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PREFACE

The Hazard Evaluations and Technical Assistance Branch of NIOSH conducts field
investigations of possible health hazards in the workplace. These
investigations are conducted under the authority of Section 20(a)(6) of the
Occupational Safety and Health Act of 1970, 29 U.S.C. 669(a)(6) which
authorizes the Secretary of Health and Human Services, following a written
~request from any employer or authorized representative of employees, to
determine whether any substance normally found in the place of employment has
potentially toxic effects im such concentrations as used or found.

The Hazard Evaluations and Technical Assistance Branch also provides, upon
request, medical, nursing, and industrial hygiene technical and consultative
assistance (TA) to Federal, state, and local agencies; labor; industry and
other groups or individuals to control occupational health hazards and to
prevent related trauma and disease.

Mention of company names or products does not constitute endorsement by the
National Institute for Occupational Safety and Health.
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1. SUMMARY

Tn November, 1981, the National Tnstitute for Occupational Safety and Health
(N1OSH) received a requesl to evaluate knee injuries occurring in members of
the Resilient Floor Layers and Decorator's Union Local, Number 8/3. The

request described problems of injury to cartilage and knee effusions (water
on the knee).

The majority of members of lLocal 873 work primarily as carpetlayers.

Workers who install wall-to-wall carpet experience multiple sources of acute
and chronic knee trauma from kneeling, pressure from sharp objects, and use
of a tool called a "knee kicker" to stretch the carpet. NIOSH investigators

sought to examine the occurrence of knee disease among carpetlayers in three
ways.

First, we reviewed claims submitted for Worker's Compensation, as compiled
by the U.S. Department of Labor. Carpet- and floorlayers submit a
disproportionately large fraction of claims for knee joint inflamation
attributed to kneeling, leaning, repetition of pressure, or striking against
a stationary object. Although carpetlayers comprise less than 0.06% of the
U.8. workforce, they submit 6.2% of compensation claims for traumatic knee
inflamation, a nearly 108-fold proportionate increase.

Second, N10SH contracted with the University of Cincinnati, Kettering
Laboratory, to assess the ergonomic forces transmitted to the knee during
use of the "knee kicker". The ergonomic study (Mueller, 1984) found that a
vigorous worker using the "knee kicker"™ generates forces of up to 3200

newtons (N), equivalent to four times body weight, transmitted directly to
the suprapatellar area.

Third, investigalors from NIOSH and from the University of Cincinnatti,
College of Medicine conducted a medical study of knee disease in
construction workers from three local Cincinnati unions. Participants
included carpet- and floorlayers from Local 873 of the Resilient Floor
L.ayers and Decorator’'s Union, bricklayers and tile- terrazo- and marble
setters from Local 18 of the Bricklayers Union, and millwrights from Local
1454 of the Millwrights and Machinery Erectors Union. The millwrights and
bricklayers (MWBL) participated as comparison populations, since they kneel
only intermittently and never use a knee kicker.


http:conslcucti.on

o

A questionnaire revealed thal, compared to Lhe MWRL, the cavpetlayers
reported more frequent bursitis (20% vs. 6%), needle aspiration of knee
fluid (32% vs. 6%), skin infections of the knee (7% vs. 2%), and "other"
miscellanecus knee conditions (19% vs. 10%). Nearly half (4/%) of the
floorlayers reported having had at least one episode of either knee
aspiration or bursitis, versus only 11% of MWBL. A score indicating
frequency of using the "knee kicker" was the only stalistically
significant predictor of bursitis, whereas factors representing years of
employmenl, occupatlonal kneeling, and the interaction of occupalional
kneeling with age were statistically significant predictors of "knee
Laps"”. Physical and X-ray examinations, conducted on a subset of 108
pacrticipants in Lhe questionnaire survey, indicated that the
queslionnaire responses were an insensilbive bul specific (over 80%)
predictor of chronic bursitis.

o i - e i e e e o i et it it

The study shows Lhat carpet- and floorlayvers are at increased risk of
traumatic knee disease. "Carpetlayer's knee" is clearly associated with
bursitis and effusions ("water on the knee"), and with increased
disability from knee injury. Both chronic kneeling and use of the "knee
kicker" to stretch wall to wall carpet appear to be associated with more
prevalent knee injury. Whenever possible, workers should reduce knee
trauma by wearing knee pads and using the hand operated "power
stretcher"”, rather than the "knee kicker". Further research is needed to
develop a carpet stretching device that will be mobile and efficient and
yet will reduce ergonomic trauma to the knee.

KEYWORDS: SOC 6162 (Carpet and Soft Tile Installers), bursitis,
arthritis, osteoarthritis, knee injury, disability, repetitive trauma,
ergonomics, occupation, carpetlayers, floorlayers, tilesetters,
millwrights, bricklayers




1. INTRODUCTLON

In November, 1981, the National Tnstitute for Occupational Safety and Health
(N1OSH) received a regquest from Local 873, Cincinnati, Ohio, of the

Resilient Floor Layers and Decorator's Union to evaluate knee injuries among
carpet and floorlayers. The requesl stated that members of this union were

prone to knee injuries resulting in accumulation of fluid and damage to
carltilage.

Local 873 represenis approximately 170 members who work as carpetlayers,
floorlayers, and decorators. Carpet- and floorlayers are overlapping groups
of workers who install linoleum, asphalt tile, and wall- to-wall carpet,
Since both carpet- and floorlayers in Local 873 install carpet and other
types of resilient flooring, we will refer to them collectively as
"floorlayers"™. These workers experience multiple sources of acute and
chronic knee trauma from kneeling, pressure from sharp objects, and use of a
tool called a "knee kicker™ to stretch carpet. Workers using the "knee

kicker" generate force by striking the suprapatellar area of their knee
against the instrument.

