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Abstract

Physical capacity (PC) and physical activity (PA) are associated physical performance measures, and combined, PC and PA
are used to categorize physical performance in the “can do, do do” framework. We aimed to explore physical performance of
patients attending the fracture liaison service (FLS). In this cross-sectional study, PC was measured by 6-min-walking-test
(can’t do/can do) and PA by accelerometer (don’t do/do do). Following quadrants were defined based on predefined cut-off
scores for poor performance: (1) “can’t do, don’t do”’; (2) “can do, don’t do”; (3) “can’t do, do do”; (4) “can do, do do”.
Odds ratios (OR) were calculated and fall and fracture risk factors were assessed between quadrants. Physical performance
of 400 fracture patients was assessed (mean age 64; female 70.8%). Patients performed as follows: 8.3% “can’t do, don’t
do”; 3.0% “can do, don’t do”’; 19.3% “can’t do, do do”; 69.5% “can do, do do”. For the “can’t do” group the OR for low PA
was 9.76 (95% CI: 4.82-19.80). Both the “can’t do, don’t do” and “can’t do, do do” group differed significantly compared
to the “can do, do do” group on several fall and fracture risk factors and had lower physical performance. The “can do, do
do” framework is able to identify fracture patients with an impaired physical performance. Of all FLS patients 20% “can’t
do, but “do do” while having a high prevalence of fall risk factors compared to persons that “can do, do do”, which may

indicate this group is prone to fall.
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Introduction

Approximately 30% of people aged 65 and older fall at least
once a year [1]. The health burden of falls is considerable,
as 40-60% of falls result in injury [2]. About 5% percent of
all falls result in a fracture. Conversely, 70% to 90% of all
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fractures are caused by a fall [3]. Patients with a previous
fracture have an increased risk of sustaining a subsequent
fracture [4]. Fracture Liaison Services (FLSs) have been
implemented to identify, evaluate and treat patients with an
increased risk of subsequent fractures [5]. FLS evaluation
includes assessment of comorbidities and medication use,
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screening for osteoporosis (including bone mineral density
and imaging of the spine) and underlying contributors for
secondary osteoporosis and other metabolic bone disease
[6]. Although, in a recent meta-analyses it was shown that
the FLS approach results in a significant lower probability
of 30% for subsequent fracture risk within two years follow-
up [7], still, approximately 8% of fracture patients sustain a
subsequent fracture, indicating need for additional preven-
tative measures [7]. Ideally, FLS screening also includes a
fall risk assessment [5].The prevalence of fall risk factors
in FLS patients is high [8, 9] and as fall risk is potentially
modifiable, optimizing strategies for early fall prevention in
FLS patients is essential [5].

An important part of fall risk evaluation is the assess-
ment of physical functioning. Physical capacity (PC) and
physical activity (PA) are two associated, but distinctly sepa-
rate domains of physical functioning [10]. PC is objectively
measured physical functioning with specific tests such as the
six-minute walking test (6MWT) [11], while PA is ‘any bod-
ily movement produced by skeletal muscles that results in
energy expenditure above resting level’ and is measured dur-
ing daily life [12]. PA is recommended by the WHO because
of its benefits on a wide range of health outcomes [13]. Both
PC and PA measures have been associated with falls. Poor
performance on physical capacity tests is associated with an
increased fall risk [14, 15]. Importantly, low PC is poten-
tially modifiable; exercise intervention to improve strength
and balance reduce the rate of falls among older persons by
approximately 25% [16]. The association between physical
activity and falls is not yet fully comprehended. Some stud-
ies report an association between an increased PA and fewer
falls [16-18]. Others report that higher physical activity is
related to a higher rate of falls, possibly due to a higher
exposure of risks [16, 19], as about 40-60% of falls in older
persons occur during walking [20]. Lu et al. hypothesize that
the association between PA and falls is U-shaped, implying
that both inactive and highly active older adults have higher
fall rates [21]. Combined evaluation of performance on PC
and PA measures might provide additional insight on physi-
cal functioning and fall risk in fracture patients.

In a recent study, Koolen et al. developed a PC (can’t do
or can do) and PA (don’t do or do do) quadrant framework
to understand impaired physical function in COPD patients
[22]. This framework can be applied to FLS patients;
patients who have fallen in the past and are prone to sustain
falls in the future [3]. This concept allows for an integrated
assessment of physical functioning as well as for the identifi-
cation of quadrant subgroups with specific clinical character-
istics such as modifiable fall risk factors in fracture patients.
The aim of this study is to categorize physical performance
of patients with a recent clinical fracture attending the FLS
using the “can do, do do” framework and to assess the distri-
bution of patients over the PC-PA quadrants and correlation
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between PC and PA measures. Further, we aim to explore
the clinical characteristics and outcome on functional per-
formance tests between quadrant groups.

