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Abstract

Summary Impaired physical performance is associated with increased fracture risk. Performance on four physical function-
ing tests and prevalence of sarcopenia were assessed for 1789 fracture patients and compared to reference data. Performance
was low on all tests, especially for patients with a hip, major or > 1 prevalent vertebral fracture.

Purpose Introduction Impaired physical performance and sarcopenia are associated with increased fracture risk. This study
aims to assess physical performance and the prevalence of sarcopenia in patients with a recent clinical fracture attending the
Fracture Liaison Service (FLS) compared to population means.

Methods In this cross-sectional study, chair stand test (CST), handgrip strength (HGS), timed-up-and-go (TUG), 6-min
walking-test (6MWT), and sarcopenia (following EWGSOP2) were assessed. The proportion of patients with impaired/
poor performance compared to reference data was calculated (Z-score: > —2SD to < — 1 (impaired) and < —2 SD (poor)).
Associations of fracture type, sex, age, and time since fracture with Z-scores were assessed using linear regression analyses.
Results A total of 1789 consecutive FLS patients were included (median age (IQR): 66 (59-74), 70.7% females, 3.9 (+1.6)
months after fracture). The prevalence of impaired/poor performance for CST, HGS, TUG, and 6MWT was 39.2%, 30.4%,
21.9%, and 71.5%, respectively (expected proportion of 16%) and 2.8% had sarcopenia. Lower Z-scores (P <0.001) were
found for hip, major, and > 1 prevalent vertebral fracture (VF) in CST (major: regression coefficient (B) (95%CI)= —0.25
[-0.34,—-0.16]; hip: B= —0.32 [-0.47,-0.17], VF: B= —0.22 [-0.34,—-0.11]), TUG; (major: B= —0.54 [-0.75,—-0.33];
hip: B=—1.72 [-2.08, -1.35], VF: B= —0.61 [-0.88,—0.57]), 6oMWT (major: B= —0.34 [-0.47,—0.21]; hip: B= —0.99
[-1,22,-0.77], VF: B= -0.36 [-0.53,—-0.19]).

Conclusions Physical performance is significantly lower in FLS patients compared to healthy peers, especially in patients
with hip, major or prevalent VF. These findings underline the need to assess and improve the physical performance of FLS
patients, despite a low prevalence of sarcopenia.
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Introduction

Fractures are most common in older persons and com-
prise an increasing health concern with substantial costs,
a lower quality of life, and an increased risk of subsequent
fractures and mortality in our aging population [1, 2]. The
risk of subsequent fractures is the highest immediately
after the index fracture [3]. However, a large treatment gap
still remains in secondary fracture prevention including
fracture risk evaluation and treatment. Consequently, rec-
ommendations to optimize post-fracture care were made
by several international societies including the Interna-
tional Osteoporosis Foundation (IOF) [4, 5]. These recom-
mendations include the implementation and optimisation
of specialised Fracture Liaison Services (FLSs). At the
FLS, a standardized evaluation of secondary fracture risk
and personalized treatment based on these risks is offered
[6, 7]. FLS care has shown to effectively reduce the risk
of subsequent fractures and mortality [7]. Fall risk evalu-
ation is advised, but often not yet routinely implemented
in FLS care, and has only recently been named as a key
performance indicator by the Capture the Fracture net-
work [6]. However, the importance of fall risk evaluation
at the FLS is evident; up to 90% of fractures are caused
by a fall and patients attending the FLS have a high preva-
lence of fall risk factors ranging from 60 to 84% [8, 9].
Recently, a prospective study of FLS patients reported a
subsequent 3-year fracture incidence of 11%, even though
patients were treated according to current fracture preven-
tion guidelines, with extensive fracture risk evaluation and
according treatment, e.g., by anti-osteoporotic medication
[10]. While evaluating these subsequent fractures, 78%
were found to be fall related, half of which was sustained
at the first fall and suffering a fall after the initial fracture
resulted in a ninefold higher risk of a subsequent fracture
[10]. A recent large population-based study found similar
patterns of imminent fall and fracture risk after incident
fracture, suggesting that the imminent fracture risk might
very well be attributable to an imminent fall risk [11].
Fall risk is caused by a variety of risk factors, of which a
decline in muscle strength and physical performance are
amongst the most important [12, 13].

