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Abstract
Background - Dental technician's pneu-
moconiosis is a dust-induced fibrotic lung
disease of fairly recent origin. This study
was carried out to estimate its occurrence
in Sweden.
Methods - Thirty seven dental technicians
in central and south eastern Sweden with
at least five years ofexposure to dust from
cobalt chromium molybdenum (CoCrMo)
alloys, identified by postal survey, agreed
to undergo chest radiography and as-

sessment oflung function and exposure to
inorganic dust.
Results - Six subjects (16%; 95% con-

fidence interval 6% to 23%) showed radio-
logical evidence of dental technician's
pneumoconiosis. The lung function of the
study group was reduced compared with
historical reference material. With local
exhaust ventilation dust levels were gen-
erally low, whereas in dental laboratories
without such equipment high levels of
dust, particularly cobalt, were found.
Conclusions - Pneumoconiosis may result
from exposure to inorganic dust in the
manufacturing of CoCrMo-based dental
constructions. It is possible to reduce this
hazard substantially by local exhaust vent-
ilation.
(Thorax 1995;50:769-772)
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Sporadic cases of silicosis among dental tech-
nicians have been reported since 1939.'6 More
recently a new type of dust-induced fibrotic
lung disease called dental technician's
pneumoconiosis has been found among pro-
fessionals involved in the making of metal
framed removable partial dentures, usually
based on various cobalt chromium molyb-
denum (CoCrMo) alloys.7-"1 However, aetio-
logical agents have been difficult to identify
since the dust exposure in dental laboratories
is quite complex."2"4
High levels of cobalt in dust samples from

the breathing zone of dental technicians work-
ing with CoCrMo alloys were found in a pre-

vious study and urine from exposed subjects
was found to contain increased levels of co-

balt.'5 Later an index case ofdental technician's
pneumoconiosis appeared in Sweden which
stimulated the present cross sectional study
aimed at investigating its occurrence in Swe-
den.

Methods
MEDICAL SURVEY
A questionnaire asking for the names of dental
technicians who had worked with CoCrMo
alloys for at least five years was mailed to all
172 dental laboratories in a defined region of
central and south eastern Sweden. The catch-
ment area has approximately two million in-
habitants comprising almost 25% of the
national population.

Identified subjects received standardised and
self-administered questionnaires16 surveying
their present and previous health, respiratory
symptoms, and smoking habits. Also enclosed
was an ad hoc one page questionnaire regarding
exposure to occupational dust. At a subsequent
workplace visit by an environmental nurse the
questionnaires were checked and completed, if
necessary.
Lung function tests were carried out at the

dental laboratories with a transportable spir-
ometer (Compact, Vitalograph, Buckingham,
UK). The instrument was calibrated at each
location. The best of at least two manoeuvres
for the vital capacity (VC) and the forced ex-
piratory volume in one second (FEVy), re-
spectively, were recorded at body temperature
and pressure saturated with water vapour. Pre-
dicted lung function values were calculated
from Swedish reference material"7 taking sex,
age, and height into account.
A routine chest radiograph was performed

at the nearest department of radiology, from
which a radiograph from an age (± five years)
and sex matched reference subject was also
requested. The radiographs were coded and
read independently by two senior physicians
(one radiologist, one lung specialist) and the
findings were classified according to the Inter-
national Labour Office (ILO) systemn for
radiological diagnosis of pneumoconioses. 8
One eligible study subject refused to participate
in the radiological examination and for another
subject the radiograph (normal at primary read-
ing) could not be retrieved; thus, radiographs
from 35 exposed and 21 reference subjects
were available for analysis.
The survey was approved by the medical

research ethics committees of the two major
hospitals involved.

