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Abstract
Objective-To assess the relative importance

of osteoporosis of the os calcis, cognisance, and
mobility in the risk of subsequent fracture of the hip
in elderly women.
Design-Prospective study of elderly women in

residential care over two years.
Setting-21 Private or 38 local authority residen-

tial homes for the elderly and 4 geriatric hospitals in
Doncaster and Hull.
Subjects-1414 Ambulant women aged over 69, in

private or local authority residential care or geriatric
care. Those who had had bilateral hip surgery were
excluded.
Main outcome measures-Broad band ultrasonic

attenuation (BUA) index, Clifton assessment proce-
dures for the elderly test (for cognisance), and
mobility on a six point scale, and fracture of the hip
in the subsequent two year period.
Results-73 Women fractured their hip during the

two years. Their mean age was not significantly
different from that of the women who did not have a
fracture (85.3 (SD 5.6) v 83-9 (6.3); p=0.07), but
their mean BUA index (40.3 (19-3) v 50*9 (22.2)
db/MH2), and score for cognisance (median 19
(interquartile range 10-5-27-0) v 24 (17-30)) were
significantly lower (both p<0001). These variables
had independent associations with fracture of the
hip. Women with fractures had a significantly lower
score for the psychomotor component of the cogni-
sance test (4.5 (1-8) v 7 (2-10); p<0.0025 and were
significantly more mobile (1 (1-3) v 3 (1-6); p<002).
Subdividing women according to high, medium, and
low scores for BUA index and cognisance testing
disclosed a high risk group (118 women) with low
BUA index and cognisance score, whose incidence
offracture was 12-8%; in the group at lowest risk (136
women) with high BUA index and cognisance score,
the incidence of fracture was only 1-5% (relative risk
8-4 (95% confidence interval -2-0 to 35.5)). Further
analysis showed that those most at risk were, addi-
tionally, most mobile but that less mobile women
with good cognisance had a low incidence of
fractures, regardless of the BUA index, (1-2%, high
index, v 0 9%, low index).

Conclusions-Elderly women most at risk of sus-
taining hip fractures were those with low BUA
index, low cognisance test score, and high mobility.
Improving bone strength and cognisance in elderly
women may reduce their incidence of hip fracture.

Introduction
About a fifth of orthopaedic beds are occupied by

patients with fracture of the hip.' The incidence has
doubled in the past 25 years, and as the number of
elderly people in the population continues to increase
there is justifiable concern about this modern ortho-
paedic epidemic.2 Retrospective studies suggest that
osteoporosis is a risk factor for hip fracture,34 but the
propensity to fall and the neuromuscular response may
be equally important.5
We conducted a prospective study in a population of

1414 elderly women in residential care to assess the
relative importance ofosteoporosis (measured by a new
ultrasound technique), cognisance, and mobility as
risks for subsequent fracture.

Subjects and methods
We invited women aged 70 or above living in private

residential homes or local authority homes for the
elderly or in geriatric care within the catchment areas
of Doncaster and Hull Royal Infirmaries to participate
in the study. Women who were unable to walk with
assistance and those who had had previous bilateral hip
surgery were excluded.
Broad band ultrasonic attenuation (BUA) of the

os calcis was used to assess osteoporosis with an
Osteosonics Ultrasonic Bone Analyser 1001.6 The foot
was placed in a water bath and seated on a heel plate.
An anthropometric ankle measurement ensured that
the os calcis was centred between transmitting and
receiving ultrasound transducers. By subtracting a
water trace it was possible to measure in decibels
a linear increase in ultrasonic attenuation with in-
creasing frequency over the range 0-2 to 0-6 MHz.'
The rate of increase of attenuation (in dB/MHz) was
used as the index of assessment and is referred to
hereafter as the BUA index. The technique is portable,
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TABLE i-Mean age and incidence of hip fracture in two populations ofelderly women according to type of residential care

Doncaster Hull Combined

No of Mean (SD) No (%) with No of Mean (SD) No (%) with No of Mean (SD) No (%) with
Type of residential care women age (years) hip fracture women age (years) hip fracture women age (years) hip fracture

Localauthority 352 83 6(6-2) 23(6 5) 493 84-7(6 6) 30(6-1) 845 84 2(6-5) 53(6-3)
Private home 202 84-8 (5 7) 6 (3-0) 160 84-6 (5-5) 6 (3-8) 362 84-7 (5-6) 12 (3 3)
Geriatnrchospitals 189 81 5(6-4) 7(3 7) 18 81-0(4 2) 1(5-6) 207 81-5 (6-2) 8(3 9)