Floorlayers also describe frequent knee surgery, evacuation of knee
effusions ("knee taps"), and skin infections of the knee. To substantiate
these anecdotal reports, we examined Worker's Compensation claims complied
by the U.S. Department of Labor, Bureau of Labor Statistics, Supplemental
Data System (Root and McCaffrey 1982). Both carpet- and floorlayers submit
a disproportionately large fraction of the claims for worker's compensation
for knee joint inflammation attributed to kneeling, leaning, repetition of
pressure, or striking against a stationary object (Tanaka, et al., 1982).
The estimated 88,000 carpet installers in the United States comprise only
0.0575% of the total workforce (Table 1) yet they account for approximately
6.2% of such claims, a nearly 108-fold proportionate excess.

A second component of the evaluation of knee trauma among carpet- and
floorlayers consisted of an ergonomic evaluation of Lhe forces transmitted
to the knee during use of the "knee kicker". This study was conducted by
researchers at the University of Cincinnati, Ketlering l.aboratory under
contract from the NLOSH Division of Biomedical and Behavioral Science, and
is described in detail elsewhere (Mueller and Bhattacharya). The ergonomic
study found that a vigorous worker using the "knee kicker"™ generates forces
of up to 3200 newtons (N), equivalent to four times body weight, transmitted
directly to the suprapatellar area.

The purpose of the present interview and medical survey was to further
define the nature and magnitude of the knee morbidity among carpetlayers,
and Lo identify causative factors that may be eliminated or controlled. We
preface the descripltion of the medical study with a brief review of the
literature on the relation between knee trauma and musculoskeletal disease.
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LV. REVLIEW OF THE LITERATURE AND EVALUATION CRI1TER1A

A. REVIEW OF THE LITERATURE
Workers who kneel Lo perform their jobs inflict chronic trauma to their knee
joints, ™Housemaid's knee" is a well recognized disorder occurcing among
women who kneel to scrub floors {(Hunter, 1978). The characteristic feature
is a prepalellar bursitis. It is unclear to whal extent bursal discase is
accompanied by degeneration of carlilage or bone., The "beat knee™ of
British low seam coalminers has been sludied extensively. Bursilis and a
disfiguring cellulitis are the most conspicuous features of *"beal knee"
(Collis and Llewellyn 1924, Atkins and Marks 1952, Walkins et. al. 1958,
Sharcard 1965, Williamson, 1972). However, an increased occurrence of
meniscal lesions and arlhrosis in British coal miners is also fairly well
documented (Adamson 1946, Atkins 1957, Kellgren and Lawrence 1952, Sharrard
1965). Kellgren and Lawrence documented that 39 of 84 (46%) miners had some
radiologic evidence of osteoarlhritis of Lhe knee, compared with 10 of 42
(24%) office workers.

Other occupations have received relatively less attention with regard Lo
chronic knee injury. "Plumber's knee"™, calcification of the soft tissue
over the knee, has been described in a plumber who repeatedly bent water
pipes using his knee joint as a fulcrum (Ellis et. al. 1984). Knee disease
is recognized anecdotally in wrestlers, U.S. football players, skiers, and
sports athletes who incur extreme external trauma (Hadler 1984). Carpet and
floorlayers were first identified as a group at high risk of knee trauma by
the report, described above (Tanaka, 1982). The observation that carpet
and floor layers in the U.S. file a disproportionately large number of the
worker's compensation claims for knee injury is supported by a questionnaire
survey of construction workers in Sweden. 1In the Swedish study of 125,000
construction workers, floor- and pavrquet layers reported the highest
prevalence of pain and stiffness of the knee. The prevalence of knee
symptoms was 3.26 times that of clerks (Ekstrom, 1983). Unfortunately the
Scandinavian study has not yel been published in English.

B. EVALUATLON CRLTERLA

No official regulations or standards have been promulgated limiting
occupational trauma to the knee. Thus, no evaluation criteria, in the sense
of standards, will be referred to.

V. MATERTALS, PARTICIPANTS, AND METHODS

Hypotheses- The question of interest in the current study was whether
floorlayers, who bolh kneel and strike their knees repeatedly against the
"knee kicker" have increased prevalence of knee symptoms and of physical and
radiologic abnormalities than workers who neither kneel nor use this tool.

A secondary guestion was whether the increased knee werbidity, if such
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occurs, results from repetitive use of the knee kicker, from chronic
kneeling, or from both.

The Study Population- The carpel- and floorlayers were recruited through
the Resilient Floor Layers and Decorators' Union, TLocal 873. This union
local represents an estimated 20 33% of the carpet- and floorlayers in the
Cincinnati area. Because union members install linoleum flooring and
venetian blinds in addition to carpet, we further categorized workers
according to usual occupalion, based upon questionnaire data (Figure 1).
Carpetlayers, who both kneel and use a "knee kicker", were grouped with
other resilient floorlayers who kneel but may use a knee kicker

infrequently. Decorators were grouped with workers who infrequenlly kneel
and do not use a "knee kicker".

Comparison Populations- HNo comparison population was available in which
workers used the "knee kicker™ in the absence of kneeling. Instead, we
sought two referent groups, corresponding to "activity categories"™ 11, and
111 in Figure 1. We approached Local 18 of the Bricklayers' Union expecting
that bricklayers would kneel extensively but not use a knee kicker (Category
1L). 1In actuality, only a small subgroup of tilesetlers, marble and terrazo
workers within the bricklayer's union spend most of their worktime

kneeling. This subgroup, called "tilesetters” was retained in category 7T1.
The majority of the bricklayers spend a large portion of their workday
standing to construct walls; thus, bricklayers were included in category
T11. Also included in category 111 were members of Local 1458 of the
Millwrights and Machinery Erectors Union . The millwrights kneel
occasionally while assembling industrial fixtures and machinery. Like the
bricklayers, they do not use the "knee kicker".

