees flexed more than 90 degrees,
kneeling with one knee on the floor, and kneeling with
both knees on the floor.

Table 1. The selection data.

Carpet and g
Source floor layers Pal(rg‘t)e IS
N)

Register of construction
worker union 245 249

Not active 1 15
Preliminary questionnaire 234 234

Not active 18 (8 %) 13 (6 %)

Nonrespondents 11 (5 %) 33 (14 %)
Invited 205 188

Nonrespondents 37 (18 %) 42 (22 %)
Participants 168 146




Questionnaire data

Individual factors. In a self-administered question-
naire, the subjects were asked to indicate their age,
height, and weight. Body mass index (BMI) was cal-
culated as weight (in kilograms) divided by height (in
meters) squared, and three classes (BMI <«<24.0,
24.0—27.9, and >28.0) were formed. The subjects
were classified as smokers, ex-smokers, and non-
smokers according to their reported daily smoking
habits. They reported the frequency of leisure-time
physical exercise that lasted at least 20 min and caused
sweating or breathlessness. For the data analysis, a
dichotomous variable was formed (exercise less than
once a week/exercise once a week or more). The num-
ber of years in the current occupation and the aver-
age number of workhours in a week were also reported.

Knee disorders. Life-time knee morbidity was evalu-
ated from the responses to the questions on knee dis-
orders that had been confirmed by a physician. Knee
accidents were determined from the responses indi-
cating whether they had ever had a knee injury treated
by a physician or sudden and intense swelling of the
knee. The subjects were also asked about life-time
treatment regimens for the knee.

Knee pain. The presence of knee pain during the
preceding month was evaluated from the responses to
the question on whether or not the subjects experienced
pain during the following tasks for the right and left
knees separately: ascending stairs, descending stairs,
walking on level ground, sitting still, resting at night,
and squatting and kneeling. For further data analy-
sis, a dichotomous knee pain index was formed based
on the first five tasks (0 =no pain in any of the tasks;
1 = pain in one or several tasks). Pain in squatting and
pain in kneeling were excluded from this categoriza-
tion because of their differential occurrence in the two
occupations. Acceptable evaluations of knee pain dur-
ing the different tasks were received from 167 carpet
and floor layers and 145 painters.

The subjects indicated the intensity of knee pain in
the right and left knees during the preceding month
on a 5-cm long visual analogue scale ranging from ‘‘no
pain’’ to ““worst possible pain’’ according to Million
et al (6). The ratings were approximated to the nearest
centimeter.

Handicap due to knee pain. The handicap due to knee
pain was evaluated on a 5-cm long visual analogue scale
ranging from ‘“no handicap’’ to ‘‘total hindrance.”
The handicap in work and that in walking on level
ground were recorded separately. For the analysis, the
ratings were approximated to the nearest centimeter,
ranging from O to 5.
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Clinical examination

One hundred and sixty-seven carpet and floor layers
and 146 painters were clinically examined. The clini-
cal examinations were carried out by a specialist in
physical medicine who was unaware of each subject’s
medical history of knee disorders or actual knee symp-
toms. The examiner could not be blinded with regard
to occupation because, in many cases, the skin changes
at the anterior aspect of the knees revealed the sub-
ject’s occupation. Knees were palpated to verify tender-
ness in the margins of the patella, in the medial and
lateral margins of the tibiofemoral joint, and in the
posterior aspect of the knee. Pain on grating of the
patella, restrictions in passive motion, and pain at the
end of a prompt passive extension was examined when
the subject was lying supine with his thigh muscles
relaxed.

A knee exertion test was performed as one part of
the clinical examination. In this test, the subject was
asked to squat 50 times in a free tempo without pauses.
The squats had to be deep enough for the subject to
touch the floor with his hands at the outer sides of his
feet. Immediately after the test, the subjects were asked
to estimate the intensity of pain in the right and left
knees separately, on a 5-cm long visual analogue scale
ranging from ‘‘no pain’’ to ‘‘worst imaginable pain.”’
For the analysis, the ratings were approximated to the
nearest centimeter.