Materials and Methods
Study Design and Participants

This study is designed as a cross-sectional study including
baseline data from the FX MoVie study, a prospective cohort
study (n=500) conducted at FLS of VieCuri Medical Centre
in Venlo, the Netherlands. Included were all patients aged
50-90 years with a recent radiographically confirmed frac-
ture who attended the FLS for fracture risk evaluation and
who were able and willing to participate. Excluded were
non-Caucasian patients, patients with cognitive impair-
ments, patients who were currently being treated for malig-
nancy, patients with fractures due to a bone metastasis or
osteomyelitis, or peri-prosthetic fractures, or fractures due
to a high energetic trauma. At the FLS, all patients were
evaluated and treated according to Dutch guidelines on
osteoporosis and fracture prevention [23]. Patients received
information on the study through oral and written commu-
nication and gave written informed consent prior to partici-
pation. The study protocols were approved by an independ-
ent medical ethical committee (NL45707.072.13). Patients
with missing 6MWT scores or physical activity data were
excluded from the analyses.

Data Collection

Baseline data include age, sex, height, weight, and body
mass index (BMI) measured by trained nurse during clinic
visit. Further, at the time of fracture risk evaluation, patients
were asked to fill out a detailed questionnaire for evaluation
of cause of the fracture, risk factors for falls, fractures, and
osteoporosis, medication use, and included self-reported
variables such as living situation, smoking and alcohol
use, dizziness and balance problems, urinary incontinence,
vision impairment, use of walking aids, fear of falling, diz-
ziness or balance problems and number of falls in the past
12 months. Comorbidities and fractures were derived from
the electronic patient files and categorized according to ICD-
10 standards [24]. Fracture location was grouped into hip,
major and minor fractures according to Center et al. [25]:
(D hip fractures, (II) major fractures; vertebra, multiple rib,
humerus, pelvis, distal femur and proximal tibia, and (IIT)
minor fractures; all other fractures (including finger and toe
fractures). Functional assessments were performed during
(PC measures), or just after (PA) the baseline visit and was
overseen by trained nurses.
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Measurements of the Quadrant Concept
Physical Capacity

The main outcome measure of physical capacity was the
six-minute walking distance (6MWD) measured by the
6MWT. 6MWT is a valid test with excellent test-retest and
inter-rater reliability [11, 26] and was assessed in a linoleum
hallway using standardized instructions [27]. Patients were
asked to walk around two safety cones placed 10 m from
each other at a comfortable speed while covering as much
distance as possible. No encouragements were given during
the test. Use of walking aids was permitted. Patients were
allowed to rest or stop when needed. 6MWD was calculated
by multiplying the number of rounds with 20 m and addi-
tionally adding the meters of final lap.

Physical Activity

The physical activity of the participants was measured during
eight consecutive days of free living using the triaxial accel-
erometer MOX (Maastricht Instruments B.V., The Nether-
lands). Details of the processing of raw accelerometer data
and activity classification is explained in more detail else-
where [28, 29]. In short, MOX is a small waterproof device
with the dimensions 4.5x4.0x 1.4 cm, a sampling frequency
of 25 Hz, sensor range of + 6 G [29]. The MOXBW software
(Maastricht Instruments B.V., The Netherlands) was used
to calibrate the device. It was attached to every subject on
the right thigh ten centimeters above the knee, by the same
researcher. The participants were instructed to follow their
normal daily routines, while keeping an activity log. Data
of the MOX and activity log of at least six consecutive days,
including at least one weekend day, was used for analysis.
The raw acceleration data was processed using MATLAB
R2012a software (The MathWorks Inc., Natick, MA, USA).
Using the signal magnitude area, a measure of the intensity
of physical activity, static and dynamic activity (DA) were
determined. DA is expressed as average minutes per day
and was further categorized as low physical activity (LPA),
moderate-to-vigorous physical activity (MVPA), and vigor-
ous physical activity (VPA), respectively corresponding to
intensities below 3 metabolic equivalents (METS), between
3 and 6 METS, and above 6 METS, respectively [29].

Quadrant Concept and Threshold for Poor Performance

Patients were divided in mutually exclusive categories using
the quadrant concept for PC and PA presented by Koolen
et al. [22]. (1) Low PC, low PA (can’t do, don’t do); (2) pre-
served PC, low PA (can do, don’t do); (3) low PC, preserved
PA (can’t do, do do); and (4) preserved PC, preserved PA
(can do, do do). The threshold for low PC was defined as

— 2SD below sex specific means of the 6BMWD, using refer-
ence values of Beekman et al. [30]; 625+ 120 m for men
and 554 +94 m for women. Thus, the threshold for low PC
was 385 m for men and 366 m for women, respectively. The
threshold of low PA was defined as < 150 min of MVPA/
VPA per week (21.4 min/day), as this is the recommended
minimum intensity adults and older adults (65+) should
exercise for general health benefits by the WHO [13].

