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NORSK SAMMENDRAG:  
 

Gangfunksjon etter hoftebrudd  
Identifisering av gangkarakteristika og intervensjoner for å optimalisere gangfunksjon 

 

I Norge er det vel 9000 hoftebrudd hvert år. Årlige kostnader er 4.5 milliard og det vil være en stor 
samfunnsøkonomisk gevinst knyttet til bedring av behandlings- og rehabiliteringstilbudet for denne 
gruppen. Hoftebrudd rammer i all hovedsak eldre. Et hoftebrudd representerer ofte en dramatisk endring i 
livssituasjon, tap av selvstendighet i daglige funksjoner og økt hjelpebehov. Få gjenvinner samme 
gangfunksjon som før bruddet, flertallet blir avhengig av ganghjelpemidler og risikoen for nye fall er 
betydelig. Tapet av funksjon er ofte større enn hva skaden alene skulle tilsi, og dette forklares gjerne med 
at eldre med hoftebrudd representerer en særlig sårbar gruppe pasienter. I dag er det begrenset kunnskap 
om hvilke type behandling og rehabilitering som kan bidra til å redusere funksjonstapet og optimalisere 
gangfunksjon hos denne sårbare pasientgruppen.  

Avhandlingen er basert på gangdata fra totalt 620 hoftebrudds pasienter, inkludert i to ulike klinisk 
randomiserte studier, en med fokus på sykehusbehandling og en med fokus på fysioterapi i kommunal 
regi. Fire ulike gangkarakteristika: dobbel standfase, gangratio, variabilitet og asymmetri ble identifisert 
ved hjelp av faktoranalyse, og blir foreslått som gode indikatorer på gangkvalitet etter et hoftebrudd.  
Resultatene viste at pasienter som hadde fått behandling på en geriatrisk sengepost i forbindelse med 
hoftebruddet hadde bedre gangkvalitet et år etter bruddet, rapporterte bedre mobilitet og det var flere som 
fremdeles var i stand til å gå et år etter, sammenlignet med pasienter som hadde fått standard behandling 
på en ortopedisk sengepost. Treningsstudien viste at en stor andel av eldre som har hatt hoftebrudd er i 
stand til å gjennomføre et relativt intensivt treningsprogram når det foregår i hjemmet under veileding av 
fysioterapeut. Det ser imidlertid ut som kognitiv svikt kan være en barriere for deltagelse, noe som 
indikerer at dette er en gruppe som krever ekstra oppmerksomhet.  

Disse funnene indikerer at mange eldre med hoftebrudd i dag ikke får et optimalt tilbud med tanke på å 
gjenvinne gangfunksjon, og at det er et potensiale for å bedre behandlings og rehabiliteringstilbudet ved å 
innføre modeller basert på geriatrisk utredning og behandling. 
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RESEARCH ARTICLE Open Access

Comparison of programs for determining
temporal-spatial gait variables from instrumented
walkway data: PKmas versus GAITRite
Thorlene Egerton1*, Pernille Thingstad1 and Jorunn L Helbostad1,2

Abstract

Background: Measurement of temporal-spatial gait variables is common in aging research with several methods
available. This study investigated the differences in temporal-spatial gait outcomes derived from two different
programs for processing instrumented walkway data.

Method: Data were collected with GAITRite® hardware from 86 healthy older people and 44 older people four
months following surgical repair of hip fracture. Temporal-spatial variables were derived using both GAITRite® and
PKMAS® processing programs from the same raw footfall data.

Results: The mean differences between the two programs for most variables were negligible, including for Speed
(mean difference 0.3 ± 0.6 cm/sec, or 0.3% of the mean GAITRite® Speed). The mean absolute percentage difference
for all 18 gait variables examined ranged from 0.04% for Stride Duration to 66% for Foot Angle. The ICCs were
almost perfect (≥0.99) for all variables apart from Base Width, Foot Angle, Stride Length Variability, Step Length
Variability, Step Duration Variability and Step Width Variability, which were all never-the-less above 0.84. There were
systematic differences for Base Width (PKMAS® values 1.6 cm lower than GAITRite®) and Foot Angle (PKMAS® values
0.7° higher than GAITRite®). The differences can be explained by the differences in definitions and calculations
between the programs.

Conclusions: The study demonstrated that for most variables the outcomes from both programs can be used
interchangeably for evaluation of gait among older people collected with GAITRite® hardware. However, validity
and reliability for Base Width and Foot Angle derived by PKMAS® would benefit from further investigation.

Keywords: Gait, GAITRite, PKMAS, Reliability, Aging

Background
Gait analysis provides highly relevant outcomes for the
older population. It reflects both impairment-level de-
ficits and functional status [1-3]. Temporal-spatial gait
variables have repeatedly been shown to be important
for identification of injury/disease [4-6], prediction of
falls [7,8], and quantification of the effect of interven-
tions [9,10]. In particular, gait speed has been associated
with health status, activity levels and quality of life, and
is predictive of future morbidity and mortality [11-14].