Sampling Stratepy: All retired workers were recruited into the study,
regardless of union membership. Although the purpose of including retired
workers was to minimize losses from the study due to premature retirement
from knee disease, only dues-paying retired workers were listed on the union
roster. Thus, workers who had ceased paying dues after leaving the trade
were lost. All active floorlayers, and one third of currently active
members of the larger Bricklayers' and Millwrights' unions were sampled.

OQutcomes Measured: The study consisted of two questionnaires and a medical
examination (Figure 2). 1Initially a self-administered "NLOSH" questionnaire
was mailed to all sampled subjects. Questions enquired about the lifetime
prevalence of seven knee conditions, listed in Appendix A. The
questionnaire also enquired about non- occupational knee injury, personal
characteristics (age, weight, and height), and work practices (retirement
status, usual occupation, use of the "knee kicker™, use of the power carpet

stretcher, and percent of time spent kneeling, standing, squatting, etc,
while at work).

A second interview was subsequently administered by telephone to all
respondents to the initial questionnaire. Trained interviewers asked
standardized questions about seven symptoms of knee disease from the
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arthritis supplement of the Nalional Health and Nulrition Examination
(NHANES) Sucvey (Maurer, 1979). The questions are listed in Appendix B.
Their purpose was Lo provide standardized information about symptom
prevalence that could be compared to the U.S. population.

Medical examinations: VPhysical and X ray examinatlons of the knee were
offered Lo all persons who completed the self administered and telephone
questionnaires who resided in Indiana, Kentucky or Qhio. The medical
examination data were nol inlended to be representalive of the entire study
group; rather, they were obtained to wvalidate the questionnaire responses.
Knee examinations were conducted by eipght physicisn faculty members of the
University of Cincinnati, Department of Twmunclogy/Rheumatology.
Parlicipants were randomly assigned to one of these eight physicians who
were unaware of the subject's occupation or past medical history. The
examiners assessed pait, lower leg alignment, tibial torsion, kanee skin
changes, patellar bursitis, knee joint wobility, crepitation, tenderness,
swelling, pain, ligament stability, meniscus, and measurements for gicrth and
range of motion of knee joint. The criteria used to define a bursitis and
arthritis from the physical examination findings are presented in Appendix C.

Knee X-rays included antero posterior, lateral, tunnel and axial views. Two
radiologists separately reviewed the films for a variety of outcomes; 1)
osseous spurs, erosions, cysts or sclerosis of either the distal fenur or
the proximal tibia; 2) narrowing of the knee joint space; 3) patellar spurs;
4) approximation of the patella to the femur; 5) loose bodies; 6) osteo-
chondromatosis; 7) chondrocaleinosis; 8) soft tissue calecification;

9) suprapatellar effusion. Because of the low participation in the physical
and X- ray examinations, only those data used to validate the questionnaire
responses will be presented here.

Data Transformation: 7Two different classification schemes were used to
reflect exposure status in the analysis. The crudest measure was Lhe
trichotomy of "activity catepories™ seen in Figure 1. As discussed, these
activity categories provided a qualitative measure of whether Lthe usual job
involved both kneeling and use of the "knee kicker", kneeling alone, or
neither. A more quantitative, although still subjective, measure of
exposure was the score with which each worker described the frequency of
standing, sitting, squatting, bending, kneeling, heavy 1ifting, use of a
knee kicker or of a power carpet strelcher. Workervs rated each activity on
a scale of from one (never) to six (always). 7To simplify these scores, we
subsequently reduced the categories to three: 1-2 (seldom), 3 4
(intermediate), and 5 6 {(frequent). We also used faclor analysis to combine
pairs of related working postures into groups. The resultant three pairs of
working postures were bending/lifting (Factor 1), kneeling/standing (Factor
2), and sitting/squatting (Factor 3). Kneeling and standing were inversely
related to each other, whereas the cther two posiure pairs were related
directly.
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Data Analysis— Inttial analyses characterized the demographics of the three
occupational "activicy” groups, and comparad the prevalence of the various
knea conditions and symptoms between Zroups. Comparisons between groups
wera rastricted ko males (N=397) with no history of non-occupational knee
injury. The age-adjusted prevalence of each of the seven knee conditions in
each of the three occupational activity groups was computed, using the age
distribution of the entire study group as the standard population.
Prevalance in aillwrights and bricklayers (MWBL) was used as the denominator
in computing the prevalence ratio for "reported knee conditions” (Table 4).
Prevalence in the NHANES sample of U.S. males was used as the referent value
in computing pravalence ratios for the NHANES questions, The aze
distribution of the NHANES weighted saumple of males was used as the standard
population for direct standardization. Ninty-percent confidence intervals
were computed around the directly standardized prevalence ratios to
determine whether these were statistically significantly above 1.0,

Multivariate analyses Stepwise logistic regrassion was used to identify
those personal and occupational characteristics that best predicted any of
the seven reported knee conditions. Variables counsidered in the model
included age, usual occupation, length of employment, the self-reported
score for use of the knee kicker, postural factors 1-3, and all two-way
interactions. Main effect variables and interaction terms were retained 1if

the p value was less than .05. Only the final, most parsimonious models for
bursitis and for knee taps are reported here.

Jse of the Physical and X-ray Examinations to Validate The Questionnaire
Data- Physical examination and radiologic findings were used to validate
the questionnaire responses. We anticipated that only certain knee
conditions such as arthritis, historyv of knee surgery, or fractured patella
would be documentable on the medical examination. FEven though we expected
that workers who had experienced soft tissue injury such as bursitis might
have recovered, we also included bursitis in the wvalidation study. Analyses

to validate the questionnaire responses have to date disregarded information
about left- and right- handedness.

Validation Using Physician's Records— We also attempted to contact the
physicians of workers reporting specific knee conditions in order to
validate the diagnoses.