Other Measures

In addition to the main PC measure, three other functional
performance tests were performed; timed up and go (TUG),
handgrip strength (HGS) and chair stand test (CST). All tests
have proven validity and good to excellent test-retest and
inter-rater reliability in elderly populations with and without
comorbidities [31-35]. TUG measures balance and overall
mobility [31]. Participants were observed and timed while
they rise from a chair with armrests, walk for three meters,
turn, walk back to the chair and sit down again. Use of walk-
ing aids was permitted. Of a total of three attempts, the mean
time in seconds was used as TUG score. HGS measures
upper extremity strength and was measured by handheld
dynamometer (Jamar, Sammons Preston, Bolingbrook,
Illinois) [35]. The participant was seated with the elbows
flexed at 90 degrees and was asked to squeeze as hard as
possible with their left and right hand. The maximum HGS
in kg was the highest score out of three attempts for their
left hand and right hand and was used for analysis. Lower
body muscle strength was assessed by the timed CST [32].
This test measured the number of times a person can fully
stand up from a chair in 30 s time. Patients were instructed
to start in seated position, cross arms over the chest, fully sit
back down in between stands, and not to use the armrests,
unless unavoidable. Appendicular Lean Mass (ALM) was
measured as the sum of lean mass of arms and legs and cor-
rected for squared height. Sarcopenia was defined following
European Working Group on Sarcopenia in Older People
(EWGSOP2) guidelines as having low ALM (< 5.5 kg/m2
for women or < 7.0 kg/m?2 for men), combined with hav-
ing either low scores on the 30CST (< 10 stands), and/or
low HGS (< 16 kg for women and <27 kg for men) [36].
Measurement of bone mineral density (BMD) and vertebral
fracture assessment (VFA) were carried out. The BMD of
the participants was measured with a total body dual energy
X-ray absorptiometry (DXA) using the Hologic Discovery
DXA system (Hologic Inc, Bedford, MA, USA). A trained
radiology technologist scanned the lumbar spine vertebra L1
to L4, total hip, and femoral neck of the left leg. The low-
est T-score score of the three measurements was used and
normal BMD was defined as a T-score >-1SD, osteopenia
was defined as T -score < — 1.0 SD and osteoporosis < — 2.5
SD, in accordance with WHO criteria [37]. Diagnosis of
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osteosarcopenia was given in case of osteopenia or osteo-
porosis diagnosis combined with a diagnosis of sarcope-
nia (EWGSOP2) [38]. Prevalent vertebral fractures (VFs)
were assessed on lateral spine images acquired with DXA.
Grading of VFs was done morphometrically using the VF
classification of Genant [39]. VFs were graded based on %
height loss as follows; grade 1 (20 to 25%), grade 2 (25 to
40%), or grade 3 (height loss >40%). Patients were classified
according to the most severe VF.

Statistical Analysis

Baseline characteristics were described using frequencies
(proportions) for categorical variables and means (SD)
or medians (interquartile ranges) for continuous data. To
examine the relationship between PC and PA measures a
Pearson’s correlation coefficient (PCC) was calculated.
Strength of correlation was defined as follows; PCC 0.0 to
0.3 negligible; 0.3 to 0.5 low; 0.5 to 0.7 moderate; 0.7 to 0.9
high and 0.9 to 1 very high correlation [40]. Furthermore,
we calculated an OR between the PC and PA categories.
Analyses were stratified by sex due to the sex specific cut-
off scores of the 6MWT. Assessment of differences between
quadrants was carried out for all measured variables. Com-
parison between groups for categorical variables was per-
formed using Chi-Square test or Fisher exact tests (in case
of small sample sizes) with post-hoc testing using pairwise
Z-test with Bonferroni correction. One-way ANOVA was
used for normally distributed continuous variables. Equality
of variances was checked and overall tests and post-hoc tests
(Bonferroni, or Games-Howell) were performed accordingly.
In case of non-normal data, a Kruskall-Wallis test was per-
formed. p-values < 0.05 were considered statistically sig-
nificant. All statistical analyses were conducted using SPSS
version 20 (IBM Corp., USA).

Results
Study Population

A total of 500 participants out of 1011 consecutive FLS
attendees consented to participate in the FX MoVie cohort.
One hundred participants were excluded due to missing data
on PA or PC measures, resulting in 400 participants avail-
able for analysis. Participants attended the FLS on average
3.5 (1.0) months after fracture. Mean age was 64.5 (8.1)
years for women and 64.8 (9.7) years for men, and 70.8% of
the patients were female. Fracture types for men and women
respectively were as follows; 74% and 75% minor fracture,
21% and 20% major fractures and 5% hip fractures in both
groups. In men, 83.8% of fractures were caused by a fall,
in women 86.5%, respectively. At least 2 falls in the past
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12 months, excluding the fall that caused the fracture, were
reported by 12% of women and 14.5% of men. Osteoporosis
was diagnosed in 24.7% of women and 15.2% of men. In
both men and women, at least one prevalent VF grade 2 or
3 was present in 12.0% of participants.

Functional Performance

Overall, 72.3% of the participants performed in the “can
do” group (PC [6MWD] > 385 m for men and > 366 m for
women), and 88.8% of the participants were categorized
in the “do do” group (PA >21.4 min/day). This was 74.4%
(PC) and 86.9% (PA) in women and 74.4% (PC) and 94.9%
(PA), in men, respectively. Of all participants in the “can do”
group, 95.8% was categorized in the “do do” group. Of the
participants in the “can’t do group” 70.3% was categorized
in the “do do” group.

