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Abstract

Background
Falls in older people are common and people who have fallen once are 
likely to fall again. Because of the frequent co-morbidity (e.g. osteoporosis) 
these people are suscep� ble to injury. The CAREFALL Triage Instrument 
(CTI) is an evidence based ques� onnaire that has been developed for 
secondary fall-preven� on in older people. It includes ques� ons to assess 
the risk of osteoporosis. The Dutch Ins� tute for Healthcare Improvement’s 
‘Osteoporosis’ guideline includes a formula that uses the same ques� ons 
to calculate the 10-year fracture risk. Osteoporosis can also be measured 
with the Dual energy X-ray and Laser absorp� ometry of the calcaneus (DXL 
Calscan). 

Objec� ve
This study aimed to assess a correla� on between the 10-year fracture risk as 
assessed by the CTI and the outcome of the DXL Calscan.

Methods
Older persons were contacted by mail and invited to a touring, mobile fall-
preven� on and interven� on program. All par� cipants in the study underwent 
a DXL Calscan and fi lled out the CTI. A DXL Calscan T-score of less than minus 
2.5 indicated osteoporosis. The 10-year fracture risk was calculated using 
the CTI-osteoporosis ques� ons and the formula from the ‘Osteoporosis’ 
guideline. 

Results
We included 177 older persons (par� cipants), of which 95 were female 
(53.7%), with a median age of 78.0 years (Table 2). Over 70% had a history of 
recurrent falls. Half of the par� cipants (88/177) reported one or more factors 
that contribute to the 10-year risk of sustaining a hip-, vertebral-, or wrist 
fracture. The median 10-year risk of a hip fracture was 5.3%. The median 
10-year risk of a vertebral fracture was 4.7%. The median 10-year risk of 
a wrist fracture was 2.2%. Females had a higher 10-year fracture risk than 
males. According to the DXL Calscan, 76 people had osteoporosis. There was 
a signifi cant correla� on between the DXL Calscan’s T score and the predicted 
10-year fracture risk. 
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Conclusion
There is a signifi cant correla� on between the 10-year fracture risk based on 
the CTI and the results of the DXL Calscan. The CTI and DXL Calscan combine 
secondary fall-preven� on and osteoporosis assessment and may be suitable 
for use in any Emergency Department. 
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Introduc� on

Slips, trips, and falls from standing posi� on are one of the most common and 
serious threats to older persons (i.e. aged 65 years or older). Every year many 
older persons present to Emergency departments (ED) a� er they have fallen.1 
Those whom have sustained one fall, are at risk of falling again.2 In these older 
persons, the high incidence of falls goes hand in hand with a high suscep� bility 
to injury. Twenty-seven percent are hospitalized, commonly due to a fracture 
(79%).1 In addi� on, falls in older persons are associated with reduced physical 
func� oning, premature nursing home admissions, and even death.3-5,6,7 The 
reasons for these adverse outcomes include the high prevalence of co-morbid 
disease and age-related physiological deteriora� on. 
Over the years, mul� ple evidence-based guidelines for fall-preven� on have 
been formulated.8,9 These guidelines, however, were not incorporated in 
ques� onnaires for daily clinical prac� ce, for instance at the ED. The CAREFALL 
Triage Instrument (CTI) is an evidence-based and validated self-assessment 
ques� onnaire that was developed to fi ll this niche.10 The purpose of the CTI is 
to iden� fy modifi able risk factors for recurrent falls by older persons. The risk 
factors are: ‘medica� on’, ‘balance and mobility’, ‘fear of falling’, ‘orthosta� c 
hypotension’, ‘mood’, ‘impaired vision’, ‘urinary incon� nence’, and ‘high-risk 
of osteoporosis’
Most fractures due to a fall occur in older people with osteoporosis. At 
the same � me, osteoporosis is in poten� on a modifi able risk factor, since 
preven� onal treatment is available. In order to calculate the risk of an 
osteoporo� c fracture, the Dutch Ins� tute for Healthcare Improvement 
(Dutch: CBO) included special tables in the na� onal guideline ‘Osteoporosis’. 
The ques� ons that contribute to the calcula� on of this fracture risk are 
incorporated in the ques� ons of the CTI concerning the modifi able risk factor 
‘high risk of osteoporosis’.
Although the risk of osteoporosis or a fracture is o� en based on predic� on 
rules derived from prospec� ve cohort studies among community-dwelling 
older persons or high risk groups, the preferred method for assessment of 
osteoporosis is direct measurement of the bone mineral density. The golden 
standard is the Dual Energy X-ray Absorp� ometry (DXA) bone mineral density 
scan.11,12 The DXA scan uses X-rays to assess the bone mineral density. 
However, DXA scanners are voluminous and not readily available. In addi� on, 
the results of the DXA may be infl uenced by so�  � ssue thickness.13,14 In recent 
years, the Dual energy X-ray and Laser absorp� ometry of the calcaneus (DXL 
Calscan) has been developed and tested.13-15 The DXL Calscan is smaller and 
more easy to handle than the DXA devices. Moreover, the DXL Calscan uses 
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laser beams to measure heel thickness. The reliability and validity compared 
with the DXA is high.16 

In a pa� ent with suspected osteoporosis, both risk assessment by a predic� on 
rule and by a bone mineral density scans are available to assess the risk of 
osteoporosis. However, it is unknown if there is a correla� on between the 
two assessment tools. 

