
ORIGINAL ARTICLE

Performance of osteoporosis risk assessment tools in postmenopausal
women aged 45–64 years

Margaret L. Gourlay Æ William C. Miller Æ Florent Richy
Joanne M. Garrett Æ Laura C. Hanson

Jean-Yves Reginster

Received: 11 May 2004 / Accepted: 13 September 2004 / Published online: 20 November 2004
� International Osteoporosis Foundation and National Osteoporosis Foundation 2004

Abstract Osteoporosis risk factor assessment is of
uncertain utility in women under 65 years of age. Pre-
vious comparative studies of osteoporosis risk assess-
ment tools were not stratified by age. We compared the
discriminatory ability of three previously validated
osteoporosis risk assessment tools in a referral popula-
tion of postmenopausal women aged 45–64 years
(n=2539) and aged 65–96 years (n=1496) seen at a
university-based outpatient osteoporosis center in Bel-
gium. Risk scores for the Osteoporosis Self-assessment
Tool, Osteoporosis Risk Assessment Instrument, and
Simple Calculated Osteoporosis Risk Estimation were
calculated for each patient. The reference standard was
osteoporosis at the femoral neck, defined as a T-score
£ )2.5 based on bone mineral density measured by dual
energy X-ray absorptiometry. Osteoporosis was present
in 139 of 2539 (5.5%) women aged 45–64 years and 241
of 1496 (16.1%) women aged 65 years or older. The

tools had similar overall discriminatory ability to iden-
tify women with osteoporosis [area under the ROC
curve 0.750–0.768, P=0.23 for women aged 45–64 years;
area under the ROC curve 0.745–0.762, P=0.06 for
women aged 65 years or older (P>0.05 indicates no
difference among tools)]. The likelihood ratios for the
high-risk score categories ranged from 3.60 to 6.73 for
the younger women and 3.45 to 6.99 for the older wo-
men when different score thresholds were set to maxi-
mize the performance of each tool in each age group. We
conclude that the diagnostic accuracy of three osteopo-
rosis risk assessment tools was similar in postmeno-
pausal women aged 45–64 years and women aged 65
years or older. Use of structured risk assessment tools to
identify women at high risk of osteoporosis in the early
postmenopausal period warrants further study. Of the
three tools evaluated, the OST is the simplest and has
the best potential for use in clinical practice.
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Introduction

Evidence-based osteoporosis screening guidelines sup-
port bone density testing for elderly women in the US
general population, but guidelines for younger post-
menopausal women are less certain. The 2002 US Pre-
ventive Services Task Force Guidelines recommended
routine bone density testing for all women aged 65 years
or older (grade B recommendation) [1]. Based on evi-
dence that the presence of certain clinical factors (e.g.
lower body weight, hormone therapy) influences out-
comes, the Task Force extended its recommendations to
include routine screening in women aged 60–64 years
who are at increased risk of osteoporosis and fracture.
The Task Force made no recommendation for or against
routine screening in postmenopausal women younger
than age 60 years or in women aged 60 to 64 years
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without extra risk factors (grade C recommendation) [2].
Recently, peripheral DXA was found to be highly pre-
dictive of fracture risk in the National Osteoporosis Risk
Assessment (NORA) longitudinal observational study
of 200,160 postmenopausal women aged 50 years and
older recruited from primary care practices in 34 states
[3]. At baseline, 7% of the NORA cohort had osteo-
porosis and 11% had fractures of the wrist, spine, rib
and hip since age 45 years, indicating a need for better
strategies to identify and manage osteoporosis across a
wider age spectrum of postmenopausal women.

Risk factor prescreening can be used to target bone
density testing to postmenopausal women at higher risk
of osteoporosis. Several risk assessment tools have been
developed for this purpose [4–9]. The development co-
horts for the Osteoporosis Self-assessment Tool [OST]
[4], Osteoporosis Risk Assessment Instrument (ORAI)
[5], and Simple Calculated Osteoporosis Risk Estimation
(SCORE) [6] included postmenopausal women as young
as 45 years. Diagnostic accuracy measures were not
stratified by age in the original studies.

