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Are distal radius fractures due to fragility or to falls?
A consecutive case-control study of bone mineral density, tendency to 
fall, risk factors for osteoporosis, and health-related quality of life
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Background   A fracture of the distal radius is consid-
ered to indicate an increased risk of future fractures, 
especially a hip fracture. The main causes may be osteo-
porosis or a tendency to fall, separately or in combina-
tion.

Methods   93 women and 5 men with a recent radius 
fracture and the same number of controls were mea-
sured with a heel-DXL and asked to complete one ques-
tionnaire on their quality of life (SF-36), and one on risk 
factors. 

Results   The mean T-score of the patients was –2.1, 
and for the controls it was –1.9 (p = 0.3). The patients 
aged over 64 years had a history of falling more often 
than the corresponding controls (p = 0.01), but there 
was no difference in T-score. By contrast, patients 45-64 
years of age showed a non-significant, lower T-score (p = 
0.09), but there was no difference concerning their his-
tory of falling. For all other risk factors, no differences 
were found between the patients and the controls. There 
were significant differences between the patients and the 
controls in some of the functions in the SF-36, due to the 
radius fracture. 

Interpretation   This study indicates that the underly-
ing cause of a distal radius fracture may be different in 
patients aged 45–64 years and those who are more than 
64 years old.

■

An early, peripheral low-energy fracture is con-
sidered to be a strong indication of osteoporosis 
(Earnshaw et al. 1998) with a risk of further frac-

tures. Patients with a distal radius fracture have 
been found to carry twice the risk of a later frac-
ture of the hip (Cuddihy et al. 1999). The increased 
risk of a subsequent fracture remained even when 
bone loss (low bone mineral density, BMD) as a 
risk factor was eliminated, indicating additional 
risk factors (Cummings et al. 1995).

Young and Myers (2001) listed not fewer than 
13 risk factors for a future hip fracture, osteoporo-
sis being only one of them. They also found that as 
the number of risk factors increased, the frequency 
of fractures also increased. This makes effective 
and individually adapted preventive strategies 
necessary.

A low-energy distal fracture of the radius pro-
vides an important opportunity to offer the patient 
a review of risk factors for further fracture. Several 
authors have shown a marked frequency of osteopo-
rosis in these patients (Earnshaw et al. 1998, Tuck 
et al. 2002, Jutberger et al. 2003). Thus, efforts 
aimed at prevention have concentrated on the need 
to diagnose osteoporosis and initiate treatment 
(Jutberger et al. 2003). Considering the numerous 
risk factors described by Young and Myers (2001), 
further knowledge of additional factors that can 
contribute to a low-energy distal radius fracture is 
needed.

Nordell et al. (2003) found lower health-related 
quality of life (HRQoL) scores in patients with a 
distal radius fracture than would be expected from 
Swedish normative data, a finding that was con-
sidered to indicate underlying co-morbidity and 
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Patients and methods

All patients at Sunderby Hospital, Luleå, Sweden, 
who sustained a distal radius fracture after a low-
energy trauma during December 2003 through 
December 2004, were invited to a follow-up exam-
ination at the Department of Orthopedics 10 days 
after sustaining their fracture, to participate in the 
study. The basic data for each patient were col-
lected from the orthopedic medical records. The 
controls were selected randomly from the popu-
lation register of Norrbotten County. They were 
matched against the patients with respect to age, 
sex, and municipality of residence. 2 controls for 
each patient were selected using the random gen-
erator in SPSS version 10.1. If both controls agreed 
to participate, the one whose date of birth was clos-
est to that of the patient was chosen as the control 
subject. The subjects gave their informed consent 
before participation in the study. The study was 
approved by the Research Ethics Committee of 
Umeå University.

The subjects 

The 98 patients (93 women and 5 men; mean age 
66 and 77 years, respectively) who met the inclu-
sion criteria but not the exclusion criteria, par-
ticipated in the study. The inclusion criteria were: 
women born in 1958 or earlier (i.e. 45 years of age 
or older on December 31, 2003), men born in 1938 
or earlier (i.e. 65 years of age or older on Decem-
ber 31, 2003), living in their own homes, and who 

had had a fall in the same plane resulting in a distal 
radius fracture. The exclusion criteria were demen-
tia, or impairment of mental or physical health 
that prevented the subjects from providing cor-
rect information or completing the questionnaires 
at home. Both the patients and the matched group 
of controls were invited to a measurement of their 
BMD. The invitation included the questionnaire on 
quality of life (SF-36), and the questionnaire on 
risk factors (Appendix 1). The subjects completed 
both questionnaires at home and returned them at 
the time of their BMD measurement. Patients with 
osteopenia or osteoporosis according to the BDM 
measurement were referred to the primary care ser-
vice. Baseline data are shown in Table 1. 