The GAITRite® system is a well established method of
quantifying gait. Over 200 papers have been published
since 2000 using data collected and processed with the
GAITRite® system. The measurement properties of a
large number of temporal and spatial outcomes derived
from GAITRite® data have been reported (eg. [15-17]).
Recently, a new program has been developed in order to
solve some of the problems with processing difficult
footstep patterns, for example overlapping steps and
turns. The PKMAS® software purports to accurately de-
rive temporal-spatial outcomes from raw GAITRite®
data. However, in order to interpret clinical and research
findings from PKMAS® processed gait data, and to be
able to draw comparisons with published data that has
used the GAITRite® system, the inter-program reliability
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of the two processing algorithms needed to be examined.
A direct comparison of outcomes from the same walk
trials would enable the degree of variability caused by
the processing program alone to be determined, irre-
spective of other sources of noise in the data.
This study examined the level of agreement and inter-

program variability between the two processing programs,
using data from older people walking at self-selected, pre-
ferred speed, on a GAITRite® mat. Very high levels of
agreement for an outcome variable would indicate the
variable is interchangeable regardless of the program used
to process it. Systematic differences, if known, can be
taken into consideration during comparisons. Lower levels
of agreement due to random spread of differences would
suggest the outcome may have important differences
when processed with PKMAS®, and the reliability and val-
idity of the variable should not be assumed to be the same
as with GAITRite®.

Methods
Participants
Data from two groups of participants were used for this
study. The first group consisted of 100 healthy older
people from the community in Trondheim, Norway.
They were recruited for the Generation 100 study, an
exercise intervention study (ClinicalTrials.gov identifier:
NCT01666340). The second group included 50 older
people, who were tested four months after surgical re-
pair of hip fracture. The hip fracture patients were all
part of the Trondheim Hip Fracture Trial [18]. All par-
ticipants gave written informed consent to participate in
their respective studies. Ethical approvals for the stud-
ies, which included the use of their data for purposes of
cross-sectional and methods analyses, were granted by
the Norwegian Ethical Review Board for Medical and
Health Research (REK) – South East Region (2013/787b)
and the Regional Committee of Ethics in Medical Re-
search (Mid-Norway) (REK4.2008.335) respectively.

Procedures
For the healthy group, the baseline GAITRite® (CIR Sys-
tems Inc, Havertown, PA) raw data was collected using a
5.5 m mat (active length). Participants were asked to
walk along the walkway at their preferred (usual) speed
starting and stopping at least 1 m outside the ends of
the mat (total walkway length at least 8.7 m). The hip
fracture group were similarly asked to walk along a
4.7 m GAITRite® mat (total walkway at least 7.7 m)
at their preferred speed. Only the first pass was used
for this study.
The raw data was processed with both GAITRite® (v3.8E)

and PKMAS® (v507C4I3) (ProtoKinetics, Havertown, PA)
software and exported to Excel. After processing, all walks
were checked to ensure the same steps, as well as the same

number of steps, were used in both processing methods.
Thirteen healthy participants and six hip fracture partici-
pants were excluded because during the processing of the
walk files, a different number of steps were retained. A
slight variation in which footfalls are retained would lead
to small differences in the outcome variable values. This
difference is likely to be clinically insignificant, but we
wanted to exclude all sources of variation apart from those
caused by the different software algorithms. It was noted
that when the walk had two or fewer footfalls with one
foot, PKMAS® does not calculate standard deviation (SD)
for ipsilateral Stride Length, Step Length, Stride Duration,
Step Duration and Base Width. In GAITRite®, SD of Stride
Length, Stride Duration and Base Width are not calculated.
When there is no SD calculated, PKMAS® exports a blank
cell to Excel, however GAITRite® exports a zero. This cre-
ates an error when the right and left values are averaged.
For this reason we excluded walks where there were less
than six footfalls in total. One healthy participant was ex-
cluded for this reason.

Outcome variables
There are many gait variables that can be derived from
data collected with GAITRite® mats. The outcome vari-
ables compared in this study were chosen as those previ-
ously reported in validity and/or reliability studies using
the GAITRite® system (eg. [15-17], further information is
provided in Additional file 1: A). The included variables
were those that are calculated from the footfalls them-
selves, rather than variables that are derived from other
gait variables. Thus symmetry variables and composite
scores were not examined. Exceptions to this are Speed
which is combines Stride Length and Stride Duration,
and the ‘percentage of gait cycle’ variables. For all vari-
ables apart from Speed and Cadence, the mean of the
left and right values were calculated and used as a single
data point for the variable.

Statistical analyses
Mean difference between values for each outcome vari-
able from the two programs, and the percentage error
(mean of the absolute difference expressed as a pro-
portion of the GAITRite® value) were obtained for each
group to identify the magnitude of the differences be-
tween the processing algorithms. The mean percentage
difference underestimates the variability at individual le-
vel if differences are both positive and negative. The
mean absolute percentage differences were therefore cal-
culated to better indicate the size of the error at individ-
ual level. The mean differences for the total cohort are
also presented with this difference expressed as a per-
centage of the mean GAITRite® value. Intraclass cor-
relation coefficients (ICC) for absolute agreement (2,1)
and consistency (3,1) were calculated for each pair of
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outcomes to determine inter-program reliability [19].
Absolute agreement indicates how close individual data
points are to each other using the two programs, while
consistency indicates the relative agreement or agreement
regardless of systematic error [20]. The Bland-Altman
method was used to calculate the 95% limits of agreement
(LOA) to demonstrate the spread of differences [21], and
mean versus difference plots were inspected in order to
identify heteroscedasticity in the differences over the
range of values.