In our study, we compared the diagnostic accuracy of
the OST, ORAI and SCORE in postmenopausal white
women aged 45–64 years and aged 65 years or older in a
large clinic-based study population. We determined
whether these tools could identify osteoporosis equally
well in younger and older postmenopausal women
considered for bone density testing.

Materials and methods

Subjects

We conducted our study using data from a previously
recruited sample of 4035 eligible consecutive postmen-
opausal women aged 45–96 years [10]. The study par-
ticipants either self-referred or were referred by a
physician for a bone mineral density scan between Jan-
uary 1996 and September 1999 to an outpatient osteo-
porosis center at the University of Liege, Liege, Belgium.
The province of Liege had a population of 1,016,762 in
1998. The osteoporosis center at the university is the
major referral center in the province. Referral of the
study participants followed diagnostic suspicion of
osteoporosis by the referring physician. Premenopausal
patients and those with Paget’s disease or advanced
osteoarthritis were not eligible to participate. Informed
consent was obtained from all eligible study participants
for whom complete medical records were available. The
research protocol was reviewed and approved by the
institutional review board of the University of Liege.

Variables and risk scores

We used the following independent variables assessed by
chart review to calculate the risk scores for the OST,
ORAI and SCORE: age, weight (kg or pounds), race

(non-black race versus black race), history of rheuma-
toid arthritis, history of non-traumatic fracture of the
wrist, rib or hip after 45 years of age, and estrogen use
(never-use, ever-use or current use). Formulae for cal-
culating the risk scores in the development cohorts are
summarized in Table 1. Statistical weights used to cal-
culate the OST and SCORE were derived by modifying
linear regression coefficients to yield integer values.
Statistical weights used to calculate the ORAI were de-
rived by rounding odds ratios in the logistic regression
model to the nearest integer.

For each study participant, bone mineral density was
measured at the femoral neck by dual-energy X-ray
absorptiometry using Hologic QDR 1000, 2000 and 4500
densitometers (Hologic Inc., Waltham, Massachusetts),
which have shown very high inter-instrument correlation
coefficients in cross-calibration studies [11,12]. Patients
were randomly assigned to the different machines. All
machines were cross-calibrated and an anthropomorphic
phantom was run every morning before patients were
tested to ensure data quality. Independent research per-
sonnel who were blinded regarding the specific study
hypotheses performed the bone density tests. Results
were recorded in g/cm2, and as T-scores (standard devi-
ation from mean in normal young adults) based on the
NHANES III reference values for non-Hispanic white
women ages 20–29 years for the femoral neck [13]. In
accordance with World Health Organization criteria,
patients were considered to have osteoporosis if their
femoral neck T-score was –2.5 or below [14].

Statistical analysis

Descriptive statistics were tabulated for the entire study
cohort aged 45–96 years. Other statistical analyses were
performed separately for women aged 45–64 years and
women aged 65 years or older, including construction of
separate ROC curves and use of different threshold
scores to calculate diagnostic accuracy measures for
each age group.

We constructed receiver operating characteristic
(ROC) curves for each risk assessment tool, using osteo-
porosis of the femoral neck as the reference variable and
calculated risk score as the classification variable. The
area under the ROC curve can range from 0.5 (test offers
no information) to 1.0 (perfect test) and is higher for tests
with higher overall diagnostic accuracy.We compared the
areas under the ROC curves of the three risk assessment
tools within each age group using methods for correlated
ROC curves. We also compared the areas under the ROC
curves for a single tool across age groups, i.e. the area
under the ROC curve of each tool in women aged 45–64
years compared to the area under the ROC curve of the
same tool in women aged 65 years or older, usingmethods
for uncorrelated ROC curves.

Diagnostic accuracy measures were calculated for
each risk assessment tool using a single threshold score
to achieve approximately 90% sensitivity to detect
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osteoporosis at the femoral neck. This level of sensitivity
was suitable for the purpose of prescreening to select a
population appropriate for diagnostic testing by bone
densitometry. We used exact methods to calculate
binomial 95% confidence intervals for sensitivity and
specificity [15].