Objec� ve
To study a correla� on between the 10-year fracture risk as assessed by the 
CTI and the outcome of the calcaneus bone density scan. 

Pa� ents and Methods

Pa� ents 
Older persons, all clients of a health insurance company, were contacted 
by mail and invited to a touring, mobile fall-preven� on and interven� on 
program. The par� cipants entered the program between October 1, 2007 
and December 31, 2008. Within the fall-preven� on and interven� on 
program, the CAREFALL Triage Instrument (CTI; see below) was used to assess 
modifi able risk factors for recurrent falls. The DXL Calscan was used to assess 
the bone mineral density and to objec� fy the presence of osteoporosis. All 
par� cipants in the study underwent a Calscan and fi lled out the CTI. This 
study was approved by the Ins� tu� onal Review Board of the Amsterdam 
Medical Center.

The CAREFALL Triage Instrument (CTI)
The Dutch Falls preven� on Collabora� on developed and validated the CTI.10 
It contains 44 items covering the frequency of falling, the circumstances of 
the fall, fall history and modifi able risk factors for falling. Based on these 
ques� ons, the CTI can iden� fy eight modifi able risk factors: ‘medica� on’, 
‘balance and mobility’, ‘fear of falling’, ‘orthosta� c hypotension’, ‘mood’, 
‘impaired vision’, ‘urinary incon� nence’, and ‘high-risk of osteoporosis’ as a 
modifi able risk factors for bone fractures. 
One of these modifi able risk factors is a ‘high risk of osteoporosis’. This risk 
factor was the product of fi ve items: ‘any fracture a� er the 50th birthday’, 
‘fractured (collapsed) vertebrae’, ‘mother with hip fracture’, ‘low body 
weight’, ‘severe immobility’ (i.e. ≥20/24 hours in bed), and ‘cor� costeroid 
use’. Five of these ques� ons were used to calculate an addi� onal risk score 
for sustaining fractures according to the Dutch Ins� tute for Healthcare 
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Improvement (Dutch: CBO) guideline ‘Osteoporosis’ (see Table 1).12 This risk 
score was used to calculate the 10-year risk of sustaining a hip fracture, a 
vertebral fracture and a wrist fracture in both men and women.

The Calscan
A� er comple� ng the CTI, all par� cipants underwent DXL Calscan. The DXL 
Calscan results are expressed a T-scores and Z-scores. The T-score is the 
standard devia� on of the bone density of the subject compared with someone 
of approximately 35 years old. The Z-score is the standard devia� on of the 
bone density of the subject compared with the average bone density at the 
subjects age. A T-score less than minus 2.5 indicates osteoporosis.16

Sta� s� cal analysis
Sociodemographic data were expressed as percentages for categorical data, 
as mean and standard devia� on (SD) for normally distributed numerical 
data, and as median, range, and - where appropriate - inter-quar� le range 
(IQR=25 to 75%) for non-normally distributed numerical data. The Chi2 test 
was used to analyze the diff erences in dichotomous variables between 
groups. The Fisher’s exact test was used when small groups were involved. 
The Students T test was used to analyze diff erences in normally distributed 
con� nuous variables between groups. The Mann-Whitney U test was used 
for not-normally distributed variables. Correla� on between variables was 
assessed with the Pearson correla� on for normally distributed variables and 
the Spearman correla� on for non-normally distributed variables. 
Outcome measures were the agreement between the 10-year fracture risk 
assessments and the results of the CTI. Secondary outcome measures were 
risk factors for recurrent falls as well as the 10-year risk of sustaining a hip 

Items Score 

Traumatic  fracture after 50th birthday 1

Collapsed vertebrae 2

Low bodyweight 1

Severe immobility 1

Corticosteroid use 1   +

Risk score total: 

Table 1. Risk score calcula� on.9
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fracture, a vertebral fracture and a wrist fracture in men, women, and the 
diff erence between them. 
Data were analyzed using the Sta� s� cal Package for the Social Sciences (SPSS®) 
version 15.0.2 (SPSS Inc., Chicago, Illinois; United States of America). 

Results

We included 177 older persons (par� cipants), of which 95 were female 
(53.7%), with a median age of 78.0 years (Table 2). Almost all par� cipants 
were Caucasian and the majority had their right foot scanned. 

