
Public health implications

* Children living near high voltage installations have above normal exposure
to electromagnetic fields in the 50 Hz range
* About 0/5% of Danish children are exposed to measurable levels from such
installations
* A positive association was observed in this study between all major types of
childhood cancer combined and exposure to average magnetic field strengths
of 0 3-0-4 ,uT or more, which were measured in distances of up to 50
metres from an overhead power line
* Data indicate that the proportion of childhood cancers caused by
electromagnetic fields must be small
* A possible biological mechanism behind the observed associations still
needs to be determined

lymphoma separately at 01 ,uT or more; the subgroup
most affected was children with Hodgkin's disease,
which is not normally regarded as being aetiologically
related to childhood leukaemias. If the observed
associations are causal, as indicated by the case-control
analysis, descriptive data on electricity consumption
and incidence of childhood cancer in the national
population indicate that the aetiological fraction must
be small. It may be that severe exposure occurs only
rarely-for example, in infants and small children
residing near powerful, high voltage installations who
have prolonged, uniform exposure to electromagnetic
fields in the 50 Hz range. It must be kept in mind,
however, that no agreement has yet been reached
on any cellular process that would induce or facili-
tate a carcinogenic response to extremely low energy
fields.
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Risk ofcancer in Finnish children living close to power lines

Pia K Verkasalo, Eero Pukkala, Mikko Y Hongisto, Jorma E Valjus, Pekka J Jarvinen,
Kauko V Heikkila, Markku Koskenvuo

Abstract
Objective-To investigate the risk of cancer in

children living close to overhead power lines with
magnetic fields of : 0.01 microteslas (,uT).
Design-Cohort study.
Setting-The whole ofFinland.
Subjects-68 300 boys and 66500 girls aged 0-19

years living during 1970-89 within 500m of overhead
power lines of 110-400kV in magnetic fields calcu-
lated to be ,0-01 [LT. Subjects were identified by
record linkages ofnationwide registers.
Main outcome measures-Numbers of observed

cases in follow up for cancer and standardised
incidence ratios for all cancers and particularly for
nervous system tumours, leukaemia, andlymphoma.
Results-In the whole cohort 140 cases of cancer

were observed (145 expected; standardised inci-
dence ratio 0 97, 95% confidence interval 0-81 to
1l1). No statistically significant increases in all
cancers and in leukaemia and lymphoma were found
in children at any exposure level. A statistically
significant excess of nervous system tumours was
found in boys (but not in girls) who were exposed to
magnetic fields of > 0;20 ,T or cumulative exposure
of 2 0 40 ,uT years.
Conclusions-Residential magnetic fields of

transmission power lines do not constitute a major
public health problem regarding childhood cancer.
The-small numbers do not allow further conclusions
about the risk ofcancer in stronger magnetic fields.

Introduction
The possible carcinogenic effect of electric power

lines was raised in the late 1970s when an epidemio-
logical study reported a twofold to threefold risk for
childhood cancer close to power lines.' Magnetic fields
have been regarded as the possible causative agent
because, unlike electric fields, they penetrate normal
building materials.

In residential surroundings one of the sources of
extremely low frequency magnetic fields is the power
lines used for transmission (high voltage power lines)
or distribution of electricity. Other sources of magnetic
fields at home include wiring and grounding systems
within the buildings as well as various electrical
appliances.

Since the original report seven other case-control
studies have been published on the risk of cancer in
children living close to power lines or exposed to
residential magnetic fields.24 Altogether four of six
studies on overall cancer risk in children found some
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indication of an increased risk'4 and two did not.56
Fourl-4 of five studies on nervous system tumours,
five'3407 of seven studies on leukaemia, and all four
studies on lymphoma,'4 using various exposure assess-
ment methods, reported increase in risk. One study
on nervous system tumours6 and two studies on
leukaemia28 detected no evidence of increased risk.

In Finland, reliable population based registers made
it possible to investigate in a nationwide cohort study
whether children exposed to the magnetic fields of
power transmission lines have an increased risk of
cancer overall and particularly of leukaemias,
lymphomas, or nervous system tumours.