Muscle strength and physical performance can be quan-
tified by several performance tests, that are also used in
the revised algorithm of the European Working Group on
Sarcopenia in Older People (EWGSOP2) to assess sar-
copenia in clinical practice [14]. Recent efforts in older
populations have shown sarcopenia and decreased perfor-
mance on several tests be associated with a higher future
fracture risk [15, 16]. Also, in fracture populations, many
studies report on lower functional performance after inci-
dent fracture, as summarized in a review by Szulc [17].
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However, in this review, large heterogeneity was present
among the included studies, e.g., in terms of fracture type,
ages (mostly older patients, not including ages 50-65 year
olds), and sex of the populations that were studied and
interventions such as exercise training that were performed
after the fracture. Thus, clinicians lack a comprehensive
overview of the physical performance of patients at the
time of FLS evaluation, including the ‘younger’ fracture
patients, and patients with a broad range of fracture types.
In this study, we present measurements of four physical
performance tests the chair stand test (CST), hand grip
strength (HGS), the timed up and go (TUG), and the 6-min
walking test (6MWT) in patients attending the FLS after a
recent clinical fracture. While poor performance on these
tests is often defined using cut-off scores, we aim to give a
comprehensive overview of physical performance of FLS
patients by comparing these measures to age- and sex-
related reference data (mean and SD) using Z-scores.

Methods
Study population

A cross-sectional study was conducted in patients with a
clinical vertebral or non-vertebral fracture attending the
Fracture liaison Service (FLS) in VieCuri Medical Center
located in the south of the Netherlands from November
2013 to June 2016. Subsequent fracture risk evaluation
includes clinical evaluation, laboratory tests, medication
review, vertebral fracture assessment (VFA), bone mineral
density (BMD) measurement using DXA, and ideally also
a fall risk assessment [6, 18]. All adults aged 50-90 that
visited the emergency department with a radiologically con-
firmed fracture were screened for fracture risk evaluation
by trained nurses. Those eligible for fracture risk evalua-
tion were invited to attend the FLS as part of usual care.
Ineligible patients were persons living outside of the region,
with a low life expectancy (less than a year), or already
under care for osteoporotic or oncological care. Further,
patients with facial and skull fractures, prosthetic failure,
pathological fracture, or osteomyelitis were not invited.
For this study, patients with missing values on weight and
height, or missing values on all functional performance
tests (CST, HGS, TUG, and 6MWT) due to logistical issues
(e.g., issues around availability of equipment, appointment
scheduling, or lack of time or personnel) or unknown causes
were excluded. Patients who were unable to perform these
tests due to physical inability were included. Patients were
evaluated and treated according to the Dutch guidelines for
osteoporosis and fracture prevention [19].
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Measurements

Age at the time of fracture, weight (kg), height (cm), and
BMI (kg/m?) were measured during the FLS visit. During
the FLS visit, the patients were asked to complete a ques-
tionnaire containing information about medical history and
medication use, residential status, cause of the fracture, and
information on previous fractures. Furthermore, medical his-
tory was extracted from medical records of the emergency
department visit. Comorbidities were classified according to
the tenth revision of International Classification of Disease
(ICD-10). Dual-energy X-ray absorptiometry (DXA, Hol-
ogic Inc, Bedford, MA, USA), was used to measure bone
mineral density (BMD) and measurements of body com-
position. Osteoporosis was defined as bone mineral den-
sity T-score < — 2.5, osteopenia as T-score between — 1.0
and — 2.5, and a normal BMD as a T-score > 1.0 at the hip,
femoral neck, or lumbar spine [20]. Prevalent vertebral frac-
tures (VFs) were assessed on lateral spine images acquired
with DXA. The grading of VFs was done morphometrically
using the classification of Genant [21], based on percent-
age height loss and were categorized according to the most
severe VF, as follows; grade 1 (20 to 25%), grade 2 (>25
to 40%), or grade 3 (height loss >40%). Appendicular lean
mass (ALM) was calculated as the sum of lean tissue in
the arms and legs (kg) [22] and was corrected for squared
height [14].