Multi-category likelihood ratios with 95% confidence
intervals (large sample approximations) were calculated
using two threshold scores to create three categories of
risk (low, intermediate, high) for each tool. LR values
further from 1.0 indicate a more useful test to discrim-
inate between patients at lower and higher risk of dis-
ease. The threshold scores were set to achieve a LR of
0.1–0.2 for the low-risk group and 5–10 for the high risk

group, since those LR ranges generate moderate shifts in
pre- to post-test probability [16]. In the case of the
ORAI, the maximum achievable LR for the high-risk
group was less than 5.

A P-value of 0.05 or less was considered significant
for all statistical tests. The Stata 8.0 software was used
for all analyses.

Results

The women ranged in age from 45–96 years with a mean
age of 61.5 years [Table 2]. All women were postmeno-
pausal and of white race. Their mean weight was 65.1 kg

Table 2 Descriptive characteristics of the study population (n=4035). BMD bone mineral density

Characteristic Ages 45–64 years (n=2539) Ages ‡65 years (n=1496) All women

Mean age, years (SD) 56.0 (5.4) 70.7 (4.8) 61.5 (8.8)
Median age, years (range) 56 (45–64) 70 (65–96) 61 (45–96)
White race, % 100 100 100
Postmenopausal, % 100 100 100
Mean weight (kg) 65.2 (12.0) 64.9 (11.6) 65.1 (11.9)
Mean femoral neck BMD, g/cm2(SD)a 0.730 (0.118) 0.657 (0.107) 0.703 (0.119)
Prevalence of osteoporosis at the femoral neck, % 5.5 16.1 9.4

aBMD T-scores for the femoral neck were calculated using NHANES III reference values for non-Hispanic white women aged 20–29

Table 1 Osteoporosis risk assessment tools analyzed in the study

Risk assessment tool calculation Characteristics of
development cohort

Threshold score
(development
cohort)

OST
0.2·(weight in kg)age), truncate to integer

Population-based sample
of 860 Asian women,
mean age 62.3 years,
100% postmenopausal

£ )1

ORA-I
Add subscores from the following three categories:
Age
>75 years
65–74 years
55–64
45–54 years
Weight
<60 kg
60–69 kg
‡70 kg
Current estrogen use
No
Yes

+15
+9
+5
0

+9
+3
0

+2
0

Population-based sample of
926 Canadian women;
mean age 62.8 years; 88%
postmenopausal, 12%
pre- or perimenopausal

‡9

SCORE
Add subscores for each of the following six factors:
Non-black race
Rheumatoid arthritis
Non-traumatic fracture
(wrist, rib, hip) after age 45 years
Age (years)
No prior estrogen therapy
Weight

+5
+4
+4 for each type of fracture,
maximum

+12
+3·first digit in age
+1

)1·pounds‚10, truncated
to integer

Clinic-based sample of
1279 US women;
mean age 61.5 years;
50% primary care,
20% endocrinology,
20% rheumatology,
10% gynecology,
100% postmenopausal

‡6
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and their mean femoral neck bone mineral density of
0.703 g/cm2 was in the osteopenic range. The prevalence
of osteoporosis was 5.5% (139/2539) among women
aged 45–64 years, 16.1% (241/1496) among women aged
65 years or older and 9.4% (380/4035) for the entire
cohort.

Mean scores for the risk assessment tools reflected
fewer osteoporosis risk factors in younger women as
compared to older women in the cohort (Table 3). For
the OST, lower scores indicate a greater number of
osteoporosis risk factors; the mean OST score was 1.6
for women aged 45–64 years and )1.0 for women aged
65 years or older. For the ORAI and SCORE, higher
scores indicate a greater number of osteoporosis risk
factors; the mean ORAI scores were 8.0 for women aged
45–64 years and 15.6 for women aged 65 years or older,
and the mean SCORE values were 7.2 and 11.7 for the
respective age groups.

The overall ability of the three tools to identify
osteoporosis at the femoral neck in the study population
subgroups did not differ significantly (Table 4). The area
under the ROC curve ranged from 0.750 to 0.768 for
women aged 45–64 years (P=0.23) and 0.745 to 0.762
for women aged 65 years or older (P=0.06). Compari-
son of the ROC curves for each tool in the uncorrelated
populations also showed no statistically significant dif-
ference in the areas under the ROC curves for the
younger group compared with the older group (P=0.82
for OST, P=0.88 for ORAI, P=0.64 for SCORE).
ROC curves were also constructed using T-score
thresholds of )1 and )2 for the reference standard. For
all three tools, the areas under the curve were lower
using these T-score thresholds than using the osteopo-
rosis threshold, indicating the tools had lower discrimi-
natory ability to identify osteopenia compared with their

ability to identify osteoporosis (data available upon re-
quest).

