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Low metacarpal index predicts hip fracture
A prospective population study of 3,561 subjects with 15 years of 
follow-up
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Background   Metacarpal index (MCI), measured from 
hand radiographs as the ratio between combined cor-
tical thickness and bone diameter, has been suggested 
for assessment of bone mass and risk of osteoporotic 
fracture. We studied MCI for its ability to predict hip 
fractures.

Methods   Hand radiographs were taken and MCI 
determined in 3,561 subjects from a representative pop-
ulation sample of 8,000 Finns who were 30 years of age 
or over in 1978–80. Record linkage to the National Hos-
pital Discharge Register identified 117 subjects who had 
been hospitalized for primary treatment of hip fracture 
by the end of 1994. 

Results   High age, low body mass index, tall stature 
and smoking at baseline showed, independently of each 
other, significant associations with low MCI. Low MCI 
was a strong predictor of hip fracture. When adjusted 
for all potential confounding factors, the relative risk 
of hip fracture per decrement of MCI by one standard 
deviation (0.1) was 1.5 (95% CI 1.2–1.8). 

Interpretation   Low MCI is associated with known 
risk factors of osteoporosis and predicts hip fracture. 
Since hand radiographs are easily available at low cost, 
measurements of MCI can be used as an alternative 
approach to find osteoporotic individuals with a high 
risk of hip fracture. 

■

The diagnosis of osteoporosis is currently based 
on measurement of bone mineral density (BMD) 
using dual X-ray absorptiometry (DXA) (Cum-
mings et al. 1990). BMD also predicts osteoporotic 
fractures with a gradient of risk ranging from about 
1.5 to 3.0 for each standard deviation decrease in 
BMD (Kanis 2002). A case-finding strategy has 
been recommended to target potentially costly 
preventive measures to those individuals who are 
at high risk of fracture (Cummings and Melton 
2002). However, DXA is not generally available in 
many countries (Bouxsein et al. 2002).

Measurement of cortical bone width and geom-
etry from plain radiographs was among the first 
methods developed for assessment of skeletal mass 
(Barnett and Nordin 1960). Recent evidence has 
suggested that metacarpal index (MCI) measured 
on radiographs might be used successfully for 
assessment of bone mass and quality, and also for 
predicting osteoporotic fractures (Dey et al. 2000, 
Hyldstrup and Nielsen 2001, Nielsen 2001, Boux-
sein et al. 2002). 

Previous studies on the relationship between 
metacarpal morphometry and fractures have been 
based on relatively small study populations, from 
limited geographical areas, or involving either men 
or women exclusively, or only narrow age ranges. 
Moreover, the studies have suffered from low rates 
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of incidence, or short follow-up periods (Cooper et 
al. 1991, Wishart et al. 1993, Dey et al. 2000, Kiel 
et al. 2001, Bouxsein et al. 2002).

We chose a large nationwide sample of both men 
and women with a wide age range to study MCI for 
its associations with known risk factors in osteopo-
rosis, and for its potential to predict hip fractures 
during a follow-up time of more than 15 years.

Methods

The study population was a stratified two-stage 
cluster sample drawn from the population register 
to represent Finnish adults aged 30 years or older 
(Aromaa et al. 1989). In the first stage, 40 repre-
sentative areas were selected. In the second stage, 
a systematic sample of inhabitants was drawn from 
each area. The sample consisted of 8,000 indi-
viduals (3,637 men) of whom 7,217 (90%) partici-
pated.

Details of the design and implementation of the 
Mini-Finland Health Survey have been described 
elsewhere (Aromaa et al. 1989). Briefly, all partici-
pants were interviewed at home and asked to fill 
in a basic questionnaire before attending a screen-
ing examination. The interview and questionnaire 
yielded essential information on health habits and 
previously diagnosed diseases. The screening phase 
comprised measurements and tests to identify sub-
jects with possible cardiovascular, respiratory or 
musculoskeletal diseases. Those with findings sug-
gestive of these diseases and a 20% random sample 
of the participants were asked to attend a clinical 
assessment, which included physical examination 
by specially trained physicians.