ASSESSMENT OF EXPOSURE
Data sheets were obtained from producers or
local suppliers of potentially dust emitting
materials involved in the current manufacturing
process. Dust measurements were carried out
for those dental technicians who had a mini-
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Table 1 Study group characteristics (n= 37)

Variable Mean Range

Age (years) 43 0 24-64
Years in mechanical dentistry 26-0 5-46
Hours/week 43-8 20-73

Years of work with CoCrMo 18-5 5-36
Hours/week 21-6 0 5-40

mum weekly working time with CoCrMo alloys
of 20 hours. In eight laboratories (out of 24) a
total of 10 subjects met this criterion. Full shift
air samples were collected and the dust levels
were compared with the Swedish occupational
exposure limit values for a full working day in
effect at the time.'9

Total dust was analysed gravimetrically while
crystalline quartz, cristobalite, tridymite, and
silicon carbide were determined by x ray
diffraction. Cobalt, chromium, molybdenum,
and aluminium were analysed with x ray fluor-
escence.

STATISTICAL ANALYSIS
Spirometric findings were analysed by the Stu-
dent's t test for paired differences (observed
minus expected values) and 95% confidence
intervals (95% CI) for the mean difference. To
examine simultaneously the impact ofexposure
and smoking multiple regression analyses were
performed. The differences between observed
and expected values were regressed on exposure
(three classes from lowest to highest) and smok-
ing (three classes). For the radiographs the
level ofinterobserver agreement beyond chance
was calculated as Cohen's kappa.20

Results
MEDICAL SURVEY
Responses were received from 153 laboratories.
Among the non-responders 11 were considered
to be genuine and in eight cases the ques-

tionnaires were returned because of incorrect
addresses. The response rate to the ques-
tionnaire from the laboratories was therefore
93%, and from 24 laboratories positive re-

sponses were received with names of 44 in-
dividuals who tentatively fulfilled the inclusion
criteria. However, after checking the exposure
history with the appointed technicians and their
employers only 37 subjects (34 men) were
included in the study (table 1).
The lung function of the dental technicians

was significantly lower than expected for both
VC and FEV, with a mean difference of ob-
served to predicted values of approximately
-0 '3 1 (table 2). The reduction in lung function
was more pronounced in smokers than in non-
smokers and ex-smokers.
A dose-response relation between exposure

to CoCrMo dust in hours per week and re-
ductions of both VC and FEV, was found
(table 3). The relation also appeared when self
estimated levels of dust exposure were taken
into account. However, no such dose-response
effects were noticed for total numbers of years
of exposure to CoCrMo dust (data not shown).
Similar findings were obtained when lung fumc-
tion was regressed with dust exposure and
smoking.
There was an excellent overall agreement

between the readers of the chest radiographs
(Cohen's kappa = 0-78; table 4) who both
found a small opacity profusion ofILO category
1 or higher (read as > 1/0) in five exposed
subjects. However, the readers disagreed in
their classification of two exposed subjects,
yielding a total of six radiologically positive
cases. Both readers assessed all radiographs
from the reference subjects as normal. The
lung function of the six cases with radiological
evidence of pneumoconiosis was not sig-
nificantly different from the rest of the study
group.

Table 2 Mean (SD) lung function (in litres) by smoking habits in dental technicians exposed to CoCrMo dust
No. Observed Predicted Mean difference (95% CI) p value

Vital capacity
All 37 4-92 (0 79) 5-26 (0.56) -0-34 (-0 54 to -0-14) <0 01
Smokers 12 4-52 (0.69) 5-01 (0 38) -0-48 (-0-85 to -0-12) <0 05
Ex-smokers 13 5-06 (0.89) 5-36 (0 62) -0 30 (-0 75 to 0-14) >0 05
Non-smokers 12 5-17 (0 68) 5 40 (0 60) -0-23 (-0 53 to 0 07) >0 05

FEV,
All 37 3-67 (0 66) 3-99 (0-54) -0-32 (-047 to -0-17) <0.01
Smokers 12 3 30 (0 58) 3 70 (0 38) -0 40 (-0-67 to -0-12) <0 01
Ex-smokers 13 3-83 (0 80) 4-08 (0 57) -0-26 (-0-60 to 0 09) >0.05
Non-smokers 12 3-87 (0 43) 4-19 (0 54) -0-32 (-0 53 to -0-12) <0 01

FEV, =forced expiratory volume in one second.