The sensitivities and specificities of the three tools to
detect osteoporosis at the femoral neck were similar for
the two age groups when different threshold scores were
used (Table 5). For women aged 45–64 years, the
threshold score was 1 for the OST, 8 for the ORAI and 7
for the SCORE. Specificities ranged from 39.8% to
45.0% when sensitivity was approximately 90% in the
younger age group. For women aged 65 years or older,
the threshold score was )1 for the OST, 13 for the ORAI
and 11 for the SCORE. Specificities ranged from 42.3%
to 47.5% when sensitivity was approximately 90% in the
older age group.

Likelihood ratios for each tool were comparable in
the two age groups (Table 6). The LR for high-risk
scores on the OST was 6.73 for women aged 45–64
years and 6.99 for women aged 65 years or older; the
post-test probability of osteoporosis was 28.0% and
57.3% within the high-risk categories in the respective
age groups. The LR for high-risk scores on the SCORE
was 5.61 for women aged 45–64 years and 5.62 for
women aged 65 years or older, with post-test proba-
bilities of 24.5% and 51.9%, respectively. The LR for
high-risk scores on the ORAI was 3.60 for women aged
45–64 years and 3.45 for women aged 65 years or
older, with post-test probabilities of 17.3% and 39.9%,
respectively.

The tools identified less than one-quarter of the total
number of cases of osteoporosis within the cohort when
a high-risk threshold score was used. Of the 139 women
aged 45–64 years with osteoporosis, 30 (21.6%) were
identified as high-risk by the OST, 29 (20.9%) by the
ORAI and 26 (18.7%) by the SCORE. Of the 241 wo-
men aged 65 years or older with osteoporosis, 55

Table 3 Mean risk scores in the study population, stratified by age

Risk tool Ages 45–64 years (n=2539) Ages ‡65 years (n=1496)

Mean score (SD) Range Mean score (SD) Range

OSTa 1.6 (2.4) -5 to +14 )1.0. (2.4) )10 to +18
ORAIb 8.0 (4.3) 0 to +16 15.6 (4.8) 9 to +26
SCOREb 7.2 (3.3) -8 to +18 11.7 (3.6) )11 to +32

aFor the OST, lower scores indicate a greater number of osteoporosis risk factors
bFor the ORAI and SCORE, higher scores indicate a greater number of osteoporosis risk factors

Table 4 Area under the receiver operating characteristic curves for osteoporosis risk assessment tools in postmenopausal women aged 45–
64 years versus aged 65 years or older

Risk tool Area under the ROC curve (95% CI)

Ages 45–64 years (n=2539) Ages ‡65 years (n=1496)

OST (transformed)a 0.768 (0.730, 0.806) 0.762 (0.730, 0.794)
ORAI 0.750 (0.714, 0.787) 0.747 (0.714, 0.779)
SCORE 0.757 (0.715, 0.799) 0.745 (0.712, 0.777)

aOST was transformed to (–OST) to construct ROC curves
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(22.8%) were identified as high-risk by the OST, 53
(22.0%) by the ORAI and 41 (17.0%) by the SCORE.

Discussion

The OST, ORAI and SCORE risk assessment tools
showed equivalent ability to identify postmenopausal
women aged 45–64 years and aged 65 years or older at
higher risk of osteoporosis who might benefit from bone
density testing. When different score thresholds were
used for each age group, no significant difference was
found in the diagnostic accuracy of each tool in the
younger age group as compared to the older age group.
The three tools also performed similarly when compared
to each other within the younger age group. The small
difference in performance among the three tools in wo-
men aged 65 years was not clinically meaningful and was
probably an artifact of the large size of the subgroup.