Patiënt characteristics

Age med (IQR) 78.0 (73.0 - 83.0)

Female n (%) 95 (53.7)

Caucasian n (%) 171 (96.6)

Recurrect falls n (%) 126 (71.2)

Risk factors CTI

Balance and mobility n (%) 153 (86.4)

High risk of Osteoporosis n (%) 74 (41.8)

Impaired vision n (%) 22 (12.4)

Medication n (%) 70 (39.5)

Orthostatic hypotension n (%) 62 (64.4)*

Fear of falling n (%) 12 (7.3)

Urinary incontinence n (%) 86 (48.6)

Mood n (%) 29 (16.4)

Sum of risk factors per individual. med (IQR) 3 (2 - 5)

Calscan

Right foot n (%) 157 (88.7)

T-score mean (SD) -2.3 (0.9)

Z-score mean (SD) 0.8 (0.8)

Table legend: med: median; IQR: inter quartile range; n: number;SD: standard deviation; *41.8% miss
score: subjects bone density compared with someone of approx 35 years old; Z-score: subjects bone d
compared with average bone density at the subjects age.

Table 2. Pa� ent characteris� cs, risk factors, and calscan results.



158

Almost three-quarters of the par� cipants (71.2%) had a history of recurrent 
falls. The most prevalent risk factors for recurrent falls were ‘balance and 
mobility’ (86.3%) and ‘urinary incon� nence’ (48.6%). Few par� cipants 
reported ‘fear of falling’ (7.3%). 
Half of the par� cipants (88/177; 49.7%) reported one or more factors that 
contribute to the 10-year risk of sustaining a hip-, vertebral-, or wrist fracture 
(Table 3). The most prevalent contribu� ng factor was a vertebral fracture 
(27.1%). None of the par� cipants reported being in bed for 20 hours or more 
per day. There were signifi cantly more female par� cipants that had sustained 
a fracture a� er their 50th birthday. Forty-fi ve of these 88 par� cipants (51.1%) 
were diagnosed with osteoporosis. 

The median 10-year risk of sustaining a hip fracture was 5.3%. The median 
10-year risk of sustaining a vertebral fracture was 4.7%. Finally, the median 
10-year risk of sustaining a wrist fracture was 2.2% (Table 4). The 10-year 
fracture risk was signifi cantly higher in female par� cipants than in male 
par� cipants. This accounted for the hip fractures, vertebral fractures, and 
wrist fractures. 

Total Female Male P-value

n (%) n (%) n (%) F vs. M

Traumatic fracture after 50th birthday 34 (19.8) 24 (25.3) 10 (12.2) 0.028

Collapsed vertebrae 48 (27.1) 31 (32.6) 17 (20.7) 0.061

Hip fracture mother 12 (6.8) 6 (6.3) 6 (7.3) 0.734

Low bodyweight 35 (19.8) 22 (23.2) 13 (15.9) 0.244

Severe immobility 0 - 0 0

Corticosteroid use 14 (7.9) 7 (7.3) 7 (8.5) 0.744

Table legend: n: number;%: percentage of total cohort (n=177); P-value: Males versus Females. 

Table 3. The prevalence of factors that contribute to the CTI-based 10-year fracture risk 
predic� on.

Total Female Male P-value

medi (IQR) med (IQR) med (IQR)

10-year risk of hip fracture 5.3 (3.9 – 14.3) 5.8 (5.3-19.1) 3.9 (2.1-7.8) <0.001

10-year risk of vertebral fracture 4.7 (2.1 – 11.6) 8.1 (4.7-15.4) 2.1 (1.9-4.9) <0.001

10-year risk of wrist fracture 2.2 (0.7 – 5.6) 4.0 (3.6-7.8) 0.7 (0.5-1.5) <0.001

Table legend: med: median; IQR: inter quartile range; n: number; P-value: Female vs. Male.  

Table 4. The CTI-based 10-year fracture risk predic� on in females and males.
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The results of the Calscan revealed that 76 par� cipants (42.9%) had 
osteoporosis. The CTI based 10-year predic� on of a hip fracture, vertebral 
fracture, or wrist fracture was signifi cantly higher in par� cipants with 
osteoporosis (i.e. a Calscan T-score <-2.5 SD) (Table 5). Furthermore, as 
indicated in Figure 1, the risk of hip, vertebrae and wrist fracture increased 
equally as bone mineral density decreased. The Calscan’s Z-score did not 
correlate with the fracture risk. 

 

Table legend: T-score: subjects bone density compared with someone of approx. 35 years old; SD: Standard deviation.  