The average physical performance measures for women
were 406.6 (87.3) meter on the 6MWD, 8.4 (2.6) seconds
for TUG, 11.6 (3.0) number of stands for CST, 21.4 (7.1)
kg for HGS, and a median of 51.0 (31.0, 77.0) minutes in
MVPA or VPA per day. The average physical performance
measures for men were a median of 458.0 (383.0, 516.0)
meter on the 6MWD, 7.3 (6.3, 8.3) seconds for TUG, 12.0
(11.0, 13.8) number of stands for CST, 38.0 (32.5, 44.0)
kg for HGS, and a median of 78.0 (48.0, 111.0) minutes in
MVPA or VPA per day. For men and women, the prevalence
of sarcopenia was 0% and 0.3%, and of osteosarcopenia 0%
and 0.3%, respectively.

Correlation PA and PC

Our data showed a significant correlation between PA and
PC for the total study population (r=0.46; p<0.01), as
well for women and men separately (r=0.475 (p <0.01);
r=0.337 (p <0.05), resp.). Further, our data showed signifi-
cant correlation between PA and other measures of physical
capacity for the total study population (r=— 0.39 for TUG
(»p<0.01), r=0.40 for CST (p<0.01), and 0.28 for HGS
(p<0.01)).

Distribution Over Quadrant Groups

As shown in Fig. 1A and B, distribution of participants in
quadrant groups for women and men, respectively, was as
follows; 9.5% and 5.1% in the “can’t do, don’t do” group;
4.2% and 0% in the “can do, don’t do”’; 18.7% and 20.5%
in the “can’t do, do do” and 67.5% and 74.4% in the “can
do, do do”. Supplementary Fig. 1A—C and 2A—C show the
distribution over quadrant groups for minor, major and hip
fractures, for women and men, respectively. For men and
women together the distribution over the quadrants was as
follows: 8.3% can’t do, don’t do”’; 3.0% “can do, don’t do”*;
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Fig.1 Overview of PC-PA quadrant framework for women (A) and men (B)

19.3% “can’t do, do do”; 69.5% “can do, do do”. The odds
of having poor PA was 9.76 (95% CI: 4.82-19.80) in par-
ticipants with a poor PC as compared to preserved PC (total
cohort).

6MWT, 6 Minute walking test; PCC, Pearson correla-
tion coefficient. Fracture groups according to Center et al.

[25]. Figure 1A displays the scatterplot of physical activity
(measured by MOX accelerometer) and physical capacity
(measured by 6-min walking test) of the female participants.
The cut-off for low PC is 366 m (can’t do), the cut-off for
low PA is 21 min/day (don’t do). The distribution over the
four quadrant groups is as follows; 9.5% in the “can’t do,
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don’t do” group; 4.2% in the “can do, don’t do”; 18.7% in the
“can’t do, do do” and 67.5% in the “can do, do do”. Pearson
correlation coefficient is 0.475, p <0.05. Figure 1B displays
the scatterplot of physical activity and physical capacity for
the male participants. The cut-off for low PC is 385 m (can’t
do), the cut-off for low PA is 21 min/day (don’t do). Distri-
bution over quadrants is as follows: 5.1% in the “can’t do,
don’t do” group; 0% in the “can do, don’t do”; 20.5% in the
“can’t do, do do” and 74.4% in the “can do, do do”. Pearson
correlation coefficient is 0.337, p <0.05.

Characteristics of Quadrant Groups

As shown in Table 1, women in the “can’t do, don’t do”
versus the “can do, do do” group were older, used alcohol
less often, presented more often with hip or major fractures,
were diagnosed more frequently with osteoporosis. Fur-
ther, walking aids were used more frequently and women
reported a higher of fear of falling and fall incidents in the
past 12 months. Moreover, they performed worse on all
physical performance tests. Comparable results were shown
for the “can’t do, do do” group versus the “can do, do do”
group, except for BMD measures and prevalent VF. The
“can’t do, don’t do” compared to the “can’t do, do do” group
presented with more hip fractures, and less minor fractures,
more osteoporosis and a worse performance on TUG and PA
measures. As shown in Table 2, men in the “can’t do, don’t
do” group compared to the “can do, do do” group respec-
tively, used less often alcohol, had less minor fractures, were
diagnosed more frequently with osteoporosis, used walking
aids more frequently, and performed worse on all functional
performance tests. Similar results were seen for the “can’t
do, do do” group versus the “can do, do do”, except for
alcohol use and minor fractures.

Discussion

This is the first study to implement the “can do, do do”
framework in patients with a recent fracture attending the
FLS for fracture risk evaluation. The framework offers addi-
tional insight on impaired physical function of FLS patients
by categorizing them into subgroups of physical activity and
capacity measures. It enables identification of FLS patients
with definable treatment traits and, thus, might be useful in
stratification for targeted interventions in the future.