Results
The final cohort consisted of 86 healthy and 44 hip
fracture participants who had mean age ± SD of 72.0 ±
1.3 years and 82.7 ± 6.0 years respectively. Fifty-six per-
cent of the healthy group and 82% of the hip fracture
group were women. Table 1 presents the group means
for each group, each program and each variable, plus the
mean difference between the values generated by each
processing program and mean absolute percentage dif-
ferences. The mean differences between programs were
similar for both groups of participants, although the
mean absolute percentage difference was sometimes higher
among the healthy group for the variability measures

because the SD values tended to be lower among the
healthier older people.
Table 2 presents the results of the ICCs, differences

for the total cohort, and LOA. The inter-program re-
liability was very high (both ICCs ≥ 0.99, p < 0.001) for
Speed, Cadence, Stride Length, Step Length, Stride Dur-
ation, Step Duration, Stance Duration, Swing Duration,
Double Support Duration, Stance%, Double Support%
and Stride Duration Variability. ICC(2,1) showed abso-
lute agreement above 0.95 for all others except Base
Width (0.86) and Step Length Variability (0.84). ICC(3,1)
was similar to absolute agreement for all measures ex-
cept Base Width where consistency was very high at
0.97. High consistency but lower absolute agreement in-
dicates that there was a systematic difference in the Base
Width values.
The magnitudes of the mean differences between the

two programs were very small relative to the magnitudes
of the variables themselves for all measures apart from
Base Width (mean difference −1.6 cm, or 17.4% of mean
GAITRite® value) and Foot Angle (mean difference 0.7°,
or 9.7% of mean GAITRite® value). Mean absolute per-
centage differences showed individual differences could
be quite large for all of the variability measures except

Table 1 Data for each outcome variable

Healthy group Hip fracture group

GAITRite®
(mean ± SD)

PKMAS®
(mean ± SD)

Mean difference* ±
SD (% error)

GAITRite®
(mean ± SD)

PKMAS®
(mean ± SD)

Mean difference* ±
SD (% error)

Speed (cm/s) 129 ± 21 129 ± 21 0.3 ± 0.6 (0.4%) 60 ± 22 61 ± 23 0.4 ± 0.5 (0.9%)

Cadence (steps/min) 110 ± 10 110 ± 10 −0.1 ± 0.2 (0.1%) 93 ± 15 92 ± 15 −0.0 ± 0.1 (0.1%)

Stride length (cm) 140 ± 16 140 ± 16 −0.0 ± 0.2 (0.1%) 78 ± 25 78 ± 25 0.1 ± 0.6 (0.3%)

Step length (cm) 70 ± 8 70 ± 8 −0.1 ± 0.4 (0.5%) 39 ± 13 39 ± 13 0.2 ± 0.3 (0.7%)

Stride duration (s) 1.1 ± 0.1 1.1 ± 0.1 0.00 ± 0.00 (0.04%) 1.3 ± 0.2 1.3 ± 0.2 0.00 ± 0.00 (0.1%)

Step duration (s) 0.55 ± 0.05 0.55 ± 0.05 0.000 ± 0.003 (0.5%) 0.67 ± 0.11 0.67 ± 0.11 −0.001 ± 0.004 (0.5%)

Stance duration (s) 0.69 ± 0.07 0.69 ± 0.07 0.003 ± 0.006 (1.2%) 0.93 ± 0.18 0.94 ± 0.18 0.011 ± 0.019 (1.4%)

Swing duration (s) 0.41 ± 0.03 0.41 ± 0.03 −0.002 ± 0.004 (0.5%) 0.40 ± 0.08 0.40 ± 0.08 −0.004 ± 0.007 (1.3%)

Double support duration (s) 0.28 ± 0.04 0.28 ± 0.05 0.004 ± 0.008 (1.5%) 0.53 ± 0.16 0.53 ± 0.16 0.009 0.013 (1.8%)

Stance time as a percentage of cycle
time (%)

62.6 ± 1.3 62.8 ± 1.4 0.17 ± 0.35 (0.3%) 69.6 ± 4.5 69.9 ± 4.5 0.30 ± 0.46 (0.5%)

Double support time as a percentage
of cycle time (%)

25.3 ± 2.6 25.7 ± 2.8 0.39 ± 0.84 (2.1%) 39.3 ± 8.9 39.8 ± 9.1 0.52 ± 0.98 (1.9%)

Base width (cm) 8.7 ± 2.5 7.1 ± 2.8 −1.64 ± 0.71 (21.4%) 10.4 ± 3.7 8.9 ± 3.9 −1.58 ± 1.00 (19%)

Foot angle (°) 6.8 ± 3.8 7.5 ± 3.7 0.65 ± 1.02 (66%) 7.7 ± 5.7 8.5 ± 5.6 0.76 ± 0.82 (40%)

Variability (SD) in Stride Length (cm) 2.4 ± 1.2 2.6 ± 1.2 0.17 ± 0.50 (28%) 4.1 ± 1.9 4.1 ± 1.8 0.00 ± 0.43 (9%)

Variability (SD) in Step Length (cm) 1.6 ± 0.7 1.7 ± 0.8 0.03 ± 0.55 (32%) 2.7 ± 1.1 2.7 ± 1.0 −0.08 ± 0.56 (17%)