V1. RESULTS

The number of workers participating in the questionnaire and medical phases
of the study is presented in Table 2, categorized by unlon membershin.
Participation could only be assessed by union membershin, rathevr than "usual
occupation”, since the latter was determinad only on participants in the
quest ionnaira study. Nearly identical proportions of workers sampled from
the three unions participated in the questionnaire phase of the study
(76=78%). o0Onlv 197 of workers sampled particinated in the medical
axamination.
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Table 3 presents salected Jdeamographic characteristics of participants in the
guestionnaire survey., In this and subsequent tables the stuldy subjects are
2iassified hy "usual oceupation” instead of by union membership. Slizht
differencas in age anl 2mployment siatus are evident between the three
groups. Floorlayers ware on average younger anl lass likely to be retired
than either of the other two zvoups. The tile- tevrazo— and marblesetters
(N=42) were slizhtly older and had been employed the longest. The
millwrights and bricklayers (MWBL) included the largest proportion of
satived Vorkars.

Table 4 summarizes some of the job practices of the three occupational
zroups. As seen, only floorlayers used a "knee kicker” [requently. Ovar
80% of workers ia all three groups stated that their work involved some
knezling, but Sloarlayasrs and tilesettars reportad substantially higher
kneeling scores than did the MWBL. Among workers who kneeled to perform
their job, tilesetters were far more likely to use knee pads (97% v.s. 51%)

Table 5 shows the prevalence of reported knee coanditions among floorlayers
and tilesetters, compared to MWBL. Floorlayers reported a more frequent
history of "knee tap” (needle aspiration of the knee), bursitis, skin
infections of the knee, and "other knee digease” than did the millwrights
and bricklayers. "Other knee conditions" included miscellaneous conditions
such as ruptured cartilage, strained ligament, or puncture wounds due to
kneeling on sharp objects. Nearly half (47%) of the floorlayers reported
havingz had at least one episonde of either knee aspiration or bursitis,
versis only 11% of MWBL. ¥or knee taps, arthritis, and knee surgery, the
small zroup of tile~ terrazo- and marble-setters reported prevalencas that
were equal to or graater than those of the resilient floorlayers. Arthritis
was the single condition which tilesetters reported statistically morve
frequently than 4id MWBL, but floorlayers 4id not.

A similar pattern was evident when comparing the age-adjusted prevalence of
the seven WHANES symptoms among these workers with that of the NHANES
sample, Table 6 shows the age-adjusted prevalence of these symptoms in each
nccunational group. Here each occupational group is compared to males of
comparable age in the NHANES sample of the U.S. population rather than to
the MWBL. Relative to U.S. males, floorlayers reported 3-8 times the
age-adjusted prevalence of knee pain, swelling, tenderness to touch, and
locking of the knee joint. Symptom reporting was highest among the
floorlayers, but was also signifiecantly higher than that of U.S5. males among
tilesetters and even among the hricklayers anl millwrights. The millwrights
and bricklayars reported a 2-6 fold higher prevalence of all symptoms than
did males in the NHANES sample.

Jse of the Physical anl X-vay Examinations to Validate The Questionnaire
Data— Low participation in the physical and X-ray examinations precluded
comparisons of medical findings between the occupational groups. Howaver,
the physical and X-ray darta did provide some validation of the questionnaire
reports. Table 7 shows the correspondance between a questionnairs raport of
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bursitis or arthritis and the physical or X-ray findings. Tn thesa analyses
the questionnaire report is considered the screening test; physical or
radiologic signs of disease arz accepted as the confirmatory "gold
standard”. Disregarding the problem that the questionnaire refers ton
lifetime pravalence (ever having had bursitis or arthritis), whereas the
medical tests refer to current disease, the physical and x-ray findings
provide some support for the questionnaire responses. ¥or both bursitis and
arthritis, the questionnaire response shows low (38-44%) sensitivity but
moderate (82-89%) specificity. A negative gquestionnmaire response is likely
to be "falsely negative"”, but a positive questionnairs rvesponse is likely to
represant a "true positive".

For arthritis, the radioclogists classified many more subjects as having
joint changes consistent with "arthcitis” than did the questionnaire or the
physical examination. The radiologist identified 32 subjects with some
degree of osteoarthritis, compared with the physical examination finding of
12, and the questionnaire report of 22. Although more subjects may have
reported symptoms of arthritis on questionnaire, only 22 reported a
diagnosis of arthritis. Such a questionnaire report detects only 44% of
persons with radiologic changes consistent with osteoarthritis, and the
physical examination detects even fewer, only 19%.

On physical examination, bursitis was observed more often over the
infrapatellar than the prepatellar bursa. The criteria used to define
bursitis on physical examination included detectable swelling and/or
tenderness to palpation. Such findings involved the infrapatellar bursa in
627 of cases, and the prepatellar bursa in 38%. This finding contrasts with
the reported preponderance of prepatellar bursitis in "Housemaid's knee".

Validation Using Physician's Records— The attempt to contact physicians to
document past episodes of knee disease met with limited success. For
example, of 35 floorlayers reporting "knee tap”, we were able to contact the
physicians of only 16. TIn many cases the physician was deceased or retired
or the record could not be found. OFf the 16 physicians contacted, records
ware obtained from 12, all of which confirmed that the patient had undergone
needle aspiration of the knee. TIn seven responses the physician specified
that the prepatellar bursa had been aspirated. These limited data suggest
that some unquantified fraction of the cases of "knees taps” among the
floorlayers represent effusions of the bursa rather than of the joiat space.

Multivariate Analyses- Tabdles 8 and 9 show the results of stepwise logistic
regrassion analyses to identify those demographic and occupational
characteristics that best predicted a history of bursitis and of
taps”. Table 8 shows tha optimal model for bursitis. Only the
self-reported score for use of the "knee kicker” wasg statistically
siznificant as a predictor of bursitis. No other main effects and no
interaction terms were statistically significant, and so none arca retained
in the model. ZEven though use of the knee kicker was statistically
significant, it explained only a small fraction of thz wvariance (6%).