Measurement of BMD with the heel-DXL 
Calscan

BMD (in g/cm2) was measured with a dual X-
ray and laser technique, the DXL Calscan device 
(Demetech AB, Stockholm, Sweden). The results 
are shown as T- and Z-score values of the left cal-
caneus. Several researchers have shown that heel 
DXL can be used in the measurement of BMD 
according to the WHO criteria for the diagnosis of 
normal BMD, osteopenia and osteoporosis (Haku-
linen et al. 2003. Kullenberg and Falch 2003). 

The health survey questionnaire, short form 
(SF-36) 

Health-related quality of life was investigated with 
the SF-36 questionnaire (Persson et al. 1998). Also, 

Table 1. Baseline data for patients and for controls who were matched 
for sex, age, and county of residence 

 Women Men 
 Patients Controls Patients Controls
 (n = 93) (n = 93) (n = 5) (n = 5) 

Age (year)    
 mean 66  66 77 77
 range 47–94 47–94 70–85 70–85
Height (cm)    
 mean 161 162 167 177
 range 141–180 145–178 165–169 172–180
Weight (kg)    
 mean 66 66 74 77
 range 33–96 37–92 67–88 72–85

BMD (g/cm2)    
 mean 0.35 0.36 0.54 0.44
 range 0.11–0.53 0.13–0.56 0.43–0.65 0.30–0.54

low physical activity. The tendency 
to fall is more common in unhealthy 
and physically inactive people, and is 
one of the most important risk factors 
in low-energy fracture (Hayes et al. 
1993, Schwartz et al. 1998, Palvanen 
et al. 2000).

We compared the frequency of risk 
factors for low-energy fracture and 
BMD, and also HRQoL, in patients 
who suffered a distal radius fracture 
after a low-energy trauma, with a 
control group matched on the basis 
of age, gender, and municipality of 
residence.
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physical health (PCS) and mental health (MCS) 
were assessed.

The questionnaire concerning risk factors 

This questionnaire contains 11 “yes or no” ques-
tions established by the Swedish Medical Prod-
ucts Agency (Appendix 1). The questions address, 
amongst other things, loss of body height and 
weight compared to the values at the age of 25, 
previous forearm or vertebral fractures, tendency 
to fall, smoking habits, and medical treatment for 
certain diseases (e.g. rheumatoid arthritis). We also 
asked about heredity; in other words, whether the 
patient’s mother or father had had a hip fracture. 

Missing cases

19 patients, 15 women (mean age 72) and 4 
men (mean age 79), and 29 controls (mean age 
69), declined their invitation to participate in the 
study—mainly because of lack of time and interest. 
There were 27 controls matched to these patients 
on the basis of age, sex, and county of residence 
who were measured and who answered the ques-
tionnaires. They did not, however, participate in the 
investigation as they became supernumerary when 
the corresponding patients with a distal radius frac-
ture did not respond to their calls and did not come 
to the BMD measurement. 10 patients (mean age 
66 (52–81)) and 14 controls (mean age 68 (52–94)) 
declined to participate in the BMD measurement, 
but submitted both of their questionnaires. Finally, 
3 female patients failed to hand in the question-
naires. On average, 8% of the answers in the ques-
tionnaires were missing. These cases are shown as 
part of the results (as missing cases).

Statistics

The analyses were computed using SPSS version 
10.1 software. The independent samples t-test, and 
Fisher’s exact test were used for statistical analysis 
where appropriate. The level of significance was 
set at 0.05. The questions in the SF-36 question-
naire were investigated according to SF-scoring 
instructions because these issues were not studied 
one by one, but by the score based on the whole 
battery of questions. 

Results

Bone mineral density (BMD) and T-score

There were no significant differences in the mean 
T-score or Z-score between the patients and the 
controls (Table 2). The T-scores indicated the pres-
ence of osteopenia in 49% of the patients and in 
38% of the controls, while 25% of both the patients 
and the controls were found to have osteoporosis 
according to the WHO criteria (Table 3). When the 
female subjects were divided into 2 groups accord-
ing to age (45–64 years and 65 and over), in the 
lower age group there was a trend towards a lower 
T-score compared to the controls (p = 0.09), while 
in the older age group there was no appreciable 
difference in T-score between patients and controls 
(Table 3).