Variability (SD) in Stride Duration (s) 0.02 ± 0.01 0.02 ± 0.01 0.001 ± 0.003 (7%) 0.07 ± 0.04 0.07 ± 0.04 0.000 ± 0.002 (2.3%)

Variability (SD) in Step Duration (s) 0.01 ± 0.01 0.01 ± 0.01 −0.001 ± 0.005 (20%) 0.04 ± 0.02 0.04 ± 0.02 −0.001 ± 0.004 (8%)

Variability (SD) in Step Width (cm) 1.9 ± 0.9 2.0 ± 0.9 0.05 ± 0.18 (9%) 1.8 ± 0.8 2.0 ± 0.9 0.12 ± 0.23 (11%)

*Negative differences indicate GAITRite® higher than PKMAS®.
SD = standard deviation.
Mean ± SD, mean difference ± SD and mean absolute percentage error, for each group, each system and each variable.
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Stride Duration Variability. Mean absolute percentage
differences were also large for Base Width (around 20%,
differences ranged from −4.1 to 0.4 cm) and Foot Angle
(range −2.6 to 3.5°). The magnitude of the differences was
especially high for Foot Angle with mean absolute per-
centage difference for the cohort of 57%.
Scatter plots and Bland-Altman plots are shown for

Speed, Base Width, Step Length Variability and Stride
Duration Variability in Figure 1. The plot for Base Width
shows >95% of differences were negative indicating that
PKMAS® Base Width values were systematically lower
than the GAITRite® values. The plots for Stride Duration
Variability (not shown) and Step Duration Variability
showed greater differences for lower values of variability
which affected only a small number of healthy partici-
pants. Apart from these two variables the plots showed
even spread of differences over the range of values.

Discussion
This study demonstrated high levels of absolute agree-
ment and consistency between the new and the estab-
lished algorithms for most of the temporal and spatial
gait variables we examined using electronic walkway data
from healthy and gait impaired older people. All ICC
values were greater than 0.84 and, with the exception of

Base Width and Step Length Variability, greater than 0.95.
However, the study identified several variables that should
be considered with some caution at group level, and a few
more that could be problematic at individual level if com-
paring GAITRite® to PKMAS®.

Base width
The ICC(2,1) absolute agreement for Base Width was
0.86 but the ICC(3,1) for consistency was 0.97, which
suggests that while absolute agreement with GAITRite®
values may be lacking, and both individual and group
level comparisons not recommended, the variable pro-
cessed by PKMAS® may be itself reliable and as good
at detecting change over time as GAITRite®. PKMAS®
values are approximately 1.6 cm, or about 17%, lower
than GAITRite® values. The systematic and random dif-
ferences between the two programs can be explained by
differences in how they define and calculate Base Width
(see Additional file 2: B1). In essence, an outward foot
angle greater than zero degrees, will lead to the GAITRite®
Base Width measure being larger than the PKMAS® base
width measure. The greater the amount of Foot Angle, the
larger the difference between the two Base Width values.
It should be noted, however, that previous studies have
questioned the reliability of GAITRite® Base Width as an

Table 2 Intraclass correlations and limits of agreement

Gait variable Absolute
agreement:

ICC(2,1) (95% CI)

Consistency:
ICC(3,1) (95% CI)

Mean difference*
(SD,% difference)

Limits of agreement 95% CI

Lower Upper

Speed (cm/s) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 0.34 (0.59, 0.3%) −0.82 1.50

Cadence (steps/min) 1.00 (1.00-1.00) 1.00 (1.00-1.00) −0.05 (0.19, 0.0%) −0.42 0.33

Stride length (cm) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 0.02 (0.38, 0.0%) −0.73 0.76

Step length (cm) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 0.02 (0.42, 0.0%) −0.79 0.84

Stride duration (s) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 0.000 (0.001, 0.0%) −0.002 0.003

Step duration (s) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 0.000 (0.004, −0.1%) −0.008 0.007

Stance duration (s) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 0.005 (0.009, 0.7%) −0.012 0.022

Swing duration (s) 0.99 (0.99-1.00) 1.00 (0.99-1.00) −0.003 (0.005, −0.7%) −0.013 0.007

Double support duration (s) 1.00 (0.99-1.00) 1.00 (1.00-1.00) 0.005 (0.010, 1.5%) −0.014 0.025

Stance time as a percentage of cycle time (%) 1.00 (0.99-1.00) 1.00 (0.99-1.00) 0.22 (0.39, 0.3%) −0.56 1.00

Double support time as a percentage of cycle time (%) 0.99 (0.99-1.00) 1.00 (0.99-1.00) 0.43 (0.89, 1.4%) −1.31 2.17

Base width (cm) 0.86 (−0.03-0.96) 0.97 (0.95-0.98) −1.62 (0.82, −17.4%) −3.22 −0.02

Foot angle (°) 0.97 (0.89-0.99) 0.98 (0.97-0.98) 0.69 (0.95, 9.7%) −1.18 2.56

Variability (SD) in Stride Length (cm) 0.95 (0.93-0.97) 0.96 (0.94-0.97) 0.01 (0.48. 3.6%) −0.84 1.06