Total 743 833 (6-2) 36 (4 9) 671 84-6 (6 4) 37 (5-5) 1414 840 (6-3) 73 (5-2)

TABLE 1I-Mean (SD)BUA index and median (interquartile range) CAPE test and mobility scores in two
populations ofelderly women

Doncaster Hull Combined populations

No of No of No of
women Mean score women Mean score women Mean score

BUA index (dB/MHz) 743 50 3 (21-0) 671 50 4 (23 5) 1414 50 3 (22-2)
CAPE test 591 25 (14-30) 586 25 (14-29) 1177 24 (12-50)
Mobility 600 3 (1-6) 653 3 (1-6) 1253 3 (1-6)

TABLE III-Mean (SD) age and BUA index and median (interquartile range) CAPE test and mobility
scores in elderly women with and without hip fractures

Women without fractures Women with fractures

No of women Score No of women Score Significance

Meanage(years) 1341 83-9(6-3) 73 85-3(5 6) p=007
BUAindex(dB/MHz) 1341 50 9(22-2) 73 40 3(19 3) p<0001
CAPEtestscore 1116 24(17-30) 61 19(10-5-27) p<0001

Information and orientation 1116 7 (4-11) 59 5 (2-9) p<0005
Mentalability 1116 9(7-11) 59 8(5-11) p<002

Psychomotorcoordination 883 7(2-10) 46 4-5(1-8) p<0 0025
Mobility 1188 3 (1-6) 65 1 (1-3) p<002

inexpensive, and radiation free and is therefore ideal
for this large epidemiological study.

Cognition was measured with the Clifton assessment
procedures for the elderly (CAPE) test with its three
components-namely, information and orientation,
mental ability, and psychomotor coordination.8
Mobility was assessed on a scale of 1 to 6 (box).

The assessments were made by independent
examiners in each town at the place of residence, over
nine months. Women who subsequently sustained a
fracture of the hip were identified by visiting the
orthopaedic wards of the two hospitals twice a week for
a mean two year period. A visit to all the homes and
geriatric wards at the end of the study was used as a
final check.

Student's t test was used for statistical comparisons
of age and BUA index between the populations in
which fractures were and were not sustained. The
Mann-Whitney U test was performed on the non-

parametric assessments of the CAPE test and mobility
score.

Results
In all, 1414 women, 743 from Doncaster and 671

from Hull, were recruited into the study. The mean
ages of the populations were 83-4 (SD 6 2) and 84-6
(6 4) respectively, the Hull population being signifi-
cantly older, with a mean difference of 1-2 (95%

confidence interval 054 to 1-86) years between the
groups.

During the two year period 37 and 36 women
from the Doncaster and Hull populations respectively
fractured their hips. Table I shows their place
of residence, mean age, and the percentage who
fractured their hip. The women in geriatric hospitals
were significantly younger than those in private local
authority homes (81-5 (6-2) v 84-2 (6 5), p<0 01). The
BUA index, CAPE test score, and mobility score in
the two populations were not significantly different
(table II) and were combined to improve the statistical
power of the data.

Seventy three women who subsequently fractured
a hip were compared with the 1341 women who did
not (table III). Those with a hip fracture were slightly
older (p=0 07) and their BUA index was significantly
lower in the two year period (p<0001). Just over half
(52%) of the fractures occurred in women whose BUA
index was below the 30th centile for the whole
population. Cognisance measured by the CAPE test
was also significantly poorer in the women who sus-
tained a hip fracture (p<0001). The section of the
CAPE test that measured psychomotor coordination
also showed a significant difference between the two
groups, women with fractures having a lower score
(p<00025). The CAPE test was not assessed in some
women (table III) because of deafness, poor eyesight,
and other communication difficulties. The remainder
were given a score if the two other parts of the test were
completed. The median score for mobility was higher
for the women who sustained a fracture than for those
who did not (1 (range 1-3) v 3 (1-6), p<0 02.)
The population was divided into three groups of

high, medium, and low scores for BUA index and
CAPE test, and the incidence of fracture of the hip was
recorded in each of the nine subsets (fig 1). In the 136
women with the highest BUA index and the best
cognisance incidence of fracture was only 1 5% in the
two year period whereas in the 141 with the lowest
BUA index and poorest cognisance the fracture inci-
dence was 12 8%. The incidence in the 118 women
with a low BUA index but good cognisance was only
3-4% and in those 130 with poor cognisance but a high
BUA index 6-2%.
The BUA index and the CAPE test score were

independently significant (p=009) when a linear
regression was performed on those two variables, and
they were not significantly correlated (r=0 05).
The relative risk of fracture was 8-4 (95% confidence