The basic questionnaire yielded information on 
leisure-time physical activity, categorized as low, 
moderate, and high. Self-reported general health 
was classified according to a 5-point scale: good, 
fairly good, moderate, rather poor, and poor. Self-
rated health measured in this manner has proved 
reliable in test-retest analysis (Martikainen et al. 
1999). Body mass index (weight/height², kg/m²) 
was used as a measure of relative weight. Smok-
ing history was categorized as: never smoked, ex-
smoker, current smoker of cigars, pipe or of fewer 
than 20 cigarettes a day, and current smoker of 20 
cigarettes or more a day. The basic questionnaire 

also inquired about average weekly consumption 
of beer, wine and strong beverages during the pre-
ceding month. The overall alcohol consumption 
was expressed in grams of ethanol per week. The 
level of education was considered in three catego-
ries based on the number of years of education.

Posteroanterior radiographs of both hands were 
taken from 3,595 individuals who met at least 1 
of the screening criteria for musculoskeletal dis-
eases, or belonged to the random 20% sample. 
Hand radiographs were read mainly to diagnose 
osteoarthritis (Kärkkäinen 1985). A radiologist 
read the radiographs without any information on 
the clinical findings or on metacarpal measure-
ments, which were assessed by another radiologist. 
The measurements for MCI were made to the near-
est 0.1 mm with a digital caliper, at the midpoint of 
the second metacarpal bone of the right hand (n = 
3,561) (Figure) and without any information on the 
clinical findings. The coefficients of intraobserver 
reliability were 0.91 for both the inner and outer 
cortical diameter (Kärkkäinen 1985). 

Morbidity and mortality in the cohort have been 
continuously recorded since the baseline exami-
nation. Record linkage to the National Hospital 
Discharge Register identified 117 subjects who 
had been hospitalized for primary treatment of hip 
fracture by the end of 1994. Hip fractures as pri-
mary or secondary diagnoses were defined accord-
ing to the eighth edition of the ICD, codes 820.00 
to 820.99. 

Statistics

We used the Statistical Analysis System (SAS) 
software (SAS Institute, Gary, NC) for statisti-

Assessment of metacarpal 
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cal analysis. Cross-sectional associations 
between MCI and risk factors of hip fractures 
were based on the general linear models. 
Cox’s life-table regression model was used 
to estimate the associations between MCI 
and hip fractures. Potential confounding and 
effect-modifying factors were also entered 
into the models. Significance of interaction 
was tested by entering interaction terms into 
the models. The 95% confidence intervals of 
the relative risk estimates and the likelihood 
ratio statistics (chi-squared values expressed 
as p-values) were based on the models. 

Results

At baseline, high age, low body mass index, 
tall stature and smoking were significantly 
associated, independently of each other, 
with low MCI (Table 1). 

When adjusted for all the potential con-
founding factors, low MCI strongly pre-
dicted hip fracture (Tables 2 and 3). The 
prediction of hip fractures by MCI was not 
related to the type of hip fracture (data not 
shown).

Discussion

Our results suggest that MCI, which can 
easily be determined at low cost, can be used 
to assess bone mineral status and future hip 
fracture risk. Thus, MCI may be useful for 
both epidemiological research and primary 
care, to find patients with osteoporosis.

One strength of our study is that it was based 
on a large, nationally representative health 
examination survey of people aged 30 years 
or over. Moreover, the follow-up time was 
more than 15 years, thus greatly exceeding the 
follow-up times in previous studies (Wishart 
et al. 1993, Dey et al. 2000, Bouxsein et al. 
2002). Our average MCI values were similar 
to those found in recent studies (Black et al. 
2001, Hyldstrup and Nielsen 2001). 

on hospital admissions and discharges from every 
hospital in the country. This information includes 

Table 1. Metacarpal index (MCI) by age, sex, body mass index, 
body height, educational level, smoking status, alcohol intake, 
physical activity at leisure, and self–rated general health, 
adjusted independently of each other (n = 3,561)