Variability (SD) in Step Length (cm) 0.84 (0.78-0.89) 0.84 (0.78-0.89) −0.01 (0.56, −0.5%) −1.10 1.08

Variability (SD) in Stride Duration (s) 1.00 (0.99-1.00) 1.00 (0.99-1.00) 0.001 (0.003, 1.6%) −0.006 0.007

Variability (SD) in Step Duration (s) 0.98 (0.97-0.98) 0.98 (0.97-0.98) −0.001 (0.005, −2.7%) −0.009 0.008

Variability (SD) in Step Width (cm) 0.97 (0.95-0.98) 0.98 (0.97-0.98) 0.08 (0.20, 3.9%) −0.32 0.47

ICC = Intraclass Correlation, CI = confidence interval, SD = standard deviation.
*Negative differences indicate GAITRite® higher than PKMAS®.
ICC (2,1) absolute agreement, ICC(3,1) consistency (with 95% CI), mean difference (with SD and mean difference as a percentage of the mean GAITRite® value),
and 95% limits of agreement for the total cohort. All ICCs were significant at p < 0.001.
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outcome measure. Menz et al. found the test-retest ICC
using the average from three walks was only 0.49 for a
group of older people [16]. This suggests the within-
individual variation can be close to the between-individual
variability.

Step length variability
The lower ICCs for absolute agreement and consistency
for Step Length Variability suggest that the output from
the two processing methods should not be considered
equivalent at individual level, and considered with cau-
tion at group level. One reason is that the magnitude of
the variable itself is quite small so that even small dif-
ferences between the programs can result in relatively
large values for the differences between the values. In
addition, step spatial calculations are different in the two
processing methods (Additional file 2: B2). These small
differences that do not noticeably affect the resulting
values for Step Length if the walk is reasonably straight,
can result in relatively larger differences in the SD of
Step Length. If the direction of progression of the walk
is not parallel to the mat, the values, and SDs of the
values, can differ between the two programs even more.

Foot angle
The ICCs indicated that Foot Angle was acceptable at
group and individual level although values appeared to
be consistently about 0.7° higher with PKMAS®. The up-
per level of the 95% limit of agreement was 2.6°. These
differences could be considered unacceptably large. Values
for individuals were on average 57% different which also

appears unacceptably large. It is important to note here
that, as with Base Width, the reliability of the Foot Angle
as an outcome measure has been questioned because the
variability within individuals is relatively large compared
with the magnitude of the variable [16]. The difference be-
tween the programs can again be explained by the differ-
ent methods of calculation (Additional file 2: B3). It is not
possible from this study to say which method is more
valid or reliable.

All variability measures
The agreement for variability of both the temporal and
spatial stride and step values appeared to be good at
group level but there were some unacceptably high ab-
solute differences, in particular among individuals with
very low variability. This seems to be due to the resolution
of the standard deviation calculation when the values are
close to zero. Some small values are exported as zero by
GAITRite® but as greater than zero by PKMAS®. The small
differences in the calculation of spatial measures of Stride
and Step Length can also be explained by differences
in the location of the heel reference point (Additional
file 2: B1). There are also differences in the calculations of
temporal measures (Additional file 2: B4).
Prior studies have determined the validity and relia-

bility for variables derived from the GAITRite® system
(Additional file 1: A). GAITRite® data has been compared
with paper and ink techniques, video-based systems, in-
shoe stride analysers and 3-dimensional motion analysis
systems [15-17,22,23]. The measurement error between
the PKMAS® and GAITRite® algorithms was found to be
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smaller than errors reported in these other comparisons.
The clinical meaning of the magnitude of the differences
needs to be considered in the light of the purpose of the
measurement. The impact of the slight differences in defi-
nitions and calculations used by PKMAS® for some of the
variables may affect (improve or reduce) the validity of the
variable in terms of its association with disease status,
function and fall risk. Such studies are recommended for
future research.
We chose to take the average of the values from left

and right sides, rather than the average of all the steps.
For most of the variables there will be negligible differ-
ence between the mean of the left and right sides and
the mean of all the footfalls. However, for the variability
measures, this decision is clinically important because
mean SD is a better indication of the within-individual
variability than the SD of all steps which will also be re-
lated to the degree of asymmetry [24]. There were also
practical reasons for this approach as GAITRite® only
exports left and right means and not the mean of all the
footfalls. To derive the mean of all the footfalls, the indi-
vidual footfalls would need to be exported. PKMAS® ex-
ports right, left and grand means. Other considerations
regarding the two programs include:

1. We found that PKMAS® can indeed process difficult
walks that include overlapping, double or backward
steps more easily than GAITRite®.

2. GAITRite® exports a zero when a value cannot be
calculated, for example due to insufficient steps.
This affects the SD of many variables when there are
five or fewer footfalls. While only one of our healthy
participants needed only five steps to cover the
active walkway (5.5 m), our participants were all
over 70 years and walking at preferred speed.
Researchers interested in the standard deviation of
walks from younger participants or people walking
at faster speeds should use caution with the data
exported from GAITRite®, especially with shorter
mats. We also found that SD values close to zero are
exported as zero by GAITRite® but as a small value
by PKMAS®.