"knea
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. The two
important maia effect terws were {otal yvears of smployment ant thne factor
reprasenting standing-kneeling. The negative relationship between the
knaeling-stanling factor andl "knee taps” indicates that the probability of
wnee taps decr2ases with standing and increases with kneeling.

Tanla ¢ shows the covresponding logistic model for "knee taps”

The statistically sipgnificant interaction term between age and the
&ng_Tin’"Sfln11ﬂ0 factor reflects a marked difference in the effect of age
hatwean workers who kneel Frequently and thosa who kneel rarely. The
probability of knee taps actually Jdecveased with age among wWorkers reportinag
frequent knez2ling 7a negative standing-knealing score), whereas it increased
with agze among persons reporting rare knesling {a high standing-kneeling
score)., 3uch a pattera 15 cousistent with a survivorship phenomenon,
workers with knee dlsease tending to self-select out of jobs that require
extensive kneeling.

V11l. DISCUSSION

Zarpet- anl floorlayers report substantially more knee morbidity than either
the general Y.5. white male population or a blue-collar working population
of comparable age, sex, and race. TIn particular, floorlayers describe more
frequent bursitis, needle aspiration of knee fluid, skin infections of the
konee, and miscellaneous "other knee conditions™. Frequent reporting of knee
problems by carpetlayers has been noted in a previous survey of
musculoskelatal complaints among carpetlayers ia Sweden, anl is evident in
the disproportionate number of disability claims for knee injury observed
among J.S. carpet— and floorlayers.{¥kstrom, Tanaka)

The study provides some, although limited, information about the clinical
features of "carpetlayers knee". Although we could not define the precise
nature and magnitude of the knee disease, we did determine that effusions
are an important component. Approximately one third of floorlayers reported
needle asgpiration of the knee at some point in their career. It is unclear
whether such effusions involve predominantly the bursae or the joiat space.
Our limited fsllow-back to the medical records of workers reporting "knee
tap" found that the effusion involved the prepatellar bursa whenever a
specific diagnosis was mentioned.

A second interesting finding is that the bursicis identified by the
rheumatologists in our medical study involved the infrapatellar bursa ia

sarly two-thirls of cases. The criteria used for infrapatellar bursitis
were tenderness and/or swelling in the infrapatellar area. We could aot
agsass how or whether the "knee tap"” reported on questionnaire ralates to
this infrapatellar bursitis observed on physical examination. Pre- rather
than infrapatellar bursitis is reported to be the characteristiec featur=
anmong other workers who kneel, namely in "Housemaid's knee"
o5f coal miners, and the barsitis of clergymen anl nans.

, the beat knee
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It remains unclear whether "carpetlayer's knee” is also associated with mora
sarious types of knee disease, such as osteoarthritis, or injury to
cartilage and lizaments. That the carpetlayars did not report 1 more
frequent history of "arthritis"”, and reported less fregquent knee surgery
than the other trades is not reassuring. Workers with disabling knee
disease woull be likely to leave the trade and be lost from a
crogs-sectional study such as ours. There are three lines of indirect
evidence that floorlayvers with serious knee morbidity may indeed leave the
trade. First, symptoms of knee dissase increase with age in the general
population, but decrease wikth agze among floorlayers, suggesting that
symptomatic floorlayers change their occupation. Second, there is a
100-fold increase in compznsation claims among floorlayers over other
trades, but only a 3-6 fold increase in symptom prevalence in our study.
This difference may be explained by migration out of floorlaying because of
digability. Third, and €inally, there is anecdotal rsporting by floorlayers
that colleagues with sarious knee problems leave to find other work.
Although we attempted to deal with this problem of selective retirement hy
including former workers, we ware only able to locate retired workers who
continued to pay union dues. The motivation to pay such dues is directly
related to seniority; for example, only one of the retired floorlayers in
our study had stopped work prematurely with less than 20 yedrs seniority.
Thus, the retired study participants are a "survivor" population and may not

include workers of shorter tenure who left prematurely due to knee
disability,

We were partly successful in identifying the occupational determinants of
"carpetlayer's knee". Multivariate statistical analyses of the
questionnaire data showed that a worker's self-reported scorz for using a
"knee kicker", an instrument used only by the carpetlayers, was the single
important determinant of bursitis. Kneeling, and it's interaction with age,
were more important for "knee tap”. Although iateresting, this distinction
is ditficult to interpret biologically. We cannot determine whether "knee

taps” represent aspiration of bursae in cases of severe bursitis, or
aspiration of the joint space.

The prevalence of many reported knee problems was as high or higher among
the small zroup of tile-terrazo— and marhleworkers than among the
carpetlayers. Despite the small study population, tilesetters reported
conditions such as "arthritis” significantly more freaquently than did the
MWBL. The tilesetters, or "non-resilieant” floorlayers, spend their worklays
kneeling on hard, unyielding surfaces. Although they do not use the "kne:
kicker”, these workers undoubtably experience osccupational knee trauma.

In addition, our comparison population of MWBL also kneel to perform their
work (Table 4) and almost certainly incur some neccupational knee trauma.
Symptoms of knee disease were 2-6 fold more common among the millyrights and
bricklayers participating in our study than in the NHANES suvvey (Table 6).
Other evidence that the millwrights and bricklayers may themselves incur
occupational knes injury comes from workers' compensarion claims (Table 1).
In 1379, bricklaysrs submitted nearly 6-fold, and millwrights nearly 3-fnld
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the proportion of workers' compensation claimg for knee injury expected from
their nuabers. Because knee trauma occuri In a nuaber of coastruction
trades, it is difficult to find an "unexposed” yet comparable comparison
zroup.

The implications of "carpetlayer's knee" are clearly most immediate For the
estimated 883,000 carpet and f£loorlavers (SIC 175) for whom it carries both
medical and economic consequences.(JSDL, Bureau Labor Statistics) The
nunber of these workers ls substantial, although small in relation to the
zeneral population. 0Of potentially larger public health consequence ars the
incompletely understood effects of chronic kneeling in a variety of trades.