Methods
The study was restricted to a cohort of children aged

0-19 years living at any time in 1970-89 within 500m of
overhead power lines of 110, 220, or 400kV in
calculated magnetic fields of : 0 01 ,uT. Data on the
location, voltage, apparent power, and tower types of
the 110-400kV power lines were provided by major
Finnish power companies. These data cover about
18000 km, 90% of the total length of power lines in
Finland.9
The exact locations of the power lines were verified

on basic maps (scale 1:20000) to correspond to their
extent at the end of 1989. Then the routes of power
lines were digitised at the National Board of Surveys.
The computerised data on power lines were linked to
the register of buildings and individual premises of the
central population register, a nationwide database
containing detailed information on practically every
building in Finland. The shortest distances between
the power lines and the central points of buildings were
calculated by using exact coordinates of both buildings
and power lines. Buildings within 500m of power lines
were identified.9
The magnetic fields (magnetic flux density) at the

-central points of these buildings were calculated
separately for each of the years 1970-89 at the power
company Imatran Voima Oy. Variables taken into
account in calculating magnetic fields were current,
typical locations of phase conductors in power lines,
and the shortest distance to the centre of the building.
Currents were calculated from operational or nominal
voltages and the apparent power of all power lines.9
Data on power line currents (load flows) were

collected by three methods: point estimates of annual
average currents for 1984-9 were generated by a power
system simulator; existing load flow documents
furnished corresponding power information for 1977-
83; and power data from 1977, corrected for com-
pletion years of power lines, served as estimates for
1970-6. If several power lines were within 500m of a
building, the combined effect of all power lines was
estimated.9

Further data collection was restricted to buildings
with annual magnetic fields of - 0-01 ,uT for one or
more years between 1970 and 1989. This low limit for
magnetic field level was chosen to include most
buildings in Finland likely to have increased magnetic
fields from power lines.9

Children living in these buildings for any period
between 1970 and 1989 were identified from the
personal data file of the central population register by
means of automatic record linkage using the building
codes assigned to every building in Finland. The
personal data file contains computerised information
on virtually all Finnish people alive or deceased since
1 January 1974, including every address and official
dates of moving in and out since 1984, along with a
maximum of two addresses before 1984. Data on
deaths and residential history were drawn from this
register.

The Finnish cancer registry, founded in 1952,
receives information on all cases of cancer that come to
the attention of hospitals, pathological and haemato-
logical laboratories, and practising physicians."0 In
1989 cancer diagnoses were based on histological
confirmation in 89 0% of cases and solely on death
certificates in 1-2% of cases. Cases of cancer in the
cohort were identified from the cancer registry by
record linkage using the unique personal numbers
assigned to every resident of Finland. Histologically
benign neoplasms outside the nervous system were
excluded. The specific cancer types selected to be
studied were all primary tumours of the nervous
system (code 193, including neuroblastoma, of the
seventh revision of the International Classification of
Diseases), leukaemias (code 204, ICD-7), and lym-
phomas (codes 200-202, ICD-7). Gliomas (code 47,
American Cancer Society Manual of Tumor Nomen-
clature Coding"), were analysed separately from other
nervous system tumours; leukaemias were analysed by
cell type, and lymphomas were divided into Hodgkin's
disease and non-Hodgkin's lymphomas.
The study subjects were classified into categories

according to two estimates of magnetic field exposure:
magnetic field (in ,uT) and the cumulative exposure (in
,uT years), the sum of the products of the average
exposure each year and the duration of such exposure.
The cut points for magnetic field and cumulative
exposure (table I) were selected a priori on the basis of
the distribution of the number of exposed children and
taking into account the typical residential magnetic
field level of 0-1 ,uT. Calculation of person years began
on 1 January 1974 at the earliest or on the day when the
child met the exposure criteria-that is, lived for the
first time in a residence with a magnetic field exceeding
the lower limit of the exposure category in question or
had the cumulative exposure needed for the cumula-
tive exposure category. Calculation of person years
ended when the child entered the next exposure
category, at the 20th birthday, at death, or on 31
December 1990, whichever occurred first. The
observed numbers of cases and person years at risk
were counted by sex, age, calendar period, and
exposure category. The expected numbers of cases
were calculated in five year age groups by multiplying
the stratum specific number of person years by the
corresponding cancer incidence in Finland. The
standardised incidence ratios were calculated by
dividing the observed number of cases by the number
expected. The exact 95% confidence intervals were
defined under the assumption that the observed
number of cases followed the Poisson distribution.