“Can Do, Do Do” Framework in FLS Patients
Correlation between PC measures (6MWT, TUG, CST

and HGS) and PA was significant, but low. This is in line
with findings of Van Lummel et al. and Koolen et al., who
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concluded that these measures are related but separate
domains of physical functioning [10, 22]. The low propor-
tion of participants with poor PA (less than 21,4 min/day) in
our study population is surprising, especially since approxi-
mately 50% of the Dutch general population of 50 years and
older do not meet the WHO recommendations of a minimal
of 150 min (M)VAP per week [41]. Remarkably, the inhabit-
ants of the region of the Netherlands in which the hospital is
located (North-Limburg) have a poorer health status defined
as the total number of chronic diseases including COPD,
smoking, BMI compared to the general Dutch population
[42]. A possible explanation for the high proportion of pre-
served PA is that participants were aware of the activity
recording during accelerometer measurement and conse-
quently could increase activity during the test period. Also,
physical activity of the Dutch population was not measured
by accelerometer, but with the SQUASH questionnaire mak-
ing results less comparable. Furthermore, this population
might be subject to a healthy cohort bias; first, only 60% of
all consecutive patients with a clinical fracture attended the
FLS for fracture risk evaluation. FLS attenders are less frail,
and have less hip fractures compared to patients that do not
respond to the FLS invitation [43, 44]. Second, participa-
tion in the FX MoVie study was voluntary, and compared
to the FLS attenders who did not participate, FX MoVie
participants were younger, had less severe fracture types
and less prevalent VFs [3]. This healthy complier bias is
also reflected in the low percentage of sarcopenia in our
population. The prevalence of (osteo)sarcopenia in this study
is very low. This was mostly due to the prevalence of low
ALM/m?2 in our total population of only 0.8%, as opposed
to the proportion of patients that scored below their cut-off
points on HGS and/or CST of 17.6% and 18.5%, respec-
tively. Furthermore, compared to many other guidelines, the
EWGSOP?2 identifies sarcopenia less often, pointing to a
possible underestimation of sarcopenia [45, 46].

The application of the “can do, do do” concept strongly
relies on the pre-determined cut-off scores. The cut-off for
low physical activity (21.4 min (MVPA/day) was derived
from the lower end of amount of 150-300 min(M)VPA/
week recommended by the WHO guidelines [13] and was,
among others, based on a review that showed a maximal
risk reduction for mortality at MVPA > 24 min/day [47]. A
study of Buchner et al. revealed a higher falls rate for women
with a MVPA of less than 25.1 min/day (lowest compared
with highest quartile of MVPA) [48]. However, changing our
cut-off value from 21.4 to 25 min/day, merely increased the
proportion of patients with low PA from 11 to 15%. Further-
more, we did not take into account if MVPA was performed
in bouts of at least 10 min uninterrupted PA, which might
lead to an overestimation of MVPA of the participants. How-
ever, physical activity of any bout duration is associated with
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Table 1 Patient characteristics of female quadrant groups
Total population Can’t do, don’t do Can do, don’t do Can’t do, do do Can do, do do Difference
between
groups

Number of patients (%) 283 (100) 27 (9.5) 12 (4.2) 53 (18.7) 191 (67.5) p<0.05%
Age, years® 64.5 (8.1) 70.4 (1.7)% 67.4 (7.9) 67.7 8.7)% 62.6 (7.32) p=0.06

50-59° 90 (31.8) 2(7.4) 2(16.7) 13 (24.5) 73 (38.2)

60-69 114 (40.3) 11 (40.7) 3(25.0) 16 (30.2) 84 (44.0)

70-79 67 (23.7) 11 (40.7 7(58.3 19 (35.8) 30 (15.7)

80+ 12 (4.2) 3(1L.1) - 5(9.4) 4.1)
BMI, kg/m* 27.4 (4.8) 27.4 (6.6) 26.2 (5.0) 28.9 (5.0)% 27.0 (4.6)
Current smokers® 178 (62.9) 16 (59.3) 4(33.3) 36 (67.9) 122 (63.9) p=0.15
Alcohol use® 216 (76.3) 17 (63.0)% 7 (58.3) 31(58.5) % 161 (84.3) p<0.05%
Living alone® 61 (21.6) 6(22.2) 1(8.3) 16 (30.2) 38 (20.0) p=0.28
Fracture location® p<0.05*

Hip 14 (4.9) 7 (25.9)t% 1(8.3) 2(3.8) 4.1)

Major 56 (19.8) 12 (44.4)% 4(33.3) 16 (30.2)% 24 (12.6)

Minor incl. finger and toe 213 (75.3) 8 (29.6)1% 7(58.3) 35 (66.0)% 163 (85.3)
Time since fracture (days)* 106.3 (29.3) 107.4 (37.4) 105.7 (30.3) 111.2 (30.6) 104.8 (27.7) p=0.57
Fracture caused by a fall® 346 (86.5) 23 (85.2) 11 (91.7) 46 (86.6) 168 (88.0) p=0.95
BMD" p<0.05%

Normal BMD 68 (24.0) 2(7.4) 2(16.7) 13 (245 51(26.7)

Osteopenia 145 (51.2) 10 (37.0) 5(41.7) 31(58.5) 99 (51.8)