Determinant n Adjusted SD a P–value b

  mean 
  of MCI

Age (years) 
 30–44 979 0.63 0.09
 45–54 831 0.61 0.09
 55–64 817 0.55 0.09 <0.001
 65–74 650 0.50 0.09
 >75 284 0.45 0.09
Sex
 Male 1,547 0.57 0.09 0.9
 Female 2,014 0.57 0.12
Body mass index 
(kg/m²)
 <20 136 0.57 0.13
 20–24.9  1,305 0.56 0.11
 25–29.9 1,468 0.57 0.10 <0.001
 30–34.9  540 0.59 0.11
 ≥35.0 112 0.57 0.09
Body height (cm)
 <160 1,672 0.57 0.11
 160–180 1,593 0.57 0.10 0.01
 >180 296 0.56 0.09
Educational level (yr)
  <8  2,623 0.57 0.10
 8–12  653 0.57 0.10 0.9
 >12  285 0.57 0.10
Smoking status
  Never smoked 2,013 0.57 0.11 
 Ex-smoker 782 0.57 0.09
 Pipe, cigars or  484 0.56 0.10 0.001
 <20 cigarettes/day  
 >20 cigarettes/day 282 0.56 0.10 
Alcohol intake
(grams of ethanol/week)
 0 1,799 0.57 0.11
 1–49 1,399 0.57 0.10
 50–249 122 0.57 0.09 0.3
 ≥249 241 0.56 0.09
Physical activity at leisure 
 low 1,426 0.57 0.11
 moderate 1,686 0.57 0.10 0.3
 high 449 0.57 0.10
Self-rated general health
 good 258 0.56 0.09
 fairly good 924 0.57 0.11 
 moderate 1,591 0.57 0.10 0.7
 rather poor 648 0.57 0.11
 poor 140 0.58 0.10

n = number of subjects.
a SD = unadjusted standard deviation. 
b P–value for heterogeneity of the adjusted means of meta-
  carpal index.

The Finnish National Hospital Discharge Regis-
ter, in operation since 1967, contains information 
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the primary and secondary diag-
noses according to the ICD, 
along with a personal identifica-
tion code. Using these data, we 
were able to identify those study 
subjects who had sustained a 
hip fracture and who had been 
admitted to hospital for acute 
care since the baseline examina-
tion. In severe injuries leading to 
hospitalization, 92% to 97% of 
the diagnoses had been correctly 
registered at the three-digit level 
in the National Hospital Dis-
charge Register, as compared 
with those in the original hospi-
tal documents (Honkanen 1990, 
Luthje et al. 1995). In view of 
the above, we feel justified in 
making generalizations from our 
results. 

We found that low MCI 
strongly predicted hip fractures 
in a representative population 
sample. Similar results have been 
reported previously (Cooper et 
al. 1991, Wishart et al. 1993). In 
addition, a clear association has 
been shown recently between 
low bone mineral density mea-
sured by digital radiogrammetry, 
and hip fractures. This technique 
uses automated image analysis 
of standard hand radiographs to 
estimate bone mineral density 
(Bouxsein et al. 2002). Such an 
association, however, was not 
found between the metacarpal 
cortical area and hip fractures 
(Kiel et al. 2001), probably due 
to methodological differences 
between the measurements of the 
cortical area by Kiel et al. and 
our measurements of MCI. 

Low BMD measured by DXA 
is known to be predictive of hip 
fracture in post-menopausal 
women (Cummings et al. 1990). 
Since MCI was associated with 

Table 2. Adjusted relative risk (RR) and its 95% confidence interval (CI) of 
hip fracture by metacarpal index, age, sex, body mass index, height, level 
of education, smoking, alcohol intake, physical activity at leisure and self–
reported general health, adjusted independently of each other (n = 3,561)

 Number of  Numbers   RR 95% CI
 subjects with of subjects
  hip fracture examined