Results
The 68300 boys and 66500 girls in the cohort

contributed almost one million person years: boys
501 600 and girls 476 500 (table I). The study base
(person years of children under follow up) constituted

TABLE i-Children exposed to magnetic fields, Finland, 1974-90.
Numbers are given in thousands; percentages are given in parentheses

No ofchildren Person years
Exposure (n- 134 800) (n=978 100)

Magnetic field (,T):
0 01-0 04 104-1 (77 2) 763-1 (78-0)
0-05-0 09 15-0 (11 1) 104-7 (10-7)
0 10-019 8-5 (6 3) 60-0 (6-1)
>0-20 7-3 (5-4) 50-3 (5-1)

Cumulative exposure (,uT years):
0-01-004 68-1 (50 5) 558-8 (57-1)
0 05-009 23-7 (17-6) 158-4 (16-2)
0 10-0 19 18 7 (13-9) 113-3 (11-6)
0-20-0-39 11.3 (8 4) 70 3 (7 2)
0-40-0-99 8-1 (6.0) 48-8 (5-0)
1-00-1-99 2-8 (2-1) 16-8 (1 7)

2-00 2-0 (1-5) 11-6 (1-2)
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TABLE ii-Cancer in children exposed to magneticfields, Finland, 1974-90

Boys Girls Total

Standardised Standardised Standardised
incidence ratio incidence ratio incidence ratio

No ofcases No ofcases (950/o confidence No ofcases No ofcases (95% confidence No ofcases No of cases (95% confidence
Magnetic field (,T) observed expected interval) observed expected interval) observed expected interval)

Nervous system tumours:
0 01-0 19 22 22-33 0099 (0-62 to 1-5) 12 17-49 0-69 (0-36 to 1-2) 34 39-82 0-85 (0.59 to 1-2)
¢0-20 5 1-18 4-2 (1 4 to 9 9) 0 0-98 (O to 3 8) 5 2-16 2-3 (0 75 to 5 4)

Leukaemia:
0 01-0 19 15 19-38 0 77 (0 43 to 1-3) 17 16-72 1.0 (059 to 1-6) 32 36-10 0-89 (0-61 to 1-3)
>0-20 1 1*01 0-99 (0-025to5-5) 2 0-92 2-2 (0-26 to 79) 3 1 93 16 (0-32 to 45)

Lymphoma:
001/019 5 10-38 0-48(0-16to1 1) 10 6-17 1-62(0-78to30) 15 16-55 091(0-51to1-5)
>0-20 0 0 54 (O to 6-8) 0 0-34 (O to 11) 0 0-88 (O to 4-2)

Cancers at other sites:
0 01-0 19 20 22-41 0-89 (0 55to 1-4) 28 22-29 1-3 (0-84to 1-8) 48 44-70 1 1 (0 79to 1-4)
>0-20 2 1-17 17 (0-21 to 6-2) 1 1-25 0-80 (0-02 to 4-5) 3 2-42 12 (0-26 to 3-6)

All cancers:
0.01-0-19* 62 7450 0-83(0-64to1 1) 67 62-67 1-07(0-83to1-4) 129 137-17 094(079to1 1)
-020t 8 39 2-0 (0-88 to 4-0) 3 349 086 (0-18 to 2-5) 11 739 1-5 (0-74 to 2-7)