Physical performance tests

Physical functioning tests at baseline included CST, HGS,
TUG, and 6MWT. All tests have a good to excellent inter-
rater reliability in older populations with and without comor-
bidities (supplemental Table 1). All tests were conducted by
trained nurses. Lower body strength was assessed by 30-s
CST [23]. Participants were instructed to start in seated posi-
tion, to not use the armrests, cross the arms over the chest,
stand up, and fully sit back down in-between stands. The
measured outcome was the number of times a person can
fully stand up from a chair in 30 s time. HGS was meas-
ured by handheld dynamometer JAMAR, Sammons Pres-
ton, Bolingbrook, Illinois). HGS testing was performed in
seated position, with the elbows flexed at 90°. The maximum
handgrip strength from three attempts for the left hand and
three attempts for the right hand was used for analysis and
was defined as the best score out the six attempts. TUG was
used to measure balance, walking ability and overall mobil-
ity [24]. Participants were asked to rise from a chair with
armrests, walk for three meters, turn, walk back to the chair,
and sit down. The use of walking aids was permitted. The
measured outcome was time to perform TUG in seconds.
The TUG was performed three times and the mean score
was calculated. If patients could only perform the test one

or two times, the mean of those scores was used. Lastly,
6MWT was used to measure walking ability and functional
exercise capacity [25]. Patients were asked to walk up and
down between the safety cones on either end of a 10 m level
linoleum hallway, at a comfortable speed, while covering as
much distance as possible. Use of walking aid was permitted
and patients were allowed to rest or stop when needed. No
encouragements were given during the test. Patients per-
formed the test one time, and walking distance in meters
(6MWD) was scored. Confirmed sarcopenia was defined
according to the EWGSOP?2 criteria, as having either low
HGS or low CST scores, and low ALM, e.g., “confirmed sar-
copenia” [14]. “Probable sarcopenia” was defined as having
either low CST or low HGS scores. The guideline’s cut-off
scores for HGS are < 16 kg for females and <27 kg for males
and of CST > 15 s for five rises. As the 30-s CST was per-
formed in this study, the cut-off score for low performance
on CST was adapted to < 10 stands in 30 s. The guideline
defines low ALM as < 7.0 kg/m? for males and < 5.5 kg/m?
for females. Osteosarcopenia was defined as having “con-
firmed sarcopenia,” combined with having osteoporosis or
osteopenia [26].

Fracture classification

Fractures were grouped in three ways; first, according to the
center classification into four different fracture categories:
1. hip fractures, 2. major fractures (vertebra, multiple rib,
humerus, pelvis, distal femur, and proximal tibia), 3. minor
fractures; all remaining except fingers and toes which were
grouped separately in group 4 [2]. Multiple fractures were
allocated according to the most severe fracture. The center
classification groups’ fractures based on mortality risk after
the fracture. Second, fractures were grouped according to
the most important osteoporotic fractures of the IOF clas-
sification: major osteoporotic fracture (MOF) including
lower arm, hip, humerus, clinical vertebrae fractures, and
non-MOF fractures (all other fractures). The third group-
ing covered all lower extremity fractures (any fracture from
the pelvis down) versus all upper body fractures (all other
fractures) and was chosen to differentiate if proximity of the
fracture is of influence on the physical performance.