3. PKMAS® purports to be able to process data
recorded with GAITRite® hardware, however we
encountered a few problems. In particular,
PKMAS® periodically reads a single active sensor
as a footfall and careful checking is required to
identify these ‘extra’ footfalls. In addition,
PKMAS® occasionally had difficulty determining
the duration of stance phase for the final step.
This may be because both our mats have ‘seen a
lot of action’, but we recommend careful checking
of each walk during processing of GAITRite® data
with PKMAS®.

This study did not directly investigate the reliability or
validity of PKMAS® derived data, however for the vari-
ables with good absolute agreement and consistency and
minor differences from GAITRite® derived variables, val-
idity and reliability can be assumed to be the same as for
GAITRite®. For the remaining variables, it is not possible
to know from this study whether validity and reliabil-
ity are better or worse than for the GAITRite® derived
variables. The study aimed to directly compare the two
programs and a strength of the study is that the same
footsteps were used by both processing algorithms and
therefore the differences found can only be explained by
the processing. We included participants with a range
of gait ability (preferred gait speed ranged between
27-182 cm/s) and included participants with and with-
out gait impairment. In addition, the study used test-
ing procedures typical of those used in research
studies with this population. However, the findings
cannot be generalised to all populations and testing
procedures.

Conclusions
GAITRite® is a widely used clinical and research tool and
this report is an important step in determining the utility
of PKMAS® as an alternative processing method. We
conclude that Speed, Cadence, Stride Length, Step Length,
Stride Duration, Step Duration, Stance Duration, Swing
Duration, Double Support Duration, Stance%, Double
Support% and Stride Duration Variability values are
interchangeable with GAITRite® values. Base Width
and Foot Angle have systematic differences of 1.6 cm
lower with PKMAS® and 0.7° higher with PKMAS®
respectively. The relatively large, randomly spread
differences found for Base Width, Foot Angle, and
variability of Stride Length, Step Length, Step Dur-
ation and Step Width mean that we recommend
values are not comparable at individual level. The
findings from this study will help inform clinicians
and researchers wishing to interpret data processed
using PKMAS®, and compare individual or group level
data with published data that was processed using
GAITRite®.
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Appendix 1 Flow chart describing the process for initial selection of variables for the factor 
analysis 



Appendix 2. Replication of the Sue Lord Model.  The rotated component matrix of the varimax rotated 
solution showing factor loadings and proportion of variance explained by each domain. Factor loadings 
above 0.3 in bold. Dataset:  4 months assessment 

 
 

Pace/ 
rhythm 

Postural 
control Variability Asymmetry 

Step velocity -.848 .367 .187 -.246 

Step time (cadence) .870 .339 -.252 .034 

Stance time .917 .123 -.222 .127 

Single support time .326 .832 -.167 -.229 

Double support time .855 .049 -.154 .142 

SD step time .870 .339 -.252 .034 

SD single support time .853 -.082 .175 .155 

SD double support time .737 .081 .123 .135 

SD stance .889 -.141 .137 .173 

      

Step length  -.637 .632 .101 -.277 

Step width .183 -.631 .129 .022 
     

SD step velocity .071 -.335 .824 .115 

SD step length .514 -.239 .661 .124 

SD step width -.282 .149 .652 .048 

     

Step length asymmetry .147 -.437 -.076 .626 

Step time asymmetry .145 -.150 .072 .851 

Single support time asymmetry .179 -.110 .037 .936 

Stance time asymmetry .163 .066 .073 .915 

 

Pace /Rhythm  

35% 

Postural 
control 

14% 

Variability  

12% 

GAIT 

80% 

Asymmetry  

20% 



Appendix 3. The pattern matrix of the oblimin rotated solution showing factor loadings and proportion of 
variance explained by each domain. Factor loadings above 0.3 in bold. Dataset:  12 months assessment 

 
 

Pace/ 
rhythm 

Postural 
control Variability Asymmetry 

Step velocity -.799 .331 .049 .009 

Step time (cadence) .932 .401 -.152 .129 

Single support % -.688 .348 .092 -.075 

Double support time .855 .049 -.154 .142 

SD step time .819 -.066 .281 .085 

SD single support time .685 -.081 .308 .138 

SD double support time .737 .081 .123 .135 

     

Walk Ratio  -.083 -.885 -.033 .004 

Step length  -.605 .593 .025 .001 

Step width -.135 -.644 .051 .167 
     

SD step velocity .045 -.202 .851 -.083 

SD step length .410 -.125 .737 -.092 

SD step width -.243 .284 .609 .123 

     

Step length asymmetry .139 -.379 -.054 .486 

Step time asymmetry .080 .005 -.028 .901 

Single support time asymmetry .055 -.032 .006 .896 

 

Pace /Rhythm  

47% 

Postural 
control  

10% 

Variability  

12% 

GAIT 

76% 

Asymmetry  

7% 
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4Months After Hip Fracture: Protocol of a Randomized
Controlled Trial — The Eva-Hip Study
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Abstract