*Including 21 gliomas, 13 other nervous system tumours, 28 acute lymphatic leukaemias, one acute myeloid leukaemia, three other leukaemias, eight non-
Hodgkin's lymphomas, and seven cases of Hodgkin's disease. The 47 other tumours occurred in subsequent primary sites: 10 in bones, seven in soft tissues,
six in kidneys, five in colon, three each in ovaries and skin (two melanomas), two each in liver, testicles, eyes, and thyroid, one each in salivary glands,
nasopharynx, vagina, pineal gland, and an unknown site.
tThree gliomas, two other nervous system tumours (one acoustic neurinoma and one neuroblastoma), three acute leukaemias, one melanoma ofthe skin, one
adenocarcinoma ofthe thyroid, and one nephroblastoma.

TABLE iii-Cumulative exposure to magneticfields and incidence ofcancer in children in Finland, 1974-90

Boys Girls Total

Standardised Standardised Standardised
Cumulative incidence ratio incidence ratio incidence ratio
exposure (95% confidence (95% confidence (95% confidence
(pT years) No ofcases interval) No of cases interval) No of cases interval)

Nervous system tumours:
0-01-0-39 20 0-92 (0 57 to 1.4) 12 0 70 (0-36 to 1-2) 32 0-82 (0-56 to 1-2)
-'040 7 4-2(1-7to86) 0 (Oto2-8) 7 2-3(094to48)

Leukaemia:
0-01-0-39 15 0 79 (0-44 to 1-3) 17 1 0 (0-60 to 1-6) 32 0 90 (0-62 to 1-3)
¢040 1 074 (0-02to4-1) 2 19 (0-002to67) 3 12 (0-26to 36)

Lymphoma:
0-01-0-39 5 0 50 (0-16 to 1-2) 9 1-5 (0 70 to 2 9) 14 0-88 (0-48 to 1-5)
- 0 40 0 (O to 3 8) 1 1*7 (004 to 9 3) 1 0-64 (0-02 to 3 6)

Cancer at other sites:
001-0-39 19 0-87 (0-52 to 1-4) 28 1-3 (0-87 to 1-9) 47 1 1 (0-80 to 1-4)
a0-40 3 1-5 (0-32 to 4 5) 1 0 49 (0-01 to 2 7) 4 1 0 (0-27 to 2-6)

All cancers:
001-0-39 59 0-81 (0-62to1 1) 66 1 1 (0-84to1-4) 125 093(0-78to 11)
:040 11 19 (093to33) 4 0-8 (0-22to20) 15 14 (077to23)

4*3% of the person years lived by all Finnish children
aged 0-19 during the study period. The mean length of
follow up in the cohort was 7-3 years. Only 5 44% (7300)
of the study subjects had been exposed to magnetic
fields of >-0-20 pT; 9-6% (12900) of study subjects
had a cumulative exposure of 2 0 40 ,T years before
the age of 20.
During the 17 year observation period 140 cases of

childhood cancer were seen in the whole cohort; 145
cases were expected (tables II and Ill). A total of 39
nervous system tumours, 35 leukaemias, 15 lym-
phomas, and 51 other malignant tumours were
observed.
The standardised incidence ratio for nervous system

tumours among all children exposed to magnetic fields
of 2- 0-20 ,uT was 2-3 (five cases observed, 95%
confidence interval 0-75 to 5-4); the corresponding
standardised incidence ratio with a cumulative
exposure estimate of , 040 pT years was 2-3 (seven
cases observed, 0-94 to 4-8).
The standardised incidence ratio for nervous system

tumours among boys exposed to magnetic fields of
2 0-20 ,uT was 4 2 (five cases observed, 1 4 to 9 9); the
corresponding standardised incidence ratio with a
cumulative exposure estimate of 2 0-40 ,uT years was
4-2 (seven cases observed, 1-7 to 8'6). Three of these
tumours, though with different morphologies and
locations (one pilocytic astrocytoma of cerebrum, one
oligoastrocytoma of spinal medulla, one schwannoma
of acoustic nerve) were diagnosed in one 18 year old
boy who had neurofibromatosis type 2. No nervous

system tumours were found among girls in the same
exposure categories. The results for gliomas and other
nervous system tumours were essentially similar.
No significantly increased risks for leukaemias,

lymphomas, other cancers, or all cancers were observed
among children at any magnetic field or cumulative
exposure level.