In summary, a cross-sectional questionnaire study of knee symptoms among
three groups of current and retired construction workers revealed that
carpet and floorlayers report an increased frequency of bursitis, needle
aspiration of knee fluid, skin infections of the knee, and a variety of knee
symptoms compared to millwrights and bricklayers. Tile-terazzo-anl marble
setters report similar problems. Medical examinations on a subset of
subjects served to validate the questionnaire data. Further research is
needed 1) to characterize the nature and extent of knee disease in workers
who incur chronic knee trauma, 2) to develop an effective, ergonomically
suitahle substitute for the "knee kicker” for stretching carpet.

V11lL. RECOMMENDATIONS

1. Wherever possible, workers should reduce knee trauma by wearing knee

npals and using the hand-operated "power stretcher”, rather than the
“"knee kicker".

2. Further research is needed to develop a carpet stretching device that

will be mobile and efficient and yet will reduce ergonomic trauma to
the knee.
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It remains unclear whether "carpetlayer's knee” is also associated with more
sarious types of knee diseass, such as osteoarthritis, or injury to
cartilage and lizaments. That the carpetlayers did not report a more
frequent history of "arthritis”, and reported less freguent knee surgery
than the other trades is not reassuring. Workers with disabling knee
disease woull be likely to leave the trade and be lost from a
crass—sectional study such as ours. There are three lines of indirect
evidence that floorlayers with serious knee morbhidity may indeed leave the
trade., First, symptoms of knee dissase increase with age in the general
population, but decrease with age among floorlayers, suggesting that
syaptomatic floorlayers change their occupation., Second, there is a
100-fold increasa in coupsnsation claims among floorlayers over other
trades, but only a 3-6 fold increase in symptom prevalence in our study.
This difference may be explained by migration out of floorlaying because of
disability. Third, and finally, there is anecdotal raporting by floorlayers
that colleagues with serious knee problems leave to find other work.
Although we attempted to deal with this problem of selective retirement by
including former workers, we were only able to locate retired workesrs who
contianued to pay union dues. The motivation to pay such dues is directly
related to senlority; for example, only one of the retired floorlayers in
our study had stopped work prematurely with less than 20 years seniority.
Thus, the retired study participants ave a "survivor" population and may not

include workers of shorter tenura who left prematurely due to knee
disability.

We were partly successful in identifying the occupational determinants of
"carpetlayer's knee". Multivariate statistical analyses of the
questionnaire data showed that a worker's self-reported scora for using a
"knee kicker", an instrument used only by the carpetlayers, was the sinzle
important determinant of bursitis. Kneeling, and it's interaction with age,
were mora important for "knee tap”. Although interesting, this distinction
is difficult to interpret biologically. We cannot determine whether "knee

taps"” represent asgpiration of bursae in cases of severe bursitis, or
aspiration of the joint space.

The prevalence of many reported knee problems was as high or higher amongz
the small group of tile-terrazo— and marbleworkers than among the
carpetlayers. Despite the small study population, tilesetters reported
conditions such as "arthritis™ significantly more frequently than did the
MWBL. The tilesetters, or "non-resilient" floorlayers, spend their worklays
kneeling on hard, unyielding surfaces. Although they do not use the "kne:
kicker", thesae workers undoubtably experience occupational %nes trauma,

Tn addition, our comparison population of MWBL also kaeal to perform their
worie {Table 4) and almost certainly incur some occupational knee trauma.
Symptoms of knee disease were 2-6 fold nore common among the millwrights and
bricklayers participating in our study than in the NHANES survey (Table 6).
Other evidence that the millwrights and brisklayers may themselvas incur
occupational %neas injury comzs from workers' compensation claims (Table 1).
In 1379, bricklayars submitted nearly 6~fold, and millwrights nearly 3-fnld
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the proportion of workers' compensation claims for knee iajury expected from
their numbers. Because knee Lrauma occurs in a nunber of coastruction
rrades, it is difficult to find an "unexposed” yet comparable comparison
ZTroup.

The implications of "carpetlayer's knee" ara clearly most immediate for the
estimated 883,000 carpet and floorlavers (SIC 175) for whom it carries both
medical and economic consequences.(JSDL, Bureau Labor Statistics) The
numbar of these workers Ls substantial, although small in relation to the
zeneral population. Of potentially larger public health consequence ars the
incompletely understood effects of chronic kneeling in a variety of trades,

[n summary, a cross-sectional questionnaire study of knee symptoms among
three groups of curvent and retired construction workers revealed that
carpet and floorlayers report an increased frequency of bursitis, needle
aspiration of knee fluid, skin infections of the knee, and a variety of knee
symptoms compared to millwrights and bricklayers. Tile—-terazzo—anl marble
setters report similar problems. Medical examinations on a subset of
subjects served to validate the questionnaire data. Further research is
needed 1) to characterize the nature and extent of knee disease in workers
who incur chronic knee trauma, 2) to develop an effective, ergonomically
suitable substitute for the "knee kicker" for stretching carpet.

VL1LL., RECOMMENDATIONS

1. Wherever possihle, workers should reduce knee trauma by wearing knee

pads and using the hand-oparated "power stretcher”, rather than the
"knee kicker”.