The best strategy for case finding for patients at risk
of fracture is still uncertain. However, several compar-
ative studies have indicated osteoporosis risk assessment
may be a useful strategy for prescreening patients before
bone density testing. Cadarette et al. assessed the diag-
nostic properties of the ORAI, SCORE and two other
decision rules in a population-based sample of 2365
postmenopausal women aged 45 years or older from
nine study centers in Canada [17]. Threshold scores

recommended by the developers of the decision rules
were used in this analysis. Specificity of the ORAI was
27.8% when sensitivity was 97.5% to detect osteopo-
rosis at the femoral neck; specificity of the SCORE was
17.9% when sensitivity was 99.6%. Both tools were
found to be more helpful than the National Osteopo-
rosis Foundation guidelines and a weight criterion alone
to target bone density testing in high-risk patients.
Cadarette confirmed the validity of the Osteoporosis
Risk Assessment Instrument (ORAI), Osteoporosis Self-
Assessment Tool (OST) chart and equation for identi-
fying women with asymptomatic primary osteoporosis
in a study of women aged 45 years or more from family
practices of three University affiliated hospitals [18]. A
study by Geusens et al. showed that the OST, ORAI and
SCORE identified osteoporosis similarly in postmeno-
pausal women aged 45 years or older from two US
studies and two studies in the Netherlands. When higher
threshold scores were used for the OST and SCORE and
the original threshold was used for the ORAI, specific-
ities ranged from 52% to 58% when sensitivity was
approximately 90% [19]. These studies did not analyze
for a spectrum effect across the wide age range of par-
ticipants [20]. We constructed separate ROC curves and
used separate threshold scores to assess the diagnostic
capabilities of the risk assessment tools in women aged
45–64 years and women aged 65 years or older. By
analyzing these groups in parallel, we found that the

Table 6 Likelihood ratios for low, intermediate and high-risk scores to detect osteoporosis at the femoral neck in postmenopausal women
aged 45–64 years versus aged 65 years or older

Risk tool Ages 45–64 years (n=2539) Ages ‡65 years (n=1496)

Threshold
scores

LR (95% CI) Percentage (no.)
of subjects with
osteoporosis

Threshold scores LR (95% CI) Percentage (no.)
of subjects
with osteoporosis

Background prevalence – – 5.5 (139/2539) – – 16.1 (241/1496)
OST
Low risk ‡3 0.16 (0.08, 0.34) 0.9 (7/743) ‡1 0.15 (0.08, 0.30) 2.8 (8/286)
Intermediate risk )1 to 2 1.11 (1.00, 1.23) 6.0 (102/1689) )4 to 0 0.99 (0.91, 1.07) 16.0 (178/1114)
High risk £ )2 6.73 (4.57, 9.89) 28.0 (30/107) £ )5 6.99 (4.78, 10.22) 57.3 (55/96)
ORAI
Low risk £ 6 0.18 (0.09, 0.33) 1.0 (9/887) £ 10 0.15 (0.06, 0.40) 2.8 (4/144)
Intermediate risk 7–14 1.26 (1.13, 1.40) 6.8 (101/1484) 11–20 0.93 (0.86, 1.00) 15.1 (184/1219)
High risk ‡15 3.60 (2.51, 5.17) 17.3 (29/168) ‡21 3.45 (2.51, 4.74) 39.9 (53/133)
SCORE
Low risk £ 3 0.15 (0.05, 0.46) 0.9 (3/350) £ 8 0.18 (0.09, 0.35) 3.3 (8/246)
Intermediate risk 4–12 0.96 (0.88, 1.05) 5.3 (110/2083) 9–17 1.02 (0.95, 1.10) 16.4 (192/1171)
High risk ‡13 5.61 (3.73, 8.44) 24.5 (26/106) ‡18 5.62 (3.69, 8.55) 51.9 (41/79)

Table 5 Ability of the risk assessment tools to identify osteoporosis at the femoral neck in postmenopausal women aged 45–64 years
versus aged 65 years or older

Risk tool Ages 45–64 years (n=2539) Ages ‡65 years (n=1496)

Threshold score Sn (95% CI) Sp (95% CI) Threshold score Sn (95% CI) Sp (95% CI)

OST Higher risk £ 1 89.2 (82.8, 93.8) 45.0 (43.0, 47.0) Higher risk £ )1 84.6 (79.5, 89.0) 47.5 (44.7, 50.3)
ORAI Higher risk ‡8 88.5 (82.0, 93.3) 46.2 (44.2, 48.2) Higher risk ‡13 89.2 (84.6, 92.8) 44.7 (42.0, 47.5)
SCORE Higher risk ‡7 88.5 (82.0, 93.3) 39.8 (37.8, 41.7) Higher risk ‡11 88.8 (84.1, 92.5) 42.3 (39.6, 45.1)
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diagnostic capabilities of the tools were comparable but
that fewer cases were identified in the younger age group
due to the lower background prevalence of disease.