Background and purpose. Regular rehabilitation is not sufficient for regaining function after a hip fracture, and

more targeted interventions for home-dwelling elderly hip-fracture patients are needed. This paper describes the

protocol of a study assessing the effectiveness and cost effectiveness of a task specific progressive gait and balance

exercise programme for hip-fracture patients, performed 4months after the fracture. Methods/design. A single

blind two-arm pragmatic randomised controlled trial was conducted with 142 hip-fracture patients randomized

to a 10-week home-based exercise programme or to practice as usual 4months following the surgery. Inclusion

criteria were age >70 years and being home dwelling prior to the fracture. Exclusion criteria are life expectancy <3

months and inability to walk 10m prior to the fracture. The content and organization of the programme was

developed in collaboration between physiotherapy researchers and primary health-care physiotherapists. Participants

were followed for 1 year post-surgery, evaluating short-term and long-term effects of the programme. The primary

outcome is gait speed, and the secondary outcomes are spatial and temporal gait parameters, free living physical

behaviour by activity monitoring, mobility performance, activities of daily living, fear of falling, cognitive function,

depression and health-related quality of life. Cost-effectiveness analysis is planned. Discussion. This paper describes

a task specific exercise programme aimed to improve gait and balance after a hip fracture. Inclusion started in February

2011, and the last 1-year follow-up is performed in March 2014. Broad inclusion criteria and physiotherapy-guided

home-based exercises may facilitate the participation from frail patients and thereby increase the generalizability of

the findings. Development and completion of the intervention within routine clinical practice will enlighten the

implementation of results into clinical practice. Results may add new insight into how physiotherapy can improve gait

and thereby activity and functioning in everyday life and have implications on future content and organization of

physiotherapy after a hip fracture. Copyright © 2014 John Wiley & Sons, Ltd.
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Background

Hip fractures are associated with high age, frailty and

permanent disability (Bertram et al., 2011) including

increased risk for new falls and fractures (Lloyd et al.,

2009), fear of falling, severely reduced quality of life

(Ziden et al., 2008b; Rohde et al., 2010; Jellesmark

et al., 2012) and low levels of physical activity (Resnick

et al., 2011). Obtaining efficient and safe gait following

a hip fracture could mean the difference between a

home-dwelling, active and independent life and depen-

dency and need for residential care. Despite evidence

for the beneficial effect of early physiotherapy and exer-

cise after hip fracture, there is insufficient evidence for

best practice (Handoll et al., 2011) and even less is

known about the effect of extended exercise interven-

tions and long-term effects of exercise interventions.

The current knowledge base is mostly based on a few

efficacy driven studies performed under highly con-

trolled conditions or including participants that are

relatively homogenous compared with the general

home-dwelling hip fracture population (Orwig et al.,

2011; Sylliaas et al., 2012; Latham et al., 2014). It is not

obvious that exercise programmes proven effective in

efficacy studies will produce the same effect during

real-world conditions (Flay et al., 2005)

Earlier studies have usually evaluated the effect using

mobility tests and self-reported measures of activity. To

our knowledge, there are few studies that have

evaluated the effect of exercise intervention on specific

gait characteristics in combination with objective mea-

sures of activity after hip fracture. Such knowledge

could be important to be able to develop more targeted

and effective exercise programmes.

Gait and balance are the key aspects of mobility in

daily life. It may be hypothesized that exercises for

balance and gait especially for frail older persons with

limited capacity will be more effective if they are

performed under conditions similar to those encoun-

tered during daily life. Task specific exercises that aim

to improve motor control represent a different approach

from traditional exercise programmes, where strength,

balance and endurance are trained as separate compo-

nents (Sherrington and Henschke, 2013). This has been

supported by VanSwearingen et al. (2011) who found

that task specific exercises improved gait efficiency and

activities of daily living (ADL) and increased the amount

of physical activity in elderly people with impaired gait

more than traditional impairment-oriented exercises

(VanSwearingen et al., 2011).

Basic mobility tasks of daily life involve frequent

shifts between positions, such as sitting down or getting

up, short walks, turns, stepping sideways or backwards

or climbing stairs, all involving weight bearing over a

changing base of support. Inadequate weight transfer,

and reduced ability to adjust the body’s centre of mass

in relation to a changing base of support, is associated

with balance impairments, falls (Robinovitch et al.,

2013) and hip fractures (Singer et al., 2013; Winter,

1995). The association between impaired executive

function, gait impairments and fall risk is well

established, and there is increasing evidence for the

effect of dual task training to improve gait and balance

in elderly people with increased fall risk (Hsu et al.,

2012; Liu-Ambrose et al., 2013; Montero-Odasso

et al., 2012).

Hip-fracture patients tend to be old and frail, and

rehabilitation is often too short for gait performance

to recover. Cognitive decline (Seitz et al., 2011), depres-

sion (Holmes and House, 2000), fear of falling

(Visschedijk et al., 2010; Visschedijk et al., 2013) and

fatigue (Folden and Tappen, 2007) may restrict partic-

ipation in community-based exercise programmes or

even in home exercise programmes that are based on

exercises that are not supervised. Patients that are

vulnerable to deterioration in health and to functional

decline may thus not receive sufficient follow-up after

returning to their own homes, and may therefore not

regain optimal functional abilities. A systematic review

and meta-analysis suggested that exercise programmes

initiated after the end of standard rehabilitation are

promising strategies to improve independence in daily

life activities after hip fracture but marked the lack of

cost-effectiveness studies of extended programmes

(Auais et al., 2012).

This paper describes the protocol of a study that

aims to evaluate the effectiveness and cost effectiveness

of a task specific, home-based exercise programme

initiated 4months after the surgery. A specific focus

has been on including a representative sample, to run

the trial within real-world conditions and to include a

broad spectrum of outcomes.