Radiographic examination

A radiographic examination of the knees was accepted
by 168 carpet and floor layers and 142 painters. An
anteroposterior radiograph of the knees was taken on
one film with the subject standing. For lateral projec-
tion the subject was lying on his side and the knee was
slightly flexed. Tangential radiographs of the patello-
femoral joint were taken with the subject lying supine,
knees flexed 30 degrees, and the beam directed
cephalad at an angle of 10 degrees from the surface
on which the subject was lying (7).

The radiographic parameters determined were os-
teophytes and narrowing of joint spaces. Osteophytes
were recorded for the following 10 anatomic locations:
medial and lateral margins of the tibia, femur, and
patella; medial and lateral eminentia, and upper and
lower margins of the patellar joint surface. The size
of an osteophyte was defined as the perpendicular dis-
tance from the cortex to the outer margin of the os-
teophytes. The knee was classified as arthrotic if any
osteophytes were found in the inspected joint margins.

The radiographs were interpreted independently by
two physicians (a radiologist and a physiatrist), who
had no information about the occupation, age, or clini-
cal data of the subjects. If their initial interpretations
differed, they discussed the films and agreed on the
final classification.

Both physicians reevaluated the radiographs of 50
patients. The two evaluations gave an equal osteophyte

311



Scand J Work Environ Health 1992, vol 18, no 5

grading for 92% of the patellofemoral and 95% of the
tibiofemoral joint margins.

Ethical considerations
Acceptance for the study protocol was obtained from
an ethics committee, and the subjects were asked for
an informed consent.

Statistical methods

The chi-square test was used for the statistical testing
of contingency tables. In the multivariate analysis,
binomial regression modeling was performed with
GLIM (general linear interactive modeling) (8) with
Wacholder’s macros (9).

Rate ratio (RR) estimates and their 95 % confidence
intervals were calculated from the regression coeffi-
cients and their standard deviations. Osteophytosis of
one or both knees was used as the dependent variable,
and the independent variables were age, occupation,
smoking, leisure-time physical exercise, body mass in-
dex, and reported knee accidents.

Work tasks

Results

Exposure

In the observed tasks of the carpet and floor layers,
kneeling postures with one or both knees on the floor
occurred approximately 42% of the total observation
time, but among the painters kneeling postures were
rare (figure 1). Postures with both knees on the floor
were noted only for the carpet and floor layers. Squat-
ting positions occurred in only 3% of the total obser-
vation time in both occupations.

Individual characteristics

The two occupational groups were similar in age,
height, weight, and BMI (table 2). Thirteen percent of
the carpet and floor layers and 22% of the painters
were overweight (BMI greater than 28). The carpet and
floor layers had worked in their present occupation for
slightly less time than the painters. The average work-
times were 14.7 (SD 7.7) years and 18.1 (SD 7.5) years
for the two groups, respectively. The average weekly
worktime was 40 h for both occupations.

Observation time (min)/
No of samples

Iinstalling base 37/ 1
»
© Installing mosaic parquet 76/ 3
>
= Installing board parquet 59/ 1
o
8 arinding 33/ 2
™
Varnishing 63/ 4
Leveling 86/ 4
@ Spreading glue 8/ 2
o
% Installing vinyl tiles 79/ 4
s
8 Cutting carpet 18/ 1
A
& Instaliing carpet 93/ 3
Installing skirting board 22/ 1
@ Leveling wall 48/ 5
.
[ i
€ Leveling roof 22/ 2
‘©
Q. Painting or spraying 102/ 2
0 20 40 60 80 100
Percentage of observation time
Both knees on floor Squatting B
One knee on floor Standing [ ]

Figure 1. Knee postures according to work task and occupation.
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Table 2. Age and anthropometric data of the subjects. (BMI=body mass index)

Age (years) Height (cm) Weight (kg) BMI (kg - m—2)
Grou
g Mean SD Mean SD Mean SD Mean SD
Carpet and floor layers
(N =168) 38.5 6.8 176.8 5.8 785 10.3 251 238
Painters (N = 146) 39.1 6.7 176.4 6.4 80.2 12.6 25.7 3.7

Half of the subjects in both occupations were smok-
ers, one-fourth had stopped smoking, and one-fourth
had never smoked. The frequency of leisure-time phys-
ical exercise was reported equally in the groups, 41%
of subjects having exercised at least once a week and
17% not having exercised at all.