Table 3 Lung function by occupational exposure to CoCrMo dust

Exposure No. Ital capacity FEV,

Unadjusted difference (95% CI) Adjusted difference (95% CI) Unadjusted difference (95% CI) Adjusted difference (95% CI)

Hours/week of work with
CoCrMo

K-9 12 -0-08 (-0-42 to 0-26) -0-03 (-0-45 to 0-39) -0-10 (-0-34 to 0-14) -0 09 (-0-38 to 0 19)
10-39 11 -0 40 (-0-76 to -0-04) -0-31 (-0-86 to 0 24) -0-18 (-0-42 to 0-07) -0-17 (-0-54 to 0-21)
40+ 14 -0 50 (-0-82 to -0-18) -0 44 (-0-88 to -0.01) -0-61 (-0-83 to -0-39) -0-61 (-0-91 to -0-31)

Self estimated dust
exposure level
Low 11 -0-21 (-0-56 to 0-15) -0-18 (-0-67 to 0-32) -0-17 (-0 43 to 0-10) -0-23 (-0-60 to 0-14)
Medium 13 -0-17 (-0 49 to 0-16) -0-15 (-0 54 to 0 25) -0-23 (-0-48 to 0-02) -0-27 (-0 57 to 0-03)
High 13 -0-62 (-0 94 to -0 29) -0 57 (-1-09 to -0 05) -0 53 (-0-78 to -0-28) -0 59 (-0-98 to -0 20)

FEV, =forced expiratory volume in one second.
Difference of observed to expected value (litres) analysed by multiple regression analysis, with and without adjustment for smoking.
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Table 4 Interobserver agreement of radiological findings
by ILO category in dental technicians exposed to CoCrMo
dust (n = 35) and controls (n = 21)

ILO category, reader B
ILO category,
reader A 0 1 2 3

0 51 1 0 0
1 1 3 0 0
2 0 0 1 0
3 0 0 0 0
Total 52 4 1 0

aUnweighted Cohen's kappa= 0-78.
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Dust levels in eight dental laboratories in relation
Swedish occupational exposure limit values (OE1
Absolute values given in parentheses.'9

ASSESSMENT OF EXPOSURE
The contents ofsome historical dental l
could not be ascertained, but they were 1
to have been qualitatively equivalent l
identified. The principal components
products used are shown in table 5. Bt
was not found in either contemporary
torical CoCrMo formulae available in'
With the use of local exhaust ver

during grinding dust levels were gener.
low, typically a few percent of the
occupational exposure limit for the
components or even below the detecti
of the analytical method (figure). H
without adequate ventilation cons
higher dust levels could be recorded. I
cobalt dust a maximum value of 1-6 r
that is, 32 times the Swedish occu
exposure limit for that particular met.
found in one dental laboratory. At t

Table 5 Content of some dust-emitting products used in laboratories manufactu
CoCrMo dentures

Product Material Conten

CoCrMo alloys Cobalt 60-66
Chromium 25-32
Molybdenum 4-6
Other (e.g. silicone, manganese) <1

Grinding or polishing wheels Aluminium oxide ND
Silicon carbide ND
Synthetic rubber ND

Investment powders Crystalline quartz 80-99
Shot-blasting material Aluminium oxide >99

ND=no data.

Total

52
4

ticular location the levels of total chromium
and respirable silica dust both also exceeded
the occupational exposure limit value by some
50%. Cristobalite, tridymite, and silicon carb-
ide levels were all below 0-02 mg/m3.

1 Discussion
57a The 16% prevalence of dental technician's

pneumoconiosis in the study group (95% con-
fidence interval 6% to 23%) should be regarded
as representing a maximum estimate since the
study population was restricted to include only

cal technicians with a minimum of five years of
ntilation exposure to CoCrMo dust. Conversely, this

figure might also represent a survivor popu-
ntilation lation but, since no cases of dental technician's

pneumoconiosis were known in Sweden before
the detection of the index case in 1985, this
possibility cannot be fully evaluated. However,
there are no good reasons to expect a substantial
survivor effect. CoCrMo-based dental con-
structions were introduced in Sweden on a
limited basis soon after World War II, but were
used more extensively a decade later (P 0
Glantz, personal communication, 1993). Given
a latency period of, say, 10 years for pneumo-
coniosis, cases of dental technician's pneumo-
coniosis might have appeared in the early
1960s. Indeed, in the nationwide survey of