Reference data selection

To adequately assess physical performance of the FLS
patients, a comparison to a healthy age- and sex-related
reference population using Z-scores was chosen, compara-
ble with the use of T-scores in osteoporosis measurements.
While many test cut-off points for poor physical perfor-
mance are proposed in the literature, some methodologi-
cal issues could lead, when used, to a biased overview of
poor physical performance in a population. First, a wide
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variety of different cut-off scores exist for all tests with-
out established consensus on the optimal cut-off point.
Cut-off scores are developed based on different outcomes
for poor performance (e.g., the TUG cut-off score for is
falls 15 s, for fractures 13.5 s, and sarcopenia 20 s [14,
15, 27]. Last, most are a “one-size fits all” cut-off score
and not stratified to age and sex [14, 15, 27], which could
lead to over- or underestimation of test results in specific
groups. To secure optimal reference data of the general
population, we carried out a semi-structured literature
search in March 2022. The search strategy incorporated
a combination of “Medical Subject Headings” or “Title/
Abstract” terms describing “reference values” and physi-
cal performance test, e.g., “TUG, 6MWT, CST or HGS.”
The search strategy, outcome and rationale of the literature
search is presented in Supplementary Table 1 and 2. For
the TUG we applied the reference data from Svingy et al.
[28], a large (N =15400) Norwegian cross-sectional study
including community-dwelling older persons aged 60—84
and published mean and SD’s that were comparable to
other study in a Western population of Kenny et al. [29].
Results of Kenny et al. for the age categories 50-60 were
studied and it was decided that the reference values of
Svingy et al. for 60 year olds could be extrapolated to
50-60 year olds. For 30CST and 6MWT, reference data
was provided by Rikli and Jones et al. including 7183
community dwelling adults from the United States aged
60-94 [30]. The reference data from Rikli and Jones dates
from 1999. However, reference data for the 30 s CST were
particularly scarce and the testing method of Rikli and
Jones was completely identical to ours as they were the
first to develop this test. CST outcome of Rikli and Jones
were compared to a more recent German cohort study of
Albrecht et al. that did not meet inclusion criteria of the
age range and results between the two studies were largely
comparable [31]. Based on a comparison with other litera-
ture [32], it was decided that the reference values of Rikli
and Jones et al. for 60 year olds could be extrapolated to
50-60 year olds. For the 6WMT, not all inclusion criteria
were met; no study had identical testing methods except
for Beekman et al. [33]; however, they did not present
results stratified to age and sex groups. Means and SD
of Rikli and Jones were used and their sex-stratified out-
comes were compared to Beekman et al. and Casanova
et al. [34], both of the latter reported higher means in both
sexes. Thus, possible low performance of the FLS popula-
tion might be even higher if other reference populations
were used [30]. Finally, for the HGS, the reference data
were derived from the meta-analysis of Dodds et al. which
included data on HGS of 49,964 persons from 12 general
population studies from across the United Kingdom [35],
with similar testing methods and high comparability with
reference data from other developed countries.
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Statistical analysis

In the descriptive analysis mean and SD were calculated for
normal distributed data. For non-normally distributed data
medians and interquartile ranges were presented. Normal-
ity was visually assessed, and due to the large sample size
approximately normal distributions were accepted. Patient
specific Z-scores were calculated for each test, using the
age- and sex-specific means and SD derived from the litera-
ture. The mean Z-scores were tested against the theoretical
expected value of O of the reference population (the healthy
age- and sex-related peers) using one-sample T-tests. Frac-
ture group-specific boxplots of the Z-scores were created,
according to center classification, stratified to sex and age.
All categories shown have > 5 persons included in the analy-
sis. Impaired and poor performance were defined as scoring
1SD and 2SD below age and gender norms, respectively,
and proportions of impaired and poor performance were
calculated. Patients who were physically unable to perform
these tests were included in the poor performance group
(>2SD deviance from normative expectations). Uni- and
multivariate linear regression models were used to investi-
gate the association between the different fracture groupings
and the Z-scores of the different performance tests. Follow-
ing groups were tested: center major and hip fractures (with
Center Minor as reference group), IOF MOF (non-MOF as
reference group), lower extremity (upper extremity fractures
as reference group), prevalent VF, excluding all patients
with a clinical vertebral fracture (no prevalent VF as refer-
ence group). Multivariable analyses were adjusted for age,
sex, and time since fracture. As a sensitivity analysis the
descriptive analysis of the performance tests, comparison
of Z-scores using T-tests and the proportions of impaired
and poor performance were also calculated for the popula-
tion excluding finger and toe fractures, as these fractures are
often not included in FLS populations. A P value of <0.05
was considered statistically significant. Statistical analyses
were run in SPSS (IBM SPSS Statistics 28).

Results

Between November 2013 and June 2016, a total of 1947
patients attended the FLS, of whom 92% n=1789 (70.7%
females) were included in this study (flowchart presented
in Supplementary Fig. 1). Population characteristics are
presented in Table 1. Median age (IQR) was 64 (57-74)
and 66 (59-74) for males and females, respectively, with
10% of the patients aged 80 years or older. The FLS visit
took place at a mean of 3.9+1.6 months after fracture
and 92.6% of patients were evaluated at the FLS within
6 months after fracture. Osteoporosis was diagnosed in
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Table 1 Population characteristics