Osteoporosis 70 (24.7) 15 (55.6)+% 5(41.7) 9 (17.0) 41 (21.5)
Hip T-score® —0.872 — 1.67 (0.94) % — 1.14 (1.10) - 0.82(1.12) —0.77(.97) p<0.05%
Vertebral T-score? —1.208 —1.89 (1.50) 1% —1.97 (1.06) —0.94 (1.11) —1.14 (1.29) p<0.05%
Femoral neck T-Score® — 1.451 —2.25(0.70)t% - 1.78 (1.11) —1.36 (0.96) —1.36 (0.98) p<0.05%
Prevalent Vertebral fracture Gr.2-3" 35(12.4) 8 (29.6)% 1(8.3) 10 (18.9) 16 (8.4) p<0.05*%
Comorbidities®

Cardiovascular 113 (39.9) 16 (59.3) 2(16.7) 28 (52.8) 67 (35.1) p<0.05*

Asthma/COPD 27 (9.5) 5(18.5) 0(0) 9 (17.0) 13 (6.8) p<0.05%

Osteoarthritis 33(11.7) 5(18.5) 2(16.7) 7(13.2) 19 (9.9) p=0.38

Diabetes mellitus 20 (9.5) 6(22.2)% 0 (0) 8 (15.1) 6(3.1) p<0.05%

Mood/anxiety disorder 12 (4.2) 0(0) 0 (0) 4(7.5) 8(4.2) -
Glucocorticoid use® 12 (4.2) 2(74) 0 (0) 3(5.7) 7@3.7) p=0.63
Urinary incontinence® 80 (28.5) 12 (44.4) 3(25.0) 15 (28.3) 50 (26.5) p=0.28
Vision impairrnentb 242 (91.3) 25 (100) 11 (100) 46 (90.2) 160 (89.9) -
Use of walking aids® 12 (4.2) 5(18.5)% 0 (0) 59.4)% 2(1) p<0.05%
Two or more falls last year” 34 (12.1) 4(14.8) 1(8.3) 8 (15.1) 21 (11.1) p=0.78
Dizzyness/Balance problf:msb 73 (25.8) 10 (40.0) 5(45.5) 19 (37.3) 39 (21.9) p<0.05*
Fear of falling® 37 (13.2) 8 (29.6)% 0 (0) 14 (26.4) 15(8) p<0.05%
TUG, seconds® 8.4 (2.6) 13.0 (4.1)*f% 7.6 (1.1)t 10.5 2.1k 7.2 (1.0) p<0.05*
CST, no of stands® 11.6 (3.0) 8.6 (2.3)*% 12 2.1)F 9.5 2.Di 12.6 2.7) p<0.05*
HGS, kg* 21.4(7.1) 17.9 (6.6)% 19.5(8.2) 19.4 (7.2)% 22.5 (6.8) p<0.05%
6MWD, meters® 406.6 (87.3) 274.1 (55.8)*% 436.4 (55.7)% 313.0 (45.9)% 4562 (54.2) p<0.05%
MVPA/VPA, av. min/day® 51.0(31.0,77.0) 11 (7, 18)+% 12(11.3,17.8)7%  36.0(28.0,48.5%  63.0(47.0,89.0)  p<0.05%

Missing sample data per category: living alone n=282; TH score n=276; LS score n=281; FN score n=276; urinary incontinence n=281;
vision impairment n=268; dizziness/balance problems n=371; fear of falling n=280; falling last year n=282. In case of missing data valid

percentages are reported

4continuous variable: mean (SD), median (IQR)

bcategorical variable: number (%)

BMI body mass index, BMD bone mineral density, TUG timed up and go, CST 30 s chair stand test, HGS hand grip strength, 6MWD six-minute
walking distance, MVPA moderate-to-vigorous physical activity, VPA vigorous physical activity, Av average

*p <0.05 vs can do, don’t do, Tp <0.05 vs can’t do, do do, $p <0.05 vs can do, do do
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Table 2 Patient characteristics of male quadrant groups

Total population Can’t do, don’t do Can do, don’tdo Can’t do, do do Can do, do do Difference
between
groups

Number of patients 1 (%)° 117 (100) 6(5.1) 0 (0) 24 (20.5%) 87 (74.4%) p<0.05*
Age, years® 65 (55.5,72.0) 68.0 (62.0, 83.3) - 69.0 (62.5, 77.8))%  64.0 (55, 70) p<0.05%

50-59° 42 (35.9) 1(16.7) 3(12.5) 38 (43.7)

60-69 39 (33.3) 3(50) 9(37.5) 27 (31.0)

70-79 27 (23.1) - 7(29.2) 20 (31.0)

80+ 9(7.7) 2(33.3) 5(20.8) 2(2.3)
BMI, kg/m* 27.6 (25.3,30.6) 27.6 (23.8,28.5) - 29.3(26.0, 31.8) 27.4(25.2,30.2) p=0.23
Current Smokers® 91 (77.8) 5(83.3) - 18 (75) 68 (78.2) p=0.92
Alcohol use® 100 (85.5) 3 (50)% - 19 (79.2) 78 (89.7) p<0.05%
Living alone® 19 (16.2) 2 (40.0) - 4 (16.7) 13 (15.1) p=0.29
Fracture location® p<0.05*