The 36-item short form (SF-36)

The mean score (min/max 0–100) for the factor 
Bodily Pain (BP) was 52 for the patients and 63 
for the controls (Figure). A difference was found 
between the patients and the controls according to 
Role-Physical (RP) (p < 0.001), BP (p = 0.002) and 
Physical Component Summary (PCS) (p = 0.003). 
In the subjects with normal BMD, the patients had 
lower values for RP than the controls (p = 0.02). In 
the group with osteopenia, the patients had lower 
values for RP and BP (p < 0.001 and p = 0.005). 
No significant differences were found in the group 
with osteoporosis. 

The questionnaire dealing with risk factors

There were no significant differences between the 
patients and the controls concerning the following 
risk factors: previous fracture, loss of body height, 
cigarette smoking, or heredity—indicated by a 
parent with a hip fracture. However, there was a 

Table 2. The descriptive mean T-score and mean Z-
score of BMD for all patients (n = 88) and all the controls 
(n = 88) assessed by the heel-DXL measurement

 Patients Controls
 mean SD mean SD

T-score –2.1 1.0 –1.9 1.1
Z-score –0.8 0.9 –0.6 1.0

The independent samples t-test. 
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difference between the patients and the controls 
aged 65 years or older regarding the incidence of 
more than one fall in the previous year (p = 0.01, 
Fisher’s exact test), but no such difference was 
found in the 45–64-year age group (Table 4). 

Discussion

This consecutive case-control study has shown 
that osteoporosis and osteopenia are common in 
the elderly, as common in those with a low-energy 
distal radius fracture as those in a control group 
matched for age, sex and municipality of residence. 
The similar values of BMD in the patients and con-
trols indicate that other factors are responsible for 
the fracture, i.e. an increased tendency to fall. Pal-
vanen et al. (2000) showed that typical low-energy 
upper extremity fractures in the elderly had their 
typical injury mechanism, and that a tendency to fall 
was the most important risk factor. This is in agree-
ment with our results, which indicate an increased 
tendency to fall in patients over 65 years old with 

Table 3. The mean T-score differences (the WHO criteria) between the female patients (n = 84) 
and the controls (n = 80) assessed by heel-DXL measurement. The subjects were divided into 
classes according to age

Age group  No. of  T-score  No. of T-score  Mean difference P-value
(years) patients mean     SD  controls mean    SD  in T-score 
        
45–64 39 –1.77 0.80 37 –1.44 0.87 –0.33 0.09 
≥ 65 45 –2.35 1.14 43 –2.30 1.18 –0.04 0.9 

The independent samples t-test. 

Figure 1. The mean scores according to the SF-36 for the 
patients (n = 88) and the controls (n = 84). All the items 
in the questionnaire are expressed: PF (Physical Func-
tion), RP (Role- Physical), BP (Bodily Pain), GH (General 
Health), VT (Vitality), SF (Social Function), RE (Role-
Emotional) and MH (Mental Health), each with a score 
between 0 and 100. The sum indices of related subscores 
PCS (Physical Health) and MCS (Mental Health) are also 
shown.
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Table 4. Breakdown of the rate of patients (n = 87) and controls (n = 82) who had more 
than 1 fall during the previous year. The subjects were divided into classes according 
to age

Age group Patients rate Controls rate Total rate P-value 

45–64 Yes 10 0.3 7 0.2 17 0.2
 No 29 0.7 30 0.8 59 0.8
 Total 39  37  76  0.6 

≥65 Yes 21 0.4 8 0.2 29 0.3
 No 27 0.6 37 0.8 64 0.7
 Total 48  45  93  0.008 

Fisher’s exact test.
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a radius fracture. This was the only significant 
difference when these patients were compared to 
their matched controls. Our results are also similar 
to those of Lee et al. (2002), who studied patients 
with a fracture of the proximal humerus and identi-
fied 4 predictors for fall-induced injury: a previous 
fall, a low level of physical activity, impaired bal-
ance, and pain in the lower extremity.

Unfortunately, the kind of fall—forward or back-
ward, outdoors or indoors—was not documented 
in our study. Nevitt et al. (1993) found that patients 
with a distal radius fracture were more likely to fall 
forwards or backwards, whereas those with a hip 
fracture were prone to fall sideways. Palvanen et 
al. (2000) reported that patients who sustained a 
proximal humerus, elbow, or forearm fracture had 
fallen diagonally forward.