Males Females
Number of participants® 525 (29.3) 1264 (70.7)
Age (years)® 64 (57-74) 66 (59-74)
Age groups®
50-59 179 (34.1) 320 (25.3)
60-69 166 (31.6) 469 (37.1)
70-79 126 (24.0) 348 (27.5)
80-89 54 (10.3) 127 (10.0)
Height (cm)® 175.5+7.4 162.0+6.7
BMI (kg/m?)°
18,5-24,9 127+24.2 454+35.9
25-29.9 263+50.1 466+36.9
>30 135+25.7 344+27.2
Months since fracture® 4.0+1.7 3.9+1.5
Fracture date > 6 months ago® 43 (8.2) 89 (7.1)
Fracture type®
Major osteoporotic fracture 183 (34.9) 556 (44.0)
Minor osteoporotic fracture 342 (65.1) 708 (56.0)
Center: hip fracture 47 (9.0) 77 (6.1)
Center: major fracture 142 (27.0) 357 (26.1)
Center: minor fracture 267 (50.9) 736 (58.2)
Center: finger and toe fracture 69(13.1) 121 (9.6)
Upper extremity fracture 328 (62.5) 786 (62.2)
Lower extremity fracture 197 (37.5) 478 (37.8)
Multiple fractures 33(6.3) 64 (5.1)
Normal BMD? 151 (28.1) 242 (19.2)
Osteopenia 267 (50.9) 633 (50.1)
Osteoporosis 107 (20.4) 388 (30.7)
Prevalent vertebral fracture® 89 (16.9) 180 (14.2)
Comorbidities®
COPD 46 (8.8) 94 (7.4)
Cardiovascular disease 251 (47.8) 644 (50.9)
Neurodegenerative disease 7(1.3) 18 (1.4)
Diabetes mellitus 54 (10.3) 154 (12.2)
Osteoarthritis 57 (10.9) 210 (16.6)

BMD bone mineral density, BMI body mass index, COPD chronic
obstructive pulmonary disease. Prevalent vertebral fracture=Grade
2-3 vertebral fractures of the Genant classification

2Count (%)
"Median (IQR)
‘Mean+SD

20.4% of males and 30.7% of females and 16.9% and
14.2% had at least one prevalent grade 2—3 vertebral frac-
ture, respectively.

Results of physical performance tests were available
for 1759 (90.9%), 1781 (92.0%), 1733 (89.5%), and 1725
(89.1%) of the participants for CST, HGS, TUG, and 6MWT,
respectively (supplemental Fig. 1). The characteristics of
patients with missing functional performance measures were
similar to the total population. Results stratified by sex are
shown in Table 2. Based on the EWGSOP?2 criteria, 3.3%
of males and 2.5% of the females had sarcopenia. The pro-
portion of patients with probable sarcopenia was 30.9% for

males and 42.8% for females. Percentages of osteosarcope-
nia were 3.1% for males and 2.3% for females.

As shown in Table 2, the mean Z-score in our FLS popu-
lation was significantly lower compared to the reference pop-
ulation (P <0.0001) for CST —-0.72 (95% CI-0.76,—0.69),
HGS -0.54 (95% CI—0.58,—-0.48), TUG-0.34 (95%
CI-0.43,-0.25) and 6OMWT - 1.71 (95%CI—-1.76
to— 1.65). Of the FLS patients, 32.6%, 18.9%, 8.5% and
36.4% had an impaired performance (Z-score between — 1
to—2 SD) on CST, HGS, TUG, and 6MWT, compared to
an expected proportion of 13.6% in the reference popula-
tion, respectively (Table 3). Further, a poor performance
(<—2SD) was shown in 6.6%, 11.4%, and 13.1% and 35.2%
on CST, HGS, TUG, and 6MWT respectively, compared to
2.3% in the reference population. Proportions of impaired
and poor performance were similar between males and
females. Proportions of poor and impaired performance were
higher compared to expected proportions throughout all age
groups, except for TUG scores of 50-59 year olds in both
males and females(data not shown).

As presented in Fig. 1, for CST, 6MWT, and HGS, a
lower performance was shown for all age groups and frac-
ture types (hip, major, minor, and finger and toe) in both
males and females. For CST and 6MWT, the interquartile
range of all ages and fracture types was below the theoreti-
cal population mean of 0. For TUG, low performance was
most pronounced in hip fracture patients and patients aged
80+ with a major fracture.