Discussion
Our study is the first to apply a cohort approach with

person years in investigating the risk of cancer in
children living close to power lines. Only three
previous studies on the risk of childhood cancer have
estimated exposure by calculating magnetic fields.'
Cumulative exposure estimates have been used only
once before.4
While conducting the study we faced some of the

general problems of this field of study. Firstly, the
need to estimate exposures ofnumerous people posed a
challenge of developing methods to calculate historical
magnetic fields. Secondly, the rarity of childhood
cancer combined with the relatively uncommon
experience of exposure to power lines could easily have
led to difficulties in gaining meaningful results. The
study size was sufficient to detect (a=0-05, power=
0 80) a twofold increased risk for all cancers among all
children living in magnetic fields of > 0-20 ,uT, as well
as a threefold risk for nervous system tumours and
leukaemias and a fivefold risk for all lymphomas.
Thirdly, several competing hypothetical biological
mechanisms have been proposed to explain the
possible carcinogenic effect in the vicinity of power
lines.'2 Magnetic field rather than electric field was
chosen as the study variable because only it penetrates
the walls ofhouses.

ESTIMATING EXPOSURE

The method of calculating the magnetic field in the
present study was designed to give point estimates of
annual average magnetic fields at the central points of
buildings. The operational situation in the Finnish
transmission grid in early October has been found by
experience to correspond to the average annual
power. This assumption was tested by plotting the
estimates of annual average load currents (1A) against
their actual arithmetic means (1M); these were based on
recordings of power level once every hour throughout
the years 1988-92 in a sample of230 transmission lines.
This distribution was best estimated by the linear
model lM=083X IA. The proportion of variation in the
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mean of the load current explained by the current
measured in October was 85%. Because operational
voltages ofpower lines remain practically constant over
time, apparent power can be regarded as directly
proportional to current and thus also to magnetic field.
Some obvious sources of error in estimating

children's exposure to magnetic fields were unavoid-
able. The different lengths of time children spent at
home and their exposure to magnetic fields from
sources other than power lines'3 could not be taken into
account.

CHILDHOOD CANCER

Our study showed a fourfold risk for nervous system
tumours among boys, but no increased risk among
girls. The risk was largely attributable to one boy with
neurofibromatosis type 2 disease who had three
primary tumours of the nervous system. Had we

restricted the analysis to first primary cancers, the
standardised incidence ratios for boys would have been
non-significant. The increased risk for nervous system
tumours among boys, however, parallels Wertheimer
and Leeper's observations of a similar increase.'
Our results give only weak support to the four

previous reports that indicate some increased risk for
nervous system tumours in children living close to
power lines'l4 (table IV). They agree with the results of
two recent occupational studies showing an increased
risk for brain tumours among electrical workers.'4 '1

The increased risk for nervous system tumours
among boys was observed in the cumulative exposure
category of > 0 40 ,uT years. Magnetic fields of
> 0 20 puT generated by power lines of 110 kV, 220 kV,
and 400 kV almost never occur outside the distance of
60 m, 70 m, and 150 m, respectively. We estimated
that at present about 1000 Finnish boys are exposed to
magnetic fields of > 0-20 [T generated by trans-
mission power lines. Therefore, assuming a standard-
ised incidence ratio of 4-2 for nervous system tumours,
about one excess case would be expected every second
year among the exposed boys in the whole country.
Our study does not confirm the results of some pre-

vious reports of an increased risk for leukaemia' 3467
and lymphoma.'-4 As in the study by Tomenius,2 in our

study the slight increase in the overall risk of cancer

was attributable to the increase in nervous system
tumours. The four other studies with an increase in
overall risk found an increased risk for several types of
cancer.1-4