Stone et al. (2003) stated that BMD predicts 
fractures modestly and that low BMD is not a sig-
nificant risk factor for a distal radius fracture, and 
Hayes et al. (1993) criticized the prevailing view 
that most hip fractures are the consequence of age-
related bone loss or osteoporosis. They showed 
that an increased tendency to fall is the major risk 
factor for fractures in the elderly. Several authors 
have stressed the importance of reducing risk fac-
tors for falls, in combination with exercise and 
increased mobility to reduce the incidence of hip 
fractures (Greenspan et al. 1994, 1998, Schwartz 
et al.1998, Young and Myers 2001). Nordell et al. 
(2005) stressed the importance of screening for fall 
and fracture risk, and of targeted preventive mea-
sures for patients with a distal forearm fracture, 
even when they appear to be healthy.

By contrast, in our patients aged 45–64 with a 
radius fracture, there was no significant difference 
in the incidence of previous falls compared to the 
corresponding controls. A lower, but not statisti-
cally significant T-score was noted, however. This 
is similar to the results of Earnshaw et al. (1998), 
who showed that osteoporosis was more common 
than expected in patients under the age of 65 with 
a distal radius fracture, but not in patients over 
65 years old. In the UK, a study on men with a 
distal radius fracture showed that they had a lower 
BMD than their healthy controls (Tuck et al. 2002). 
Kelsey et al. (2005); the authors suggested that 
factors that protect against bone loss are likely to 
protect against distal radius fracture. According 

to our results and those of Earnshaw et al. (1998), 
this might only be true for patients under the age 
of 65.

We did not find any significant differences 
between our patients and corresponding controls 
with regard to other risk factors such as a previous 
fracture, loss of body weight, heredity, or physical 
inactivity. Kannus et al. (2000) showed a continu-
ous increase in pelvic fractures related to osteopo-
rosis in Finland. They concluded that this could 
not be due only to demographic changes, and they 
recommended urgent, effective preventive mea-
sures related to risk factors such as falling, high 
consumption of alcohol, smoking, and inactive life 
style. In our study the same proportion of patients 
and controls smoked cigarettes. Smoking is a risk 
factor for both osteoporosis and fractures. In 70-
year-old women who are smokers, the risk of hip 
fracture increases by 41% compared to nonsmoking 
70-year-old women (Law and Hackshaw 1997). 

Health-related quality-of- questionnaires have 
been used previously to investigate different aspects 
of the clinical outcome after a distal radius fracture 
(McDermid et al. 2000). We found significantly 
lower values in the SF-36 evaluation of Role-
Physical in patients with a distal forearm fracture 
and normal BMD or osteopenia. This difference 
can be ascribed—least in principle—to the radius 
fracture. There was, however, no significant differ-
ence between the patients with osteoporosis and a 
radius fracture and the controls with osteoporosis. 
This may indicate that among those with osteo-
porosis, other health-related problems are more 
important for their quality of life than the radius 
fracture. Nordell et al. (2003) recommended that 
women with low SF-36 scores should be referred 
for a health review in order to prevent further falls 
and increased functional impairment.
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Appendix 1

Do you suffer from fragility of the bones? – Test yourself
Risk factor analysis for bone fragility
Please answer the following questions 
by ticking the appropriate box for Yes or No

1. Has your height decreased by more than 
3 cm of your height when you were 25? 

2. Have you ever suffered a vertebral frac-
ture? 

3. Have you had a hip fracture in adult life? 

4. Have you had a fracture of any of the 
bones of the arm due to a fall or light 
trauma? 

5. Have you suffered any fractures due to a 
fall or light trauma in adult life—in particu-
lar, a fracture of the ribs, of the lower leg, 
or of the ankle? 

 
6. Have you, at any time, been on cortisone 

medication for more than three months? 

7. Have you lost more than 10 kilos com-
pared to what you weighed when you 
were 25 years old? 

8. Do you smoke, or have you ever smoked 
for a period of more than ten years? 

9. Did either of your parents suffer a hip 
fracture? 

10. Have you fallen more than once during the 
past year? 

11. Are you on medication for any of the fol-
lowing diseases?

  Rheumatoid arthritis 
  Cushing’s syndrome 
  Goitre 
 Inflammatory disease of the intestines 
  Marked impairment of kidney function 

Name: _______________________________________

Date of birth and social security number:

________________________________

Current body weight: _______ kg 

Height: _______ cm

For women: your age at menopause: __________
 