When compared to minor fractures, hip and major
fractures were significantly associated (P <0.001) with
lower Z-scores for CST; (major: regression coefficient (B)
[95%CI] = —0.25 [-0.34 to—0.16]; hip: B= —0.32 [-0.47
to—0.17]), TUG (major: B= —0.54 [-0.75 to—0.33]; hip:
B=—-1.72[-2.08 to—1.35]) and 6MWT (major: B= —0.34
[—0.47 to—0.21]; hip: B=—0.99 [—1.22 to—0.77]), but
not for HGS (model 1, outcome adjusted for age, sex and
time since fracture) (Table 4). According to the IOF clas-
sification, MOF showed significant lower Z-scores com-
pared to non-MOF, but with smaller effect sizes ranging
between —0.09 and — 0.20). Lower extremity fractures have
significantly lower Z-scores on TUG, CST and 6MWT, but
are especially lower in TUG (B= —0.42 [-0.53 to—0.31])
and 6MWT (B= —0.36 [—0.53 to — 0.19]). Participants with
at least one prevalent VF grade 2 or 3, in addition to the
index, fracture had significantly lower Z-scores compared
to the participants without prevalent VF on CST (B= —0.22
[-0.34to—0.11]), TUG (B= —0.61 [-0.88 to — 0.34]), and
6MWT (B= —0.36 [-0.53 to—0.19]).

Sensitivity analysis

Supplementary Table 3 and 4 show the results of the study
population excluding finger and toe fractures of overall
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Table2 Overview of physical
performance measures of FLS

population Males
Test N
CST (no. of stands) 516
HGS (kg) 522
TUG (s) 510
6MWD (m) 507
ALM/height? 511
N
Sarcopenia
Probable 525
Confirmed 511
Osteosarcopenia 511

Outcome on physical performance tests

Females
Mean+SD N Mean+SD
11.51+3.37 1243 10.83+3.39
37.32+10.32 1260 21.30+7.70
9.01+£3.92 1223 9.77+4.57
405.47+117.5 1218 368.99+115.59
8.67+1.02 1203 7.04+0.98
N (%) N N (%)
162 (30.9) 1263 541 (42.8)
17 (3.3) 1202 30(2.5)
16 (3.1) 1202 28 (2.3)

Comparison of mean Z-scores to reference population

Total cohort

Test N

CST Z-score 1759
HGS Z-score 1782
TUG Z-score 1733

6MWT Z-Score 1725

Mean difference of 95% CI of mean difference One-sided t-test

Z-score
-0.72 —0.76 to—0.69 P <0.0001
—0.54 —0.58 to—0.48 P <0.0001
-0.34 —-0.43t0-0.25 P <0.0001
-1.71 —-1.76 to—1.65 P <0.0001

ALM appendicular lean mass, CST chair stand test, HGS handgrip strength, TUG timed up and go, 6MWD
6-min walking distance, 6MWT 6-min walking test. Sarcopenia was determined according to EWGSOP2

guidelines

Table 3 Proportion of patients
with impaired and poor

Impaired®* and poor® performance

performance Males Females Total cohort
N Impaired Poor N Impaired Poor N Impaired Poor  Impaired or
poor
CST 524 37.2% 6.5% 1263  30.7% 6.7% 1787  32.6% 6.6% 392%
HGS 525 16.8% 82% 1264 19.9% 127% 1789 18.9% 11.4% 30.4%
TUG 523 7.5% 14.1% 1260 9.0% 13.0% 1783 8.5% 13.3% 21.9%
6MWT 522 36.0% 41.6% 1252 36.5% 325% 1774 36.4% 352% 71.5%

CST chair stand test, HGS handgrip strength, TUG timed up and go, 6MWT 6-min walking test

“Impaired performance includes persons with test Z-score between -1SD to -2SD

®Poor performance includes patients with test Z-score < —2SD, and include persons who were unable to
perform physical function tests due to physical inability

physical performance, comparisons to the reference popu-
lation, and proportions of impaired and poor performance.
Results were largely similar compared to the main analysis,
with a small increase in the mean differences compared to the
reference population (Supplementary Table 3), and a small
increase of the proportion of patients with impaired and poor
performance (Supplementary Table 4).
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Discussion

Reporting on strength (HGS, CST, and TUG), balance
(TUG and 6MWT), and cardiorespiratory fitness (CST
and 6MWT) measures, this study provides a compre-
hensive evaluation on physical performance of patients
with a recent fracture attending the FLS for fracture risk
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are grouped according to the Center classification; hip fractures, major
fractures (vertebra, multiple rib, humerus, pelvis, distal femur, and prox-
imal tibia), minor fractures; all remaining except fingers and toes which

evaluation. This study shows that physical performance of
FLS patients four months after fracture was significantly
lower compared to their healthy peers, while the preva-
lence of confirmed sarcopenia was very low. Importantly,
stratified analysis showed a high proportion of patients
with impaired or poor performance in all age groups and
in both sexes, especially on the 6MWT, HGS, and CST
measures. Low performance on the TUG was mainly pre-
sent in patients with hip fractures. Major and hip fractures
and the presence of a prevalent VF were associated with
lower performance scores for CST, TUG, and 6MWT, but
not for HGS.