Knee disorders

Meniscal lesions and ligament lesions were reported
twice as frequently by the carpet and floor layers as
by the painters, but a statistically significant difference
between the two occupations was noted only for the
reported frequency of knee bursitis (table 3). Forty-
six percent of the carpet and floor layers and 27% of
the painters had called a physician for knee accidents
(P <0.001); 39 versus 19%, respectively, had been on
sick leave for a knee accident (P<0.01); and 51 ver-
sus 26% had experienced a sudden swelling of the knee
(P <0.001).

Minor treatment measures to the knees were re-
ported more frequently by the carpet and floor layers,
but for knee operations no difference between the
groups was noted. Knee injections were reported by
18% of the carpet and floor layers and by 4% of the
painters P <0.001), and the frequency of knee tapping
was 34 and 11% in the groups, respectively (P <0.001).
Fourteen percent of the carpet and floor layers and
10% of the painters reported knee operations; 6% of
the subjects in both groups had been operated on for
meniscal lesions, and 1% had been operated on for
ligament ruptures.

Symptoms
Seventy-four percent of the carpet and floor layers and
61% of the painters reported knee pain for at least one
of the seven tasks evaluated (P <0.05). For four tasks,
the knee pain was reported significantly more frequent-
ly by the carpet and floor layers than by the painters,
and the difference between the two occupations was
greatest for the pain felt during kneeling (table 4). Ac-
cording to the knee pain index, 64% of the knees of
the carpet and floor layers and 67% of those of the
painters were painless.

The ratings from the visual analogue scales revealed
that 34% of the carpet and floor layers and 53% of
the painters had no pain in either knee (P <0.01), and,

Table 3. Percentage of knee disorders verified by a physician
among 168 carpet and floor layers and 146 painters.

Carpet

’ and floor Painters

Disorder layers (%)
(%)

Arthrosis of the knee 2 2
Ruptures of knee menisces 10 5
Lesions in knee ligaments 6 3
Bursitis in front of the knee 19 2

*** P<0.001.

Table 4. Percentage of reported knee pain during different
tasks in the preceding month among 167 carpet and floor and
floor layers and 145 painters.

Carpet and

Task floor layers Paz‘r)}t;ars
(%) °
Ascending stairs 25 24
Descending stairs 20 19
Squatting 40 39
Walking on level ground 23 14*
Kneeling 62 46***
Sitting still 26 19*
Resting at night 23 12*

* P<0.05, *** P<0.001.

respectively, ratings of 3—S5 were obtained on the
visual analogue scale for 10 versus 4% of the subjects
(P <0.05). Knee pain did not cause any trouble at work
for 29% of the carpet and floor layers and 52% of the
painters (P <0.001). Correspondingly, 44 and 67%
(P<0.001) of the workers had no trouble with knee
pain while walking on level ground.

Clinical examination

Soft tissue changes in the anterior aspect of the knee
were the most typical findings among the carpet and
floor layers. Clinical findings suggesting degeneration
of the knee joint (ie, pain on grating of the patella,
tenderness in the margins of the patella, and tender-
ness in the tibiofemoral joint margins) were noted
equally in the two groups (table 5).

After the exertion test, ‘‘no pain’’ was indicated by
30% of the carpet and floor layers and 42% of the
painters on the visual analogue scale (P <0.01), and
severe pain (values 3—5) was indicated by 10 and 3%,
respectively (P <0.01). Seven percent of the subjects
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Table 5. Percentage of clinical findings in the knees of 167
carpet and floor layers and 146 painters.