2. Further vesearch is needed to develop a carpet stretching device that

will be mobile and efficient and yet will reduce ergonomie trauma to
the knee.
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FIGURE 1

Categorization of Workers According to Union Membarship

Occupation, and "Activity" Categary

Tsual Activity
Uaion Membarship Occupation Category
Resilient Floorlayerg=—-—=w-- Floorlayers & Category 1
and Decorators-——— Carpetlayers (Kneel and use knee kicker)
Brigklayers ~=——sse—s Tilesetters, Category 1I
Terrazo,Mosalc--~-----——— Terrazzo, (Kneel but do not use knee
and Tilelayers Stonelavers kKicker)
Millwrights and-~-===-==~-—= All Millwsrights, Category LIT
Machinery Brectors -—- Bricklayvers, {Neither kneel novr use

————— Dacorators knee kicker)
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Table 1
Workers' Compensation Claims in 1979 for Knee Joint Inflammation

Attributed to Kneeling, Leaning, Repetition of Pressure, or
Striking against a Stationary Object.*

Occupalional

No. of Per Cent Percent of Knee Morbidity
Occupation Claims of Claims Work Force = RatioX*
Carpet installers 46 6.199 0.0575 107.81
Tile setters 16 2.156 0.0410 52.59
Floor layers 10 1.348 0.0291 46.32
Dry-wall installers 10 1.348 0.0605 22.28
and lathers
Cement and concrete 10 1.348 0.0814 16.56
finishers
Brick or stonemasons 9 1213 0.2026 5.99
Millwrights 3 0.404 0.1497 2.70

*From the Supplementary Data System of the Bureau of Labor Statisties,
1979. Modified from Tanaka et. al.. TWList includes the five
occupations with the highest proportionate increase, plus
brickmasons and millwrights, the comparison population in this study.

*% Percent of claims/percent of workforce



Figura 2

Outcomes Measured In Knee Study

Inst rument Outcome “easurad

1) NIODSH Questionnaire

Lifetime Preavalence Of
(Mailed, self-administered)

Seven knee conditions
(Bursitis, arthritis,
knee taps, infections,
fractured patella
surgery, other)

2) NHANES Questionnaire

Prevalence of seven
(Telephone, Trained Interviewers)

Standardized knee symptoms

3) Physical and X-ray examinations Quantitative assessment of

approximately sixty
parametars on salf-
selected subset of
subjects
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Table 2

Participation In ¥nee Disease Study

Participation

Sampled
Membership For Study Questionnaires Medical
Union (#) (#) (#H (%) (#) (%)
Resilient Floorlayers 170 170 132 (78%) 47 (28%)
and Decorators
Bricklayers, 440 190 146 (77%) 40 (21%)
Terrazo, Mosaic
and Tilelayers
Millwrights And 420 202 154 (76%) 21 (10%)

Machinery Erectors

Totals 562 432 (77%) 108 (19%)
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TABLE 3

Demographic Characteristics of Workers Participating In
The Questionnaire Survey, Grouped By Usual Occupation

Millwrights,

Carpet- and Tile- Terrazo- Bricklayers
Floorlayers Marblesetters & Decorators
(Floorlayers) (Tilesettears) (MUBL)
Participants 112 42 243
Age
Mean 50.7 57.8 53.9
5D 15.1 15.8 16.0
Range 23-79 24-86 19-87
Retired 317 36% 38%
Yaars Employed
Mean 25.0 31.2 24.3
5.0, 12.1 14.1 12.8
Range 1.5-47.6 5.3-61 1.2-61
Height {Inches)
Mean 70.0 70.0 70.0
5.D. 2.7 3.3 2.6
Range 64.0-81.0 63.0-81.0 64.0~-77.0
Weight (Kzs)
Mean 80.1 80.7 81.3
S.D 12.7 11.1 13.4

Range 47.6-113.4 59.0~-115,7 45.4-117.9
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Table 4

Selected Job Characteristics of Participants in the
Questionnaire Survey, By Usual Occupation

Millwrights
Carpet and Tile- Terrazo- Bricklayers,
Floorlayvers Marblesetters & Decorators
{Floorlayers) {(Tilesetters) (MUBL)
Participants 112 42 243
Knee Kicker Score*
Mean 3.9 1.0 A
S.0. 1.8 0.0 0.6
Range 1-5 1-1 1-6
Kneeling Score*
Mean Da:D 4.9 2.9
5.D 6 5 3
Range 1-6 1-6 1-56
Any Kneeling # (%) 111 (99%) 41 (97%) 201 (83%)
Regularly Use Knee Pads** 57 (51%) 34 (97%) 31 (15%)
Percent of Time Using
Knee Pads** (Mean) 43,47 83.47% 29.9%

* Self-assigned qualitative score from 1 (never) to 6 (always).

*%  Analvses restricted to workers who kneel at work.
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AGE-ADJUSTED PREVALENCE AND PREVALENCE RATIO
OF REPORTED KNEE CONDITIONS IN FLOORLAYERS AND TLLESETTERS
RELATIVE TO MILLWRIGHTS AND BRICKLAYERS (MW3L)

KNEE PREVALENCE L PREVALENCEz 90"3.’:'3
CONDITION OCCUPATION (%) RATIO [ e
KNKE "TAPS" Floosrlayers 31.5 3.0 3.2-7.8
Tilesetters 31.0 4.9 2.7-8.7
MWBL 6.3 1.0 N.A.
BURSITIS Floorlayers 20.0 3.2 1.9-5.4
Tilesetters 11.2 1.8 0,.8-3.9
MWBL 6.2 1.0 M.A.
ARTHRITILS Floorlayers 14.3 Lad 0.7-1.8
Tilesetters 255 2.0 1.2-3.3
MWBL 12.9 1.0 N.A.

SKIN INFECTIONS Floorlayers 7.0 L | 1..5~1.0.8
OF KNEE Tilesetters 2.6 j ) 0,3-8.2
MWBL 1.7 1.0 N.A.
FRACTURED Tloorlayers 0 = R
PATELLA Tilesetters 0 - -
MUBL 37 1.0 N.A,
KNEE Floorlayers 2.4 0.4 0.1-1+1
SURGERY Tilesetters 7.6 1.3 0.5-3.4
MWBL 6.1 1.0 N.A.
OTHER KNEE Floarlayers 19.1 2.0 T B=31
CONDITIONS Tilesetters 15.2 127 0.9-~3.3
MWBL 9.5 1.0 NL.A,

1) Age adjusted prevalence directly standardized using males in the NHANES
sample as the standard population.