Hip 6(5.1) 1(16.7) 3(12.5) 2(2.3)

Major 24 (20.5) 3 (50) 6 (25.0) 15 (17.2)

Minor incl. finger and toe 87 (74.4) 2(333) % 15 (62.5) 70 (80.5)
Fracture caused by a fall® 98 (83.8) 5(83.3) - 20 (83.3) 73 (83.9) p=1.0
Time since fracture (days)* 107 (90.5, 131.5) 134.0 (94.0, 143.3) - 111.0 (86.8, 123.8)  107.0 (90.0, 128.0) p=048
BMDP - p<0.05%

Normal BMD 44 (37.6) 0 (0) 8(33.3) 327 (41.4)

Osteopenia 55 (47.0) 3 (50) 9(37.5) 43 (49.4)

Osteoporosis 18 (15.4) 3(50.0) & 7(29.2) % 8(9.2)
Hip T-score® —0.509 -15(-19,-0.6) — 0.3 (- 1.4-0.0) - 04, (- 1.0,0.1) p=0.06
Vertebral T-score® —-0.817 -09(-27,-0.5) -1.1(-11,-08) —09(-16,0.1) p=0.64
Femoral neck T-Score® - 1.204 -16(-27,-14) —-04(-25,-04) -1.1(-17,-0.6) p=0.07
Prevalent Vertebral fracture Gr.2-3" 14 (12.0) 2(33.3) - 5(20.8) 7 (8.0) p<0.05*
Comorbidities®

Cardiovascular 50 (42.7) 5(83.3) 13 (54.2) 32 (36.8) p<0.05*

Asthma/COPD 13 (11.1) 2(33.3) - 3(12.5) 8(9.2) p=0.18

Osteoarthritis 12 (10.3) 1(16.7) 3(12.5) 8(9.2) p=0.61

Diabetes mellitus 9(7.7) 0 (0) 7 (8.0) p=1

Mood/anxiety disorder 54.3) 2 (33.3)% 14.2) 2(2.3) p<0.05*
Glucocorticoid use® 6(5.1) 1(16.7) - 0 (0) 5(5.7) p=0.26
Urinary incontinence® 14 (12.1) 1(16.7) - 6(26.1) 7 (8.0) p=0.06
Vision impairmentb 100 (94.3) 5 (100) - 18 (81.8)% 77 (97.0) p<0.05*
Walking aid® 3(2.6) 1(16.7)% - 2 (8.3)% 0(0) p<0.05*
Two or more falls last yeaIb 34 (14.5%) 0 (0) - 6 (3.5%) 11 (12.6) p=0.16
Dizziness/balance problemsh 21(17.9) 2 (40.0) - 6 (27.7) 13 (16.5) p=0.18
Fear of falling)b 2(1.7) 0(0) - 14.3) 1(1.1) p=0.44
TUG, seconds® 7.3(6.3,8.3) 9.8 (8.8,15.9)% - 9.5(8.3,10.9)% 7.0 (6.0, 7.7) p<0.05%
30CST, no of stands® 12.0 (11.0, 13.8) 8.5(7.5,11.0) - 10.5 (9.3, 11.8)% 13 (11.8, 14.0) p<0.05*
HGS, kg* 38.0 (32.5,44.0) 25.0 (24.0, 33.5)% - 38.0(30.0,40.0)%  40.0 (34.0, 44.0) p<0.05*
6MWD, meters” 458.0 (383.0, 316.5(216.0,357.3)f - 359.0 (309.0, 486.0 (445.0, 527.0) p<0.05*

516.0) 375.0)%

MVPA/VPA, av. min/day* 78.0 (48.0, 111.0)  14.5 (14.0, 18.0)% - 65.5(49.5,91.00f 85 (57.0, 116.0) p<0.05%

Sample data per category in case of missing data: living alone n=115; hip/vertebral/femoral neck T-score n=116; dizziness/balance problems
n=106; urinary incontinence n=116; fear of falling n=116; vision impairment n=108. In case of missing data valid percentages are reported

4continuous variable: mean (SD), median (IQR)

bcategorical variable: number (%)

BMI body mass index, BMD bone mineral density, TUG timed up and go, CST 30 s chair stand test, HGS hand grip strength, 6MWD six-minute
walking distance, MVPA moderate-to-vigorous physical activity, VPA vigorous physical activity, Av average

1p <0.05 vs can’t do, do do, £p <0.05 vs can do, do do
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improved health outcomes and the WHO no longer recom-
mends it [13]. Lastly, the MOX accelerometer cut-off points
to categorize dynamic activity were validated in a younger
population [29]. However, this would have resulted in an
underestimation instead of an overestimation of MVPA.

The six-minute walking showed that participants who
“can’t do” had an almost tenfold higher odds to be catego-
rized in the “don’t do” group, compared to the “can do”
group. Only 3% of all the “don’t do” participants were cat-
egorized in the “can do, don’t do” group, meaning they were
able to be physical active, but did not undertake physical
activity. This group encompassed only 4% of all “can do”
participants. These results indicate that if the FLS popula-
tion “can do”, they most often “do do”.