Physical performance of the FLS patients in our study
was low in several domains. These findings are in line with
previous research reporting on physical performance tests
after fracture, summarized by a recent review of Szulc et al.
[17]. However, comparability between the studies included
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were grouped separately. Multiple fractures were allocated according
to the most severe fracture. CST=chair stand test; HGS =handgrip
strength; TUG=timed up and go; 6MWT=6-min walking test. All
groups include>5 patients. Reference line represents theoretical popu-

lation mean. Ages: 50-59, 1 60-69, 1l 70-79, 1 80+

in this review is low as the study populations included in
this review are heterogeneous with respect to age, gender,
and time since fracture. Our study is unique in its approach
to assess physical performance for a wide range of frac-
tures, ages and both sexes, and in its comparison of FLS
patients to a predefined reference population of age- and
sex-related peers. The results of the stratified Z-scores
(Fig. 1) clearly indicate that the physical performance of
FLS patients is affected in both males and females and
in all age groups for CST, HGS, and 6MWT. As stated,
decreased physical performance is often defined using
cut-off scores. A wide variety of cut-off scores on muscle
strength and physical performance tests for increased fall-
and fracture risk are reported in the literature [15, 27].
Cut-off scores for low performance are often based on sta-
tistical parameters within the studied population (e.g., by
using quartiles or SD deviations from the mean) and are
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often not stratified to age and sex [15, 27]. However, it is
widely established that physical performance declines with
age and varies between sexes [28, 30, 35]. Using a one-
size fits all cut-off score might lead to an underestimation
of physical performance in older ages or females and an
overestimation of younger persons and males, and does
not give an unbiased overview of physical performance in
a population. Our study provides clinicians with insights
how to assess physical performance in fracture patients
that could be of value to comply with the recommenda-
tions of the recent Capture the Fracture network key perfor-
mance indicators, which recommends fall risk assessment,
e.g., based on performance on physical function tests, and
appropriate recommendations or referral to falls clinics
for all fracture patients [6]. These recommendations are
in line with the world guidelines for falls prevention that
recommend a multifactorial falls risk assessment, including
mobility testing, for all patients with an injurious fall, such
as fracture patients [12]. However, consensus on which test
is preferred to assess falls and fracture risk remains dif-
ficult. The umbrella review on physical performance tests
on behalf of the world falls guidelines reports gait speed
testing as a possible useful measure to predict falls, but
shows inconsistencies in the predictive ability of individual
physical performance tests for falls, including the TUG
and CST [27]. However, they underline the clinical value
of mobility assessment and identification of appropriate
targeted interventions, as well as the need to assess their
fall predictive ability in subpopulations in the future.
Several approaches to cluster fractures are reported in
literature, of which the center classification, the IOF clas-
sification and grouping based on fracture location are the
most commonly used. When comparing the results of these
different fracture classifications, the center classification
seems to be the most distinctive in terms of physical per-
formance; it showed the largest differences in effect sizes
in the association between fracture site and physical perfor-
mance. This might be explained by the fact that the center
classification groups patients based on mortality risk after
a fracture, with a higher risk of death after a major or hip
fracture types [2]. Correspondingly, lower physical perfor-
mance measures have previously been associated with a
higher mortality after fracture in osteoporotic males and
females [36, 37]. In the center classification, distal radius
fractures are classified as minor fractures, while these are
classified as MOFs according the to the IOF classification.
This might result in a lower performance on the HGS in
patients with a MOF, as well as in a relatively weaker asso-
ciation of MOF with all other tests Z-scores. Moreover,
our results show that the presence of prevalent vertebral
fractures was associated with low physical performance,
which is in line with previous findings [17]. These findings
imply that assessment of physical performance should have

extra emphasis in FLS patients with a major or hip fractures
and in patients with prevalent vertebral fractures. Although
evidence regarding the optimal intervention for regaining
functional fitness and the prevention of future falls after
a fracture is still scarce, personalized and multifactorial
interventions show some promising results, especially in
hip fracture patients [38].