MCI decile: ≥0.70 1  357 1.0
  <0.70 3  365 1.9 0.2–19
  <0.66 2  356 1.3 0.1–14
  <0.63 7  349 2.5 0.3–21
  <0.60 7  357 3.1 0.4–26
  <0.57 11 357 4.1 0.5–32
  <0.54 10 359 3.4 0.4–28
  <0.52 14 355 3.7 0.5–29
  <0.49 21 358 3.9 0.5–31
  <0.44 42 356 6.3 0.8–49
Age (years): 30–44 1 979 1.0 
  45–54 6 831 6.9 0.8–59
  55–64 27 817 28.2 3.6–220
  65–74 51 650 79.8 10–631
  >75 32 284 158.9 19–1311
Sex: male 28 1,547 1.0 
  female 89 2,014 2.0 1.1–3.7
Body mass index (kg/m²)
 ≤20.0  6 136 1.4 0.6–3.5
 20.0–24.9  37 1,305 1.0 
 25.0–29.9  48 1,496 0.9 0.6–1.4
 30.0–34.9  23 540 0.9 0.5–1.6
 ≥35.0  3 112 0.6 0.2–2.1
Height a: short 75 1,672 1.0
  average 37 1,593 1.2 0.8–1.7
  tall 5 296 2.7 1.0–7.4
Level of education
  <8 years  98 2,623 1.0 
 8–12 years  14 653 1.0 0.6–1.8
 >12 years   5 285 1.4 0.5–3.7
Smoking status
  Never smoked 81 2,013 1.0  
 Ex-smoker  20 782 1.5 0.8–2.8
Pipe, cigars or  
 <20 cigarettes/day 11 484 1.3 0.6–2.7
 ≥20 cigarettes/day 5 282 1.6 0.6–4.8
Alcohol intake
(grams of ethanol/week)
 0  88 1,799 1.0  
 1–49  21 1,399 0.7 0.4–1.3
 50–249  3 122 2.2 0.6–7.8
 ≥249  5 241 2.1 0.7–5.8
Physical activity at leisure 
 low  73 1,426 1.0
 moderate  35 1,686 0.7 0.5–1.1
 high  9 449 1.1 0.5–2.2
Self–rated general health
 good  2 258 1.0 
 fairly good  14 924 1.3  0.3–5.9
 middling  49 1,591 2.0 0.5–8.3
 rather poor  36 648 3.3 0.8–14
 poor  16 140 6.8 1.5–31

a The criteria of shortness for men and women were < 170 and < 160 cm, 
respectively; and for tallness, ≥ 180 and ≥ 170 cm, respectively.
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several risk factors of osteoporosis, such as high 
age, tall stature, low body mass index and smok-
ing (Kanis 2002, Kröger et al 1994), it can also be 
expected to be associated with osteoporosis.

In DXA measurements, BMD depends to a great 
extent on bone size, whereas MCI is not affected 
by this (Hyldstrup and Nielsen 2001). Also, MCI 
is not dependent on calibration and measurement 
scales between instruments. Thus, MCI might 
prove preferable to DXA for comparisons between 
different populations (Dequeker 1976). Further-
more, MCI can be measured from any appropri-
ate hand radiograph, thus enabling estimations of 
cortical bone loss from sets of successive earlier 
radiographs (Nielsen 2001). MCI may be a practi-
cal method for assessment of bone mineral status 
and fracture risk in developing countries, because 
of limited availability of DXA. WHO has estimated 
that in a few decades, most hip fractures will occur 
in developing countries. 

The reduction in cortical bone mass with age and 
time since menopause in women results from both 
progressive intracortical porosity and reduction in 
cortical thickness (Iwamoto et al. 1998). However, 
increased bone loss after menopause is also asso-
ciated with increased periosteal apposition, which 
partially preserves bone strength (Ahlborg et al. 
2003). In women, bone loss occurs when a greater 
volume of bone is removed than is replaced in cor-
tical layers of bone, because estrogen deficiency 
inhibits the periosteal apposition (Seeman 2003). 
MCI is therefore subject to changes resulting from 
bone resorption and remodeling. 

MCI appears to have potential for use both in 
epidemiological studies and in clinical practice. 
We recommend that MCI should be determined 

in a patient if osteoporosis is suspected based on 
other risk factors. However, further studies are 
needed to establish cut-off values of MCI, in order 
to enable the clinician to decide whether a given 
patient should undergo further evaluation or not.
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