We chose age 65 years as a dividing point in our
analysis based on the 2002 US Preventive Services Task
Force guidelines for osteoporosis screening in post-
menopausal women [1]. The Task Force found good
evidence that bone density testing accurately predicts
fracture risk in the short term and recommended routine
bone density testing after women reach 65 years of age.
For this reason, prescreening tools might be of greatest
interest for women under 65 years of age to help guide
the decision to order a bone density test. The Task Force
did not specify the exact risk factors to consider but
mentioned that weight <70 kg is the single best pre-
dictor of low bone density and that lack of current use of
estrogen has also been incorporated into the ORAI.
They found less evidence to support other individual risk
factors such as smoking, weight loss, family history,
decreased physical activity and several nutrition-related
variables.

Our study has several limitations. Most importantly,
we used different score thresholds to optimize risk tool
performance in each age group. The score thresholds
were more inclusive for the younger age group than for
the older age group, reflecting the lower prevalence of
osteoporosis and osteoporosis risk factors in the youn-
ger women. The similar performance of the tools in each
age group supports the worth of further clinical research
on osteoporosis risk assessment in postmenopausal
women across a wide age range. However, our findings
neither validate the tools for use in younger postmeno-
pausal women nor imply that the particular score
thresholds used in this study are appropriate for imme-
diate clinical application. Second, our results might not
be generalizable to women in the community, since our
study cohort was a referral population from an osteo-
porosis center and since it is possible that Belgian wo-
men may differ from US women in important dietary
(e.g. calcium intake) or health behaviors (e.g. smoking,
exercise). However, since the background prevalence of
osteoporosis in the study cohort was lower than the
estimated prevalence for US women aged 50 years and
older (third National Health and Nutrition Examination
survey, 1988–1991) [21], it is unlikely that these factors
contributed to an overestimation of the discriminatory
ability of these tools. Third, the risk assessment tools we
evaluated were developed from populations with differ-
ent characteristics from our study population (see Ta-
ble 1). The OST and ORAI were developed from
population-based samples and might be less likely to
identify patients with known important secondary cau-
ses of osteoporosis (e.g. chronic glucocorticoid therapy,
hyperparathyroidism, anorexia nervosa) who present
more often to referral centers. The SCORE was devel-
oped from a clinic-based sample that might have a
profile more similar to our referral population; however,
since our patients were all of white race, the SCORE’s
race variable could not detect extra variability of bone

density in our study population. The OST and ORAI
performed about as well as the SCORE in our study
population, indicating that age and weight (the variables
present in all three tools) were the most important fac-
tors to identify high-risk women in a variety of settings.
Finally, we cannot directly correlate risk scores with
fracture outcomes in this cross-sectional study. Al-
though validation against fracture is ideal, all three risk
tools were developed to estimate osteoporosis risk as an
easily measured surrogate of fracture risk.

We conclude that the OST, ORAI and SCORE risk
assessment tools had similar discriminatory ability to
identify osteoporosis at the femoral neck in a referral
population of postmenopausal white women aged 45–64
years compared to women aged 65 years or older. Risk
assessment can help save costs by identifying women
who have few osteoporosis risk factors and are unlikely
to benefit from bone density testing [22]. Cost-saving
strategies are important to avoid unnecessary testing in a
younger population with a lower background prevalence
of osteoporosis. We showed that the OST, ORAI and
SCORE perform similarly for younger and older post-
menopausal women when score thresholds are set to
achieve optimal test performance for each age group.
Our results suggest that further testing of these risk
assessment tools in clinical settings are warranted for
younger and older postmenopausal women.
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