(respirable) silicosis in the early 1970s high levels of silica
mg/in3 dust were found in dental laboratories which

rto produced CoCrMo dentures,21 but no cases of
LJV-, pneumoconiosis were observed in these loc-

ations. Moreover, the production of CoCrMo-
based dental applications in Sweden mainly
takes place in a limited number of specialised
dental laboratories with few exposed subjects,

material and it is unlikely that we would have missed
believed more than sporadic subjects fulfilling the in-
to those clusion criteria.
; of the The occurrence of dental technican's
eryllium pneumoconiosis in this study group is largely
7 or his- in agreement with findings in similar studies.
Sweden. For instance, with a minimum of 20 years of
ntilation exposure to mechanical dentistry Rom et al'0
ally very reported a prevalence rate of simple pneumo-
Swedish coniosis (ILO profusion 1/0 or more) of 1 6 7% .
various These subjects had worked extensively with
on limit non-precious alloys. Choudat et al 13 found a
[owever, prevalence of 15-8% for ILO profusion 1/0 or

iderably more in subjects with at least 20 years of ex-

4or total posure (prevalence rate inferred from figure),
ng/m3 _ whereas Sherson et all2 observed a 19-4% pre-
pational valence of simple pneumoconiosis in 31 sub-
al - was jects where all cases had been exposed to
his par- CoCrMo dust in the production of dental pros-

theses. In contrast, no case of pneumoconiosis
was observed among technicians not exposed

iring to CoCrMo dust.
The decrease of6% forVC and 8% for FEV,,

(t(%) respectively, in this study was more pronounced
than in some of the other recent surveys in this
field using a similar study design. This might
be due to stricter inclusion criteria in our study
group involving only dental technicians with a
long exposure to potentially fibrogenic dust.
Moreover, the impairment of lung function,
after allowing for smoking habits, showed a
dose-response relation with the intensity of the
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CoCrMo dust exposure in terms ofthe number
of hours exposed per week and self-estimated
exposure level. The absence of a negative trend
for the number of years exposed was probably
due to an inverse relation between the number
of hours exposed per week and the number of
years exposed. The reduction in ventilatory
capacity could be interpreted as supporting
the case observations of dental technician's
pneumoconiosis and as being indicative ofearly
lung fibrosis. However, the absence of a sig-
nificant difference in lung function between
cases of dental technician's pneumoconiosis
and the remainder of the study group argues
against this theory. Alternatively, the reduced
lung function may indicate a component of
bronchoconstriction representing a parallel
phenomenon of cobalt-induced obstructive
lung dysfunction.22

In the evaluation of the lung function data
some factors which tend to exert a conservative
influence on the outcome variables should be
discussed. In particular, smoking habits were
not taken into account in the reference material
used to derive expected values.17 The pro-
portion of smokers among Swedish men aged
30-64 years was considerably higher (ap-
proximately 75%) in the mid 1950s2" when the
reference data were collected than the 32%
noted in the present study. Accordingly, the
reference data may be significantly influenced
by smoking. This would tend to lower the
expected values. Moreover, birth cohort effects
- that is, new generations having better lung
function than their ancestors24 - would be ex-
pected, given the time span in data collection
of almost three decades between the present
study group and the reference material.
The number of dust samples in this study

was limited. However, all samples obtained
from dental laboratories with local exhaust
ventilation indicate that the occupational ex-
posure limits were well contained. In contrast,
in laboratories without such equipment high
levels were found, particularly of cobalt. In this
respect our results are in accordance with those
of Brune and Beltesbrekke25 who found cobalt
levels of 1-0-1 -2 mg/m3 in laboratories where
exhaust ventilation was not used and <0 1 mg/
m3 with ventilation.
In conclusion, reduced lung fimction and

pneumoconiosis are hazards which face dental
technicians exposed to dust generated in the
processing of CoCrMo alloys. For prevention,
local exhaust ventilation should be encouraged.
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