Little is known about risk factors in most childhood

cancers."'"'l One of the original studies on power lines
and cancer was later suggested to be biased by the
differing urban-rural distribution of cases of leukaemia
and controls.'8 In our study, members of the cohort
living in rural districts experienced 22% of all person

years of exposure to magnetic fields between 1974-90.
In the whole of Finland 42% of the person years were

experienced by people living in rural districts. The
incidence of childhood leukaemia showed no urban-
rural difference, but the other types of childhood
cancer were some 5% more common in urban munici-
palities than in rural ones. This means that our

estimates for cancer risk are slightly higher than they
would have been if the urban-rural distribution in our

cohort had been the same as in the whole population.
In conclusion, our study shows no significant

increase in the incidence of leukaemia, lymphoma, or

cancers overall in children exposed to residential
magnetic fields from power transmission lines in
Finland. The significant increase in the incidence of
nervous system tumours among boys is likely to be a

TABLE Iv-Studies on risk ofnervous system tumours in children living close to power lines

No of Odds ratio
exposed (95% confidence

Study Conclusion Exposure cases interval)

Wertheimer and Leeper (1979)' Indication of Wire coding, high v low current configuration codes at 30 2-4 (1-2 to 5.0*)
increased risk death addresses

Wire coding, high v low current configuration codes at 22 2-4 (1-0 to 5 4*)
birth addresses

Tomenius (1986)' Indication of Distance to 200 kV power line G 150 m at birth and 9t 3-9 (0-8 to 18-0*)
increased risk diagnosis residences

Magnetic field of - 0-3 ,uT, based on measurements at birth 13t 3-7 (1-1 to 13-0*)
and diagnosis residences

Savitz et al (1988)3 Indication of Magnetic field of - 0-2 ,uT, based on measurements under 2 1-0 (0-2 to 4-8)
increased risk conditions oflow power use at diagnosis residence

Wire coding, high v low current wire configurations at 20 2-0 (1-1 to 3-8)
diagnosis residence
Wire coding, very high v low buried wire configurations at 3 1.9 (0-5 to 8-0)
diagnosis residence

Feychting and Ahlbom (1992)' No evidence of Distance of200-400 kV power line s 50 m, at time closest 1 0-5 (0-0 to 2-8)
increased risk to diagnosis

Magnetic field of a 0-2 pT, calculated for time closest 2 0 7 (0-1 to 2 7)
to diagnosis
Magnetic field of > 0-2 pT, spot measurements at residence 5 1-5 (0-4 to 4-9)
closest to time of diagnosis

Olsen et al (1993)4 Some indication of Magnetic field of -0-25 ,uT, calculated for the address within 2 1-0 (0-2 to 5-0)
increased risk a specific distance of a power line

Magnetic field of > 0-4 ,uT, calculated for the address within 2 6-0 (0-7 to 44-0)
a specific distance of a power line

*Calculated using data given in original report. tNumber of dwellings.

BMJ VOLUME 307 9 OCTOBER 1993

Public health implications

* The use of electricity has increased several-
fold during the past decades but little is known
about the health impacts of exposure to electro-
magnetic fields
* Previous epidemiological studies focused
mainly on the carcinogenic effect of residential
magnetic fields to children, but results have
been inconsistent; the public has been worried
about some results that suggest an increased risk
for childhood cancers
* This study found no increased risk of overall
cancer, leukaemia, lymphoma, or nervous
system tumours in children exposed to resi-
dential magnetic fields close to transmission
power lines in Finland
* The results suggest that magnetic fields of
transmission power lines, when occurring at
levels close to 02 [LT, do not form a major
public health risk regarding childhood cancers
* The possibility of risk at higher magnetic
field levels cannot, however, be eliminated on
the basis of this study
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chance finding. The results suggest that the risk of
childhood cancer in the vicinity of these power lines is
not a major public health concem. The relation
between a risk of childhood cancer and exceptionally
high levels of residential exposure to magnetic fields
should not, however, be inferred from this study.
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lating the magnetic fields, particularly Mr Martti Korpiranta
of VTKK Computing Services Ltd. We gratefully acknow-
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1 Wertheimer N, Leeper E. Electrical wiring configurations and childhood
cancer. Am_JEpidemiol 1979;109:273-84.