No osteoporosis 
(T-score > -2.5SD)

Osteoporosis 
(T-score < -2.5 SD)

Odds ratio P-value

n = 101 n = 76

med (IQR) med (IQR)

10-year risk of hip fracture 5.3% (3.0 – 11.6) 7.6% (3.9 – 16.4) 1,47 0.021

10-year risk of vertebral fracture 4.2% (2.1 – 9.2) 6.1% (4.1 – 14.4) 1,62 0.021

10-year risk of wrist fracture 2.0% (0.7 – 4.0) 3.2% (1.1 – 7.8) 1,48 0.041

Table legend: n: number; med: median; IQR: inter quartile range. 

Table 5. The CTI-based 10-year fracture risk predic� on in pa� ents with and without 
osteoporosis.

40,030,020,010,00,0

2,0

0,0

-2,0

-4,0

Table legend: light gray triangles: 10-year hip fracture risk; medium gray crosses: 10-year risk of vertebral fracture; black circles: 
10-year risk of wrist fracture; Center lines: regression line. Top and bottom lines: 95% confidence interval. 

0% 10%

10-year fracture risk prediction
20% 30% 40%

-4.0

-2.0

0.0

2.0

Figure 1. Lower Calscan T-scores (i.e. less bone mineral density) correlated with higher CTI-
based 10-year fracture risk predic� on.
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Discussion

In this study we have shown that the 10-year fracture risk as assessed by 
the CTI is has a signifi cant correla� on with the result of the DXL Calscan. To 
our knowledge, this is the fi rst study that compares the risk assessment of a 
ques� onnaire with the objec� ve osteoporosis measurement of a Calscan. 
The older persons that par� cipated in this study did so on a voluntarily basis. 
The concept of the touring, mobile fall-preven� on and interven� on program 
enabled us to include older persons who would not have travelled a longer 
distance to par� cipate. Therefore, this cohort may be considered to represent 
a large por� on of an average elderly popula� on. None of the par� cipants 
reported being in bed for more than 20 hours per day. This may indicate that 
not all the people who were contacted responded to the invita� on. 
Even though for the purposes of this study, only the ‘osteoporosis ques� ons’ 
were used, all par� cipants completed the en� re CTI ques� onnaire. The 
CTI proved to be a valuable tool for assessing modifi able risk factors in this 
popula� on of community-dwelling older persons. Surprisingly, the number 
of par� cipants with the risk factors ‘high risk of osteoporosis’, ‘fear of falling’, 
and ‘mood’ was lower in this cohort compared with a previous report on this 
popula� on. The number of par� cipants with the risk factor ‘medica� on’ was 
much lower.17 This is surprising because no special selec� on criteria were 
used before par� cipants could undergo a DXL Calscan. 
In this study, the predic� ve value of the CTI was increased using the 
calcula� ons from the ‘Osteoporosis’ guideline. These calcula� ons use the 
same ques� ons as the CTI for the assessment of osteoporosis. However, 
the guideline calcula� ons also consider gender and age. This allowed us to 
iden� fy a signifi cantly higher 10-year fracture risk in women, even though 
there was no diff erence in ‘vertebral fracture’, ’hip fracture mother’, ‘low 
body weight’, or ‘cor� costeroid use’ between the sexes. 
As expected, osteoporosis was more common in female par� cipants than in 
male par� cipants. And because osteoporosis was associated with an increased 
fracture risk, the fracture risk in female par� cipants was signifi cantly higher 
than in male par� cipants. 
As opposed to the T-score, the Z-score did not correlate with an increased 
fracture risk. This is because the Z-score represents the bone mineral density 
compared with the mean of the same age group. The mean Z-score (0.8; SD 
0.8) means that the bone mineral density of the study cohort was the same 
as expected in this age group. 
The DXL Calscan proved to be very useful as a screening instrument in a 
se�  ng such as the mobile, touring fall-preven� on and interven� on program. 
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We would recommend the DXL Calscan for use in screening programs. 
Furthermore, we consider the DXL Calscan as a poten� al screening instrument 
in the ED for all older persons who present with a fracture. However, in order 
to assess other modifi able risk factors and the risk for recurrent falls it should 
always be combined with the CTI. Furthermore, as indicated in Figure 1, there 
is no cut-off  point for osteoporosis according to the CTI. The true value lies in 
the combina� on of the CTI and the DXL Calscan. 
This study has some limita� ons. The authors recorded enough data to use 
the ‘Osteoporosis’ guideline calcula� ons. However, these were not enough 
to also calculate the FRAX score. The FRAX score calcula� on is based on the 
Bone Marrow Density of the femoral neck rather than the calcaneus. 

 
Conclusion

Based on the results of this study, the authors conclude that there is a 
signifi cant correla� on between the 10-year fracture risk based on the CTI 
and the results of the DXL Calscan. The DXL Calscan is a useful tool for the 
assessment of osteoporosis and is best combined with the CTI to also assess 
other modifi able risk factors for falling in older persons. 
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