interval -2 0 to 35 5) between the high risk group
(12-8%) and the low risk group (1-5%). Twelve
fractures occurred in the 237 women who could not
complete the CAPE test. The percentage ofwomen not
assessed by the CAPE test was similar in the population
that did and did not sustain a fracture (16% and 17%
respectively). Ten fractures occurred in the 94 women
in the group with the lowest BUA index, two in the 67
women in the group with the medium index, and none
in the group with the highest index. The population
was further divided into the women whose scores were
above and below the median for BUA index and CAPE
test score who had scores for mobility above and below
the median. Those women at greatest risk (incidence of
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Mobility assessment scale
1 Able to walk unaided indoors and outdoors
2 Able to walk with one stick outdoors, no aids
indoors
3 Able to walk with one stick indoors
4 Able to walk with two sticks indoors
5 Able to walk with tetrapods
6 Able to walk with a frame

639

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.301.6753.638 on 29 S
eptem

ber 1990. D
ow

nloaded from
 

http://www.bmj.com/


20-

15 .

e?
15
tU
S 10-
I

0-

CAPEEm

LOW Medium

BUA index (db'MHz)
FIG1-Incidence of hip fractures in1177 women acco?
index and CAPE test score (excluding 237 women with
score)

10

U)

2l
CU

6 -

4 -

2Lo

0-

9.1% High mobility

8.1%
(10'123)

CAP

E-

Low

6

5.-

4.-

3.-

2 -

1 -

0 -

High

Low mobility
5.7% 5.6%

Low High
BUA index (dB/MHz)

FIG 2-Incidence of hip fractures ta
and CAPE test and mobility scores.

and below the median)
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score, and high mobility score whereas thos

CAPE test and low mobility a

irrespective of the BUA index

Discussion

A range of studies have shown correlatic
low density and low BUA index.89 wis
fore to test the ability of ultrasound

women in whom hip fracture a
examine other risk factors.

care were examined because access

also bearing in mind our unreported observations that
E score this is a population at high risk of hip fracture. The
| Low BUA index, which is used to assess osteoporosis,10 is

well suited for examining many people in their place of| Medium residence, being portable, safe, simple, and radiationHigh free. In contrast to other techniques that measure bonedensity, the BUA index is probably related not onlyto bone density but also to the architecture of bone,
both important variables contributing to the overall

i) strength of bone. The choice of the os calcis as the test
f site was supported by Wasnich et al"l who reported that

3.1% the os calcis is a good site for assessing the risk of
(4/129) 1.5% osteoporotic fractures.(2/136)

The index of the women who sustained hip

fracture was significantly less than that of those who
High did not, most of the fractures occurring in the women

in the lowest deciles of the index. Of the women in the
rding to BUA lowest third of the index, 84% sustained a hip fracture
no CAPE test in the two year period compared with 3 0% of the

women in the upper third. Retrospective studies
suggested a relation between low mineral density of
bone and hip fracture,'2'4 though its relative import-

'E score ance has been debated.5 1516 In this prospective study of
Low elderly women in residential care, although there wasan overlap between subpopulations that did and did
High not sustain a fracture, it was apparent that osteoporosis

is an important factor associated with hip fracture.
The CAPE test score was also significantly different

in the women who did and did not sustain a fracture
(p<OOOl). The differences were similar when the

198 three parts of the test (information and orientation,
98 )mental ability, and psychomotor coordination) were

examined separately, probably because they are inter-
related. Poor cognisance and osteoporosis may share a
common factor such as impaired nutrition, but in this
study they were not significantly correlated and were
independent variables.

In osteoporotic women (with a low BUA index) and
those with poor cognisance (low CAPE test score) the
incidence of fractures was12-8%, but in women with
similar degrees of osteoporosis yet good cognisance it
was only3-4% (fig 1). Women with poor cognisance
probably had a propensity to fall, and this may be
significant in relation to the incidence of hip fracture. It
probably takes a fall for an osteoporotic woman to
fracture the hip, and with good cognisance a fall is less
likely. Similarly, in women with poor cognisance but
good bone mass the rate of fractures was less than half
that in those with poor bone mass (6-2 v 12 8%, fig 1).
A fall is less hazardous for a woman with good bone

% mass than for one with osteoporosis.
We found that the 73 women who fractured their hip

were significantly more mobile than those who did not;
many of the fractures occurred in osteoporotic women
with poor cognisance who were very mobile. The less
mobile women (with scores below median mobility
score) with good cognisance (with scores above median
CAPE test score) had a low incidence of fractures,

BB UA index, irrespective of their BUA index (fig 2), perhaps
I re those above because they were less likely to fall.