2 Tomenius L. 50-Hz electromagnetic environment and the incidence of
childhood tumors in Stockholm county. Bioelectromagnetics 1986;7:191-207.

3 Savitz DA, Wachtel H, Barnes FA, John EM, Tvdrik JG. Case-control study
of childhood cancer and exposure to 60-Hz magnetic fields. Am J Epidemiol
1988;128:21-38.

4 Olsen JH, Nielsen A, Schulgen G. Residence near high voltage facilities and
risk of cancer in children. BMJ 1993;307:891-5.

5 Myers A, Clayden AD, Cartwright RA, Cartwright SC. Childhood cancer and
overhead powerlines: a case-control study. BrJ Cancer 1990;62: 1008-14.

6 Feychting M, Ahlbom A. Magnetic fields and cancer in people residing near
Swedish high voltage power lines. Stockholm: Insitutet for miljomedicin,
Karolinska insitutet, 1992. (IMM publication No 6/92.)

7 London SJ, Thomas DC, Bowman JD, Sobel E, Cheng TC, Peters JM.

Exposure to residential electric and magnetic fields and risk of childhood
leukaemia. AmJEpidemiol 1991;134:923-37.

8 Fulton JP, Cobb S, Preble L, Leone L, Forman E. Electrical wiring
configurations and childhood leukemia in Rhode Island. Am J Epidemiol
1980;111:292-6.

9 Valjus J, Hongisto M, Jarvinen P, Verkasalo P, Heikkila K, Koskenvuo M.
The exposure estimation method of the Finnish cohort study of cancer and
exposure to magnetic fields. In: Blank M, ed. Electricity and magnetism in
biology and medicine. San Francisco: San Francisco Press, 1993:426-30.

10 National Agency for Welfare and Health. Cancer Incidence in Finland 1989 and
1990. Helsinki: Cancer Society of Finland, 1992. (Publication No 51.)

11 American Cancer Society. Manual of tumor nomenclature coding. Atlanta:
American Cancer Society, 1951.

12 Doll R. Electromagnetic fields and the risk of cancer. Report ofan advisory group on
non-ionising radiation. Chilton, Didcot, Oxon: National Radiological
Protection Board, 1992:35-53. (Documents of the NRPB, vol 3; No 1.)

13 Juutilainen J, Saali K, Eskelinen J, Matilainen P, Leinonen AL. Measurements
of 50 Hz magneticfields in Finnish homes. Helsinki: Imatran Voima Oy, 1989.
(Imatran Voima Oy research reports, 2/89.)

14 Juutilainen J, LUara E, Pukkala E. Incidence of leukaemia and brain tumours
in Finnish workers exposed to ELF magnetic fields. fnt Arch Occup Environ
Health 1990;62:289-93.

15 Floderus B, Persson T, Stenlund C, Linder G, Johansson C, Kiviranta J, et al.
Occupational exposure to electromagnetic fields in relation to leukemia and brain
tumors. A case-control study. Stockholm, Sweden: Litohuset, 1992.

16 Li FP. Cancers in children. In: Schottenfeld D, Fraumeni J, eds. Caticer
epidemiology and prevention. Philadelphia: Saunders, 1982:1012-24.

17 Higginson J, Muir CS, Mufios N. Human cancer: epidemiology and environ-
mental causes. Cambridge: Cambridge University Press, 1992:479-92.

18 Wertheimer N, Leeper E. Re: Electrical wiring configurations and childhood
leukemia in Rhode Island. AmJEpidemiol 1980;111:461-2.