It is known that sarcopenia is associated with falls and
Vranken et al. have recently reported that patients with a
fracture attending the FLS have a high risk of sustaining
new falls and subsequent fractures [10]. Despite the high
proportion of poor performance on individual tests, the
proportion of FLS patients with confirmed sarcopenia as
well as osteosarcopenia is low compared to the literature.
A recent global review an meta-analysis on the preva-
lence of sarcopenia reported a wide ranging prevalence
of sarcopenia, varying from 0.2 to 86.6% depending on
used classification and population. However, only three
studies included in the meta-analysis used the EWGSOP2
(n=5720, all older persons without a fracture), and an
estimated prevalence of 10% (95% CI: 2.0-17.0%) was
reported [39]. In a recent study in older fracture patients
visiting a fall and fracture evaluation, a prevalence of oste-
osarcopenia of 25% was reported, while in our study the
prevalence was only 3.1% for males and 2.3% for females
[40]. This difference could partly be explained by the
higher mean age of that study (77.9 +0.42). The ALM of
our study population is comparable to healthy populations
[41], with only 4.2% of males and 4.0% of females having
an ALM below the sex-specific cut-off values. Possibly,
the high BMI of our study population could impose bias as
patients with higher fat tend to have higher ALM, result-
ing in a lower proportion of sarcopenia in our cohort [14,
42]. Interestingly, when using the definition of “probable
sarcopenia,” proportions in our study are much higher com-
pared to large older community dwelling population stud-
ies reporting ranges between 23.5% (mean age 75.9 +4.0)
and 33.1% (mean age 70.1 +7.7) [43, 44]. Several studies
describes muscle strength as a stronger predictor for mobil-
ity impairment and fractures compared to muscle mass [15,
45]; for persons with low strength, McLean et al. reported
similar odds of mobility impairment for those with high
or low muscle mass [45]. This is in line with EWGSOP2
guidelines that propose the diagnosis of “probable sarco-
penia” is enough to trigger further assessment and start
interventions [14]. The evaluation of individual physical
performance measures using single domains testing has
shown to be promising in predicting incident fractures and
mortality in several populations [15, 36, 46, 47]. However,
more prospective studies are needed, in fracture popula-
tions specifically, to test associations between impaired
physical performance with clinical outcome measures, such
as subsequent fractures and mortality.
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Strengths and limitations

We have included a large study population of males and
females with a wide range of fracture types and ages,
assessing physical performance at the FLS. Our study
population seems to be representative for the general
FLS population and 92% of patients were able to per-
form the physical evaluation. However, it is important
to note that our study might not be representative for all
fracture patients as the FLS population is inherently a
selection of all fracture patients; FLS non-attenders are
known to be older with a higher proportion of hip frac-
tures [10]. Second, the physical performance reported in
our study is subject to the mean time since fracture of
four months, in which the rehabilitation after fracture is
not always fully completed. We did not have informa-
tion on the type, length, or intensity of the rehabilitation.
It is likely that a large difference in rehabilitation pro-
grams was present among FLS patients due to differences
in fracture type and fracture treatment that might have
influenced the results on physical performance tests.
Inevitably, while using reference data from population
studies, the outcome depends on the reference values
that are used. Determining optimal reference data for
the BMWT was especially challenging, due to high vari-
ability in execution of the test as well as in the reported
outcomes (i.e., reference equations). However, recent
reference studies have reported similar or higher means
per age and sex stratification compared to the reference
data of Rikli et al. which we have used in our study [30,
33, 34]. Finally, the large proportion of poor performers
on 6MWT would be similar, or even higher, when using
these more recently published reference values.

Conclusion

Patients with a recent fracture attending the FLS four months
after fracture had a significantly lower performance on CST,
HGS, TUG, and 6MWT as compared to peers. There is a
low prevalence of sarcopenia as defined by the EWGSOP2.
These findings underline the need for the assessment of
physical performance during the FLS visit, and personal-
ized physical therapy to regain their physical performance
should be considered for all FLS patients.
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