Carpet and

floor layers’ Pi:‘;g;s,
Clinical finding knees _
_ (N =292)
(N=334) (%)
(%)
Tenderness in front of
the patellar tendon 2 0
Tenderness at the lower
pole of the patelia 5 3
Skin thickening on the
front of the knee 52 [
Pain on grating of
the patella 18 17
Tenderness on palpating
the patella
Medially 5 7
Laterally 2 1
Crepitation of the
patella 15 14
Tenderness in the
tibiofemoral joint
Medial joint margin 8 6
Lateral joint margin 2 1
Pain at the end of prompt
passive extension 10 9
*** P<0.001.

Table 6. Percentage of osteophytes according to location in
the knees of 168 carpet and floor layers and 142 painters.

Carpet and

floor layers’ Piir:\é:;s’
Location knees O
_ (N =284)
(N =336) (%)
(%)
Margins of the patellar
joint surface
Cranial 35 28**
Caudal 26 11*
Medial 4 4
Lateral 15 20
Eminentia
Medial ik 12
Lateral 12 11
Margins of tibiofemoral
joint spaces
Tibia medial 18 20
Femur medial 4 2
Tibia lateral 7 7
Femur lateral 7 3

" P<0.05, ** P<0.01.

(8 carpet and floor layers and 12 painters) had to in-
terrupt the exertion test due to breathlessness or weak-
ness in the legs.

Radiographic examination

Narrowing of the patellofemoral joint space was evi-
dent in 1%, and narrowing of the medial tibiofemoral
joint space in 2%, of the radiographs. The prevalence
of knee osteophytes was 58% among the carpet and
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floor layers and 41% among the painters (P <0.01).
Osteophytes were located the most often in the cra-
nial and caudal margins of the patellar joint surface,
and in these locations they were significantly more
common among the carpet and floor layers than
among the painters (table 6). Osteophytes were equally
prevalent in the tibiofemoral joint in the two groups.
The prevalence of patellar osteophytes increased with
age in both occupations, and in every age group os-
teophytes were more common among the carpet and
floor layers than among the painters (figure 2).

The osteophytes were usually very small, and only
7% of them had a perpendicular distance of 2 mm
from the cortex to the outer margin of the osteophyte.

In the multivariate analysis, age, reported knee ac-
cidents, occupation, and current smoking were signifi-
cant variables associated with osteophytosis of the
knees (table 7). Leisure-time physical exercise and the
BMI were included in the analysis, but they did not
have a significant effect on the occurrence of knee
arthrosis. The rate ratio for knee arthrosis in 81 ex-
smokers was 1.0 in relation to the occurrence in 65 non-
smokers, and these groups were combined in the anal-
ysis.

Osteophytosis of the knee was related to the knee
pain index of the carpet and floor layers (RR 1.4, 95%
CI 1.0—2.0) but not to that of the painters (RR 1.1,
95% CI 0.7—1.6).

Pain on grating of the patella or tenderness in the
patellar margins was not related to patellar osteo-
phytosis. The ratings on the visual analogue scale in
relation to the exertion tasks (values 1—5) were as-
sociated with osteophytosis in both occupations. Pain
was reported in 59% of the knees without patellar os-
teophytes and in 71% of the knees with patellar os-
teophytes (P <0.01).

Discussion

This comparison of two occupations from the house
building trade revealed that knee disorders, knee symp-
toms, and radiographic changes of the patella were
more common among the carpet and floor layers than
among the painters. The radiographic changes at the
margins of the patellar joint surface were related to
knee symptoms, but not to clinical findings of the
patellofemoral joint.

It is probable that primary and secondary selection
would tend to dilute the effect of occupational load
in this study. Higher knee load requirements would
tend to select men with knee disorders from work as
a carpet or floor layer. The restriction of the study sub-
jects to those less than 50 years of age was used to
diminish the effect of possible differential secondary
selection due to knee disorders.