About 20% of FLS participants “can’t do” but “do do”
anyway, indicating that this group might exhibits risky
behavior that could result in a higher rate of falls. This
“can’t do, do do” group had significantly lower measures on
all functional capacity tests, compared to those in the “can
do, do do” group. They were relatively older, had higher
fear of falling and a higher proportion used a walking aids.
These are all known fall risk factors [15]. Older adults with
poor gait and balance might be less equipped to prevent
falls against more severe perturbations of balance during
PA [15], and have been proven to have higher rate of falls
during habitual walking [19]. Combining this with a high
exposure to mishaps during PA, this “can’t do, do do” group
might be prone to future falls [15, 19]. However, this group
might also benefit from their preserved daily activity in sev-
eral ways; first, physical activity can improve bone strength
and offers benefit in the management of osteoporosis [49].
In line with the literature, the “can’t do, do do” group had
lower levels of osteoporosis and hip fractures compared
to the “can’t do, don’t do” group. Second, low physical
activity can lead to a decline in (instrumental) activities of
daily living, balance and strength causing a vicious circle
of declined physical functioning [50, 51]. This is in line
with a study of Delbaere et al. used an approach similar to
the “Can do, do do” framework to assess physiological fall
risk (estimated using the physiological profile assessment)
and perceived fall risk (measured by the falls efficacy scale
international) in older community dwelling adults [52]. Both
measures were associated with future falls. However, the
group with high physiological but low perceived fall risk
had a fall incidence of 30% during follow-up, which was
lower compared to those with also a high perceived fall risk
(41%). A possible explanation for this lower risk was that a
positive outlook on life, community participation and pre-
served PA might be protective of future falls. Interestingly,
Delbaere et al. did not find excessive risk-taking behavior
based on the psychological profile in this group. However,
the “can’t do, do do” group might be prone to reduce PA in
the future, as falls and increased fear of falling have shown

to be important factors to restrict PA, resulting in a vicious
cycle of functional decline [15]. Attention to physical func-
tioning to preserve PA and increase PC in this group at the
FLS is therefore essential.

Only 8% of all participants were categorized in the “can’t
do, don’t do” group. As expected, the largest differences in
fall risk factors were seen between this group and the “can
do, do do group”; the first had lower functional capacity
measures and higher use of walking aid (men and women)
and fear of falling (women). For women the group was older
and had higher proportion of hip, major and prevalent ver-
tebral fracture, both men and women had higher proportion
of osteoporosis. These findings are consistent with literature
that describes a decrease of functional performance with
higher age and after major and hip fractures [53] and sug-
gest that this group might be suitable for exercise interven-
tions [16]. These interventions have shown positive effect
on fall rate [16] and on prevention of fall-related injuries,
specifically in patients at high risk for falling and patients
with osteoporosis [54]. Moreover, the higher proportion of
osteoporosis and VF (women) suggests that this subgroup
could benefit from additional physical activity training in a
controlled setting to increase bone strength, in addition to
anti-osteoporotic treatment [49]. Current WHO recommen-
dations state that the benefits of PA outweighed the potential
harms, and stated that possible harms can be managed by
a gradual increase in the amount and intensity of physical
activity [13].

Strengths and Limitations

Our study has several strengths. This is a large, real-life
sample of patients with a recent fracture attending the FLS,
including a wide range of fracture types, with and without
osteoporosis. Participants were comprehensively assessed
allowing for comparison of multiple fall risk variables and
extensive physical functioning measures between quadrant
groups. However, several limitations must be addressed. As
stated before, selection bias is present resulting in a rela-
tively healthy study population. Further, due to the cross-
sectional design of our study causality between clinical char-
acteristics, quadrant group and fall or fracture risk cannot be
evaluated. It is therefore essential that future research on this
framework should focus on prospective falls and fall-related
injury in these quartiles. Furthermore, these future studies
should include more falls specific PC measures such as reac-
tive balance, as this might contribute to the discrimination
between fallers and non-fallers [55]. Moreover, PA and PC
measurements could be affected by the type of fracture the
participant sustained four months before the FLS visit and
measurements. However it is also plausible that PC and PA
contributed to the fall and fracture incident itself. Lastly,
as stated before, cut-off scores are of large influence and
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application of the concept should always be considered
within their limitations.

Conclusion

The “can do, do do” framework offers a new approach to
understanding PC a PA measures in fracture patients. More-
over, it can be used to categorize patients into subgroups
with distinct clinical characteristics among which fall and
fracture risk factors. Results of this FL.S population showed
that patients that “can do”, “do do”, reducing the population
eligible for behavioral interventions. Nevertheless, 20% of
the FLS patients “can’t do” but “do do” while they have a
high prevalence of fall risk factors compared to persons that
“can do” and “ do do”, which may indicate a group prone for
falling. Prospective studies are needed to assess the relation-
ship between quartile categorization and prospective fall and
fracture events.
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