1) Ratio of age adjusted prevalence in the exposed rzlative to millwrights
and bricklayers.

3) 99% confidence intervals for the directly standardized prevalence ratio
using method from Klainbaum and Kupper.
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SYMPTOML

KNEE PAIN
FOR AT LEAST
ONFE, MONTH

PAIN AT
REST

SWELLING OF
KNEE JOINT

LOCKING OF
THE KNEE

KNEE
"GIVES AWAY"

SWELLING AND
TENDERNESS ON
TOUCHING

MORNING
STIFFNESS

]
i
[

TABLE 6

PREVALENCE OF SEVEN NHANES KNE&E SYMPTOMS'

OCCUPATTON

Floorlayers
Tilesetters
MWBL

Floorlayers

Tilesetters
MWBL

Floorlayers
Tilesetters
MWBL

Floorlayers
Tilesetters
MWBL

Flonrlayers
Tilesetters
MWBL

Floorlayers
Tilesettars
MWBL

Flonrlayers
Tilesetters
MUWRL

PREVALENCE 2
(%)

33.4
34.1
23:1

IN THE THREE OCCUPATTONAL GROUPS INTERVIEWED
AND PREVALENCE RATIOS RELATIVE TO 1.5,

PREVALENCE

RATIO

o W
. ®
o

[T A R
L.
— WO

Wl B
o O W

o~
. - =
S O

s

w N
hs 0 O

»

£ W 0
e W
0o O

Wi D
~

WHITE MALES, AGES 25-74

1) The svmptoms wWere those used ia the NHANES standardized supplemental
questionnaire on arthritis,

2) Prevalence has heen aze—adjusted

nsing diract standardization, with the

agze distribution of the NHANES sample as the standard popnlation.

1) 95% confidence intervals for the directly standardized pravalence ratio
using method from Xleinbaum and Kuppar.
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Table 7

Correspondence Between The Questionnaive Report
and Summary Impression of Bursitis anl Arthreitis 9n Physical or X-Ray

BURSLTIS
Physical Uxamination: Summary Iwmpression

Bursitis Bursitis Total
Questionnaire Responsa + -
Bursitcis + 8 14 22  Seasitivity=38%
Bursitis - 13 73 86  Specificity=84%Z
Total 21 87 108

ARTHRITIS
Physical Fxamination: Summary Impression
Arthritis Arthritis Total
Questionnaire Response + -
Arthritis + 5 17 22 Sensitivity=42%
Arthritis - 7 79 85 Specificity=82%
Total 12 96 108

X-vay Examination: Summary Lmpression

Arthritis Arthritis Total
_’_ -
Questionnaire Response
Arthritis + 14 8 22 Sensitivity=43.8
Arthritis — 18 67 85 Specificity=89.3

32 75 107
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TABLE 8
LOGISTIC REGRESSION MODEL FOR HISTORY OF BURSLITIS

VARIABLE BETA P VALUE R2

INTERCEPT - 2.86 =

KNEE KICKER 0.33 .0000 0,057




LOGISTIC REGRESSTION MODEL FOR

TABLE 3

COE¥FITCTENT

HISTORY OF "KNEE TAPS"

JARTABLE (BETA) P VALUR R2
TNTERCEPT -3.43 0.0000 “
TOTAL YEARS EMPLOYED 0.046 2.03 .009
FACTOR 2% -0.022 0.0004 .032
AGE 0.0002 0.99 .000
AGE X FACTOR 2% 0.0002 0.03 .008

* FACTOR 2 IS [E STANDING-KNEELING FACTOR
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Appendix A

Questions Concerning Past ¥nee Conditions, NIOSH Questionnaire

1) Have you ever had your knee tapped for an accumulation of fluid or bhlood in
the knee joint?

2) Have you ever had bursitis (inflammation of a joint sac) of the knee?

3) Have vou ever had arthritis of the knee?

4) Have you ever had a skin infection in the knee joint area?

5) Have you ever had a broken knee cap?

6) Any other illness or injury to the knee joint?

7) Have you ever had any operation (surgery) of the knee joint?

* For each positive response, the subject was asked in what year the condition

first occurred, last occurred, in which leg it occurred, and the name of the
phvsician treating the probleam.
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Appenlit B
The questiouns adopted from the National Health and Nutrition Survev included:

L) Have you had pain in or around the knee on most days for at least one
month?

2) When this knee pain is present, does it hurt at rest as wall as moving?
3) When this knee pain is present, is there also swelling of the knee joint?
4) When this pain is present, have you ever had "locking” of the knee?

5) Has either knee "z2iven away” under you?

) tlave you ever had any swelling of joiats with pain present when the

joint was touched on most days for at least one month? (This is a two-step
question. The second part asks which joint is affected.)

7) Have you had stiffness in your joints and muscles when getting out of

had in the morning on most mornings for at least one month? (This is a
two—step question. The second part asks which joint is affected.))
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APPENDIX C©

CRITERIA FOR BURSTTIS AND ARTHRITIS BASED UPON PHYSICAL EXAMINATIONS

BURSITIS

ARTHRITLS

ARTHRITIS

either the pre- or ianfra-patellar bursal area. 1o radiologic
correlate,

Presence of any two of the followiag sizns on physical
examination: tenderness to palpation, pain on motion, swalling
by positive bulge sizn or positive synovial swelling, range of
motion restricted to less than 130 dezreas,

CRITERIA FOR ARTHRITIS BASED UPON X-RAY EXAMINATIONS

L) Narrowing of the knee joint space {defined as mild narrowing
of both the medial and lateral aspect of the knee joint space
nr moderate or severe narrowing of either).

2) The presence of esrosions, cysts, or sclerosis (defined as
mild evidence of two or more findings or modarate evidence of a
single finding).
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