The carpet and floor layers participated in the ex-
aminations more frequently than the painters, and it
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Figure 2. Prevalence of patellar os-
teophytosis in the knees of 168 carpet
and floor layers and 142 painters by age
and occupation.

is possible that workers with knee problems were more
willing to have their knees examined. We received a
reply to the questionnaire from about one-half of the
workers who had not accepted the invitation to par-
ticipate in this study. Most of these workers were not
experiencing any knee problems and, for this reason,
regarded the examinations as unnecessary. This occur-
rence may have caused a positive bias.

The work analysis confirmed that knee load is es-
sentially different in the two occupational groups. The
carpet and floor layers kneeled, on the average 42%
of the time in the observed work tasks. An even greater
proportion of kneeling postures has been reported by
carpet installers in the United States, where a tool
called a ““knee kicker”’ is also used (10). This type of
tool is not used in Finland.

Although the knee symptoms were associated with
occupation, only small differences were noted in the
reported knee disorders and the current clinical find-
ings between the two groups. Skin changes and bur-
sitis in the anterior aspect of the knee seemed to be
the most typical lesions of carpet and floor layers, and
this finding is well in concordance with previous knowl-
edge (11, 12). Meniscal ruptures, knee ligament in-
juries, and arthrographies of the knees were reported
more often by the carpet and floor layers than by the
painters, but the differences were not significant. It
is rather surprising that, in spite of the great differ-
ences in occupational knee load, tenderness of the
patella and the patellar tendon were identified equal-
ly often in both occupational groups.

Most of the subjects had started their present occu-
pation in their 20ies. Thus, the possible effect of work
load on early radiographic changes might be seen at
least in the oldest age groups, although severe arthrotic
changes are not very probable in the age range of the
subjects. Patellar osteophytosis seems to be a finding
worth noting because it had a significant association
with pain in the knee exertion test. The determinants
of osteophytosis (age, occupation, knee accidents) have
been acknowledged earlier as risk indicators of knee
arthrosis (13). Osteophytes are usually regarded as a
sign of joint degeneration, although they are not al-

25-29

30-34 35-39
Age (years)

m Painters

: Carpet and floor layers

Table 7. Rate ratios and 95% confidence intervals for the de-
terminants of knee arthrosis in a multivariate binomial regres-
sion analysis.

95%
Determinant Rate ratio confidence
interval

QOccupation 1.4 1.1—-17
Knee accidents 15 1.2—1.8
Smoking

Nonsmokers and ex-smokers 1.0

Current smokers 038 0.6—0.9
Age (years)

25—34 1.0

35—39 1.4 1.0—2.0

40—44 20 1.4-27

45—49 20 1.4-27

ways accompanied by lesions of the cartilage (14) and
they do not necessarily precede other radiographic
findings of arthrosis (15). The different relationship
between the knee pain index and radiographic changes
in the two occupations suggests that the load in car-
pet and floor layers’ work may provoke symptoms in
arthrotic knees.

Smoking had a negative correlation with knee ar-
throsis, and the same phenomenon has been described
in a previous epidemiologic study (2). The reason for
this association remains obscure. One could speculate
that smoking workers take breaks more frequently and
thus shorten the duration of continuous exposure to
knee loads.

Examinations with arthroscopy and scintigraphy
have shown that, in its early stages, arthrosis can cause
many changes in bone metabolism and cartilage be-
fore becoming visible in radiography (16). The low sen-
sitivity of the radiographic examination may partially
account for the poor correlations between radiographic
findings and knee pain. On the other hand, knee pain
in subjects aged 25—49 years is more likely caused by
factors other than arthrosis (eg, meniscal lesions, chon-
dromalacia of the patella, and soft-tissue overuse syn-
dromes).
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In this study knee morbidity and osteophytosis of
the knees were related to occupation. Our results in-
dicate that long-term kneeling work provokes knee
symptoms and contributes to the development of knee
arthrosis.
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