This study shows that in our population of elderly
women in residential care two important factors for hip

CAPE test fracture were osteoporosis and cognisance and that
e with high they acted to some degree independently. The increas-
i low risk, ing age specific incidence of hip fracture'7 18may be

related to one or both of these factors. A subpopulation
of women may exist who, because of their high
mobility and poor cognisance, are at risk of falling, and
who risk fracture if their BUA index is low.

Dn between It would be prudent in preventing hip fractures to
;hed there- consider the problem of poor cognisance in elderly
to predict people and to attempt to reduce the risk of falls byr d also to attention to eyesight' and the environment. With the
residential predicted half a million more people aged over 75 in the
sibility and population before the end of the century, however, we
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need to deal with the problem of osteoporosis. Ideally,
we should identify the most vulnerable women at the
menopause and reduce the physiological decline in
bone mineral, without undue risk to other systems.
There is interest in ultrasound screening.20 Further
studies may show that measurement of ultrasonic
attenuation through the os calcis, although lacking the
precision oflow dose radiation techniques, may be able
to identify women at greatest risk of later sustaining a
hip fracture.

This study was made possible by the financial support of
the Department of Health. We are grateful for the coopera-
tion of the Department of Social Services; Yorkshire Regional
Health Authority locally organised research scheme; the
geriatricians, orthopaedic surgeons, and medical physics
departments in Doncaster and Hull; and for the secretarial
help of Mrs Jean Reynolds.
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Abstract
Objective-To determine the proportion ofwomen

with mild or moderate dyskaryosis in cervical smears
who (a) progress to cervical intraepithelial neoplasia
grade III or worse or (b) regress.
Design-Four and a halfyear cytological follow up

study ofwomen with mild or moderate dyskaryosis in
cervical smears.
Setting-A cytology laboratory in inner London.
Patients-666 Women (mean age 28 (SD 8) years;

range 14-74) found to have borderline, mild, or
moderate dyskaryosis on routine screening.
Results-45 Women (6.8%) had a cone biopsy

recommended on the basis of an abnormal follow up
smear (severe dyskaryosis suggestive of cervical
intraepithelial neoplasia grade III or invasive cancer),
and in one patient cervical intraepithelial neoplasia
grade III was reported in a biopsy specimen after
dilatation and curettage. Life table analysis gave a
14% probability of a patient being recommended for
a biopsy after four and a half years of follow up (95%
confidence interval 12% to 15%). There was a
significant excess incidence of invasive cancer of the
cervix in the series compared with the general
population (five cases observed compared with less
than 0-1 expected). 157 Patients (24%) showed
reversion to a normal celi pattern sustained in
several smears over more than 18 months but a single
negative smear was an unreliable indicator of
apparent regression. Having two successive smears
showing mild dyskaryosis or a smear at any time
showing moderate dyskaryosis was a significant
predictor of a subsequent severely dyskaryotic
smear.
Conclusions-Women found to have mild or

moderate dyskaryosis in cervical smears should be
kept under regular surveillance. The optimum
management of these patients-by cytology or

colposcopy-needs to be determined by randomised
controlled trials.

Introduction
Guidelines have been published for the management

of mild cervical intraepithelial abnormalities (cervical
intraepithelial neoplasia grades I and II) detected in
cervical smears.'"3 Singer recommended colposcopy for
all women with smears showing mild to severe cervical
squamous dyskaryosis or malignant cells. ' Fox
endorsed this approach but acknowledged that the
extra burden on resources might not allow it.2 If
immediate colposcopy was not available a repeat smear
in three to six months was recommended with subse-
quent referral for colposcopy and biopsy for any
dyskaryosis no matter how mild. Fox concluded:
"Compromise is inevitable with inadequate colposcopy
services in Britain, but compromise may sometimes
mean death." The impetus for that comment was a
report of 14 cases of cervical cancer in young women
with previous dyskaryotic smears.3 Tragic as those
cases were, however, they do not constitute the
scientific evidence required for guidelines.
The report of the Intercollegiate Working Party on

Cervical Cytology Screening also suggested colposcopy,
ideally for all women with dyskaryotic smears but
immediately for moderate dyskaryosis and after
a further dyskaryotic follow up smear for mild
dyskaryosis.4 Some contradictions were evident in that
report, however, which suggested immediate colpos-
copy as an ideal but also stated that the optimum
management of mild or moderate dyskaryosis was not
known.
The outcome for patients with dyskaryotic smears is

contentious. Studies have shown considerable variation
in the proportions who seemed to show neoplastic
progression or spontaneous reversion to normal and
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