(Accepted 10 September 1993)

Arthroscopic surgery compared with supervised exercises in patients
with rotator cuffdisease (stage II impingement syndrome)

Jens Ivar Brox, PeerH Staff, Anne Elisabeth Ljunggren, John Ivar Brevik

Abstract
Objective-To compare the effectiveness of

arthroscopic surgery, a supervised exercise regi-
men, and placebo soft laser treatment in patients
with rotator cuff disease (stage II impingement
syndrome).
Design-Randomised clinical trial.
Setting-Hospital departnents of orthopaedics

and ofphysical medicine and rehabilitation.
Patients-125 patients aged 18-66 who had had

rotator cuff disease for at least three months and
whose condition was resistant to treatment.
Interventions-Arthroscopic subacromial decom-

pression performed by two experienced surgeons;
exercise regimen over three to six months supervised
by one experienced physiotherapist; or 12 sessions
ofdetuned soft laser treatment over six weeks.
Main outcome measures-Change in the overall

Neer shoulder score (pain during previous week and
blinded evaluation of function and range of move-
ment by one clinician) after six months.
Results-No differences were found between the

three groups in duration ofsick leave and daily intake
of analgesics. After six months the difference in
improvement in overall Neer score between surgery
and supervised exercises was 4 0 (95% confidence
interval -2 to 11) and 2-0 (-1.4 to 5 4) after
adjustment for sex. The condition improved signifi-
cantly compared with placebo in both groups given
the active treatments. Treatment costs were higher
for those given surgery (£720 v £390).
Conclusions-Surgery or a supervised exercise

regimen significantly, and equally, improved rotator
cuffdisease compared with placebo.

Introduction
Pain in the shoulder is a common medical problem.

Its prevalence was 14% in a Swedish epidemiological
study.' Work or leisure activities that entail raising the
arms or working with hand tools increase the risk of

developing shoulder pain.2-5 The prevalence of supra-
spinous tendinitis was 18% among welders.3

Ischaemia, inflammation, and degeneration are
related to age and overload of the tendons of the
short rotator muscles and are present in rotator cuff
disease.68 Impingement of the cuff and the subacromial
bursa on elevation increases the pain and may contri-
bute to long term changes. Rotator cuff disease or the
impingement syndrome is classified according to its
progression: acute inflammation (tendinitis or bursitis)
(stage I); degeneration or chronic inflammation,7 or
both (stage II); rupture and arthritis (stage III).9
Commonly, rest, analgesics, anti-inflammatory

drugs, local steroid injections, and remobilisation with
simple exercises will resolve most cases of tendinitis.10
The results of the long term outcome of these treat-
ments, however, is not promising," although open
anterior and arthroscopic acromionplasty have a suc-
cess rate of 80-90%.O-/14 We compared arthroscopic
subacromial decompression and supervised exercises
in a controlled, randomised series of patients with
rotator cuff disease. To our knowledge, such a study
has not been published before.

Subjects and methods
SELECTION OF PATIENTS

General practitioners serving a population of half a
million were invited to refer patients with rotator cuff
disease.

Patients were included if they were aged 18-66; had
had pain in the shoulder for at least three months that
had been resistant to outpatient physiotherapy and
non-steroid and steroid anti-inflammatory drugs; had
dysfunction or pain on abduction; had a normal passive
glenohumeral range of movement; had pain during two
of the three isometric-eccentric tests (abduction at 00
and 300 and external rotation)15; and had positive
results in tests for impingement.9 Lignocaine (6 ml;
10 mg/ml) was injected anteriorly into the subacromial
space.'5 The diagnosis was confirmed if pain was

Department ofPhysical
Medicine and
Rehabilitation, Ullevaal
University Hospital, 0407
Oslo, Norway
Jens Ivar Brox, research
fellow
Peer H Staff, director
Anne Elisabeth Ljunggren,
adjunct professor in
physiotherapy

Department ofSocial
Networks and Health,
Ullevaal University
Hospital, 0407 Oslo,
Norway
John Ivar Brevik, researcher

Correspondence to:
Dr Brox.

BMJ 1993;307:899-903

BMJ VOLUME 307 9 OCTOBER 1993 899

 on 9 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.307.6909.895 on 9 O
ctober 1993. D

ow
nloaded from

 

http://www.bmj.com/