Methods

Participants were recruited between February 2011 and

February 2013, at St Olav University Hospital, the

regional hospital for the municipality of Trondheim

(180,000 inhabitants and approximately 300 hip fractures
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annually). Randomization and intervention were finished

by June 2013, and the last follow-up will be performed in

March 2014.

Context

The standard path for home-dwelling hip-fracture

patients in Trondheim is to be transferred from the

hospital to a rehabilitation facility within the first week

after surgery. Time spent at the rehab facility varies

from 2 to 8weeks. The frailest and most dependent

patients are discharged to nursing homes. A small

number of patients are discharge directly to their own

homes. There are no standards for content, intensity

or length of physiotherapy offered to hip-fracture

patients after they have returned home. Available services

are home-based physiotherapy as a single service,

physiotherapy as part of an ambulatory rehabilitation

team or treatment in private physiotherapy clinics.

Overview of the study

This trial intends to evaluate the effectiveness of a late-

phase exercise intervention. Participants were included

within the first 5 days after the fracture, whereas

baseline registrations and randomization took place

4months following the fracture and the last assessment

was 12months after the fracture.

Design

The study is a two-arm pragmatic, single blind, block

randomised controlled trial with even the distribution

of patients in each arm.

Participants

The evaluation of eligibility was performed in two

steps, first during the index stay and then as part of

the baseline registrations at 4months. Eligible partici-

pants were home dwelling prior to the fracture, lived

in the municipality of Trondheim, were 70 years or

older, diagnosed and underwent surgery for intra-

capsular or extra-capsular hip fractures International

Classification of Diseases (ICD-10 S72.0-S72.2)1 resulting

from a low trauma incident. Patients were excluded if the

fracture was pathological, life expectancies were less than

3months, they were unable to walk 10m (with or without

walking aids) prior to the fracture or were participating in

one of two defined conflicting research projects. Patients

who were bedridden or hadmedical contraindications for

training as evaluated by a geriatrician at the time of base-

line registration 4months post-surgery were excluded

before randomization.

Inclusion and randomization

Informed consent was obtained within the first 4 days

after the surgery. For patients deemed non-competent

in giving informed consent by a subjective evaluation

by the case nurse, a next of kin was approached for a

preliminary consent. After the completion of the

baseline assessment at 4months, participants were

randomized to task specific exercise or usual care.

The randomization was performed using a web-based

computerized randomization service developed at the

Unit for Applied Clinical Research, Norwegian Univer-

sity of Science and Technology. A stratified block ran-

domization technique was used to ensure balanced

group concerning intra-capsular versus extra-capsular

fractures and pre-fracture use of walking aid (rollator

indoor or not). All details concerning the solution were

undisclosed to the research staff until end of inclusion.

Group assignment through the web programme was

performed by an administrative coordinator in the

community health service who was not involved in

any contact with participants. This person received

identification number and name of participants for

randomization from the research staff, ran the com-

puter programme and noticed the physiotherapist

who was to follow the patient.

Blinding

Assessors and personnel performing statistical analyses

were blinded to participants’ group allocation. Partici-

pants were instructed not to provide information that

could reveal group allocation to the researchers or the

assessors during the study period.

Intervention

The exercise programme was developed in collabora-

tion between physiotherapy researchers and clinical

physiotherapists working in home-based rehabilitation.

By combining theoretical foundation with clinical

expertise, we aimed at developing a task specific exercise

programme that was standardized but could be tailored

to individual needs and capabilities. The programme

was intended to be feasible for routine clinical work.1International Classification of Diseases, World Health Organization.
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Patients randomized to the new exercise interven-

tion received a home-based programme starting

4months post-surgery, supervised by a physiotherapist

twice weekly for 10weeks, each session lasting approx-

imately 45minutes. The programme consisted of the

following five weight-bearing exercises, all entailing

change in base of support (Appendix): 1) walking; 2)

stepping in a grid pattern; 3) stepping up on a box; 4)

sit-to-stand; and 5) lunge. Each exercise is described

at five difficulty levels to allow for the standardized

registration of individualization and progression.

Progression was obtained by introducing variations

in the task to challenge weight transfer, increasing

movement speed, adding weight by using weight-vests,

introducing more complex combinations of movements,

and by adding secondary tasks (dual task condition).

Exercises were meant to be performed without compen-

sating strategies such as hand support or asymmetric

weight bearing. Ten physiotherapists with varying

background and experience were responsible for admin-

istering the exercise programme, as part of their ordinary

work in the municipality.

Patients allocated to the control group received

treatment as usual, which included a variety of different

approaches, from no follow-up at all to quite extensive

interdisciplinary rehabilitation in their homes or in an

institution. Patients in the intervention group were

given a choice whether to continue the treatment they

already received in addition to the exercise programme

they were randomized to, or to postpone this too after

completing the exercise intervention.

Study assessments

Assessment was performed at four time points: (T1)

during the hospital stay, (T2) 4months post-surgery,

(T3) within 2weeks after conclusion of the interven-

tion and (T4) 1 year post-surgery. During (T1) the hos-

pital stay, only data on pre-fracture ADL and cognitive

function were collected, whereas the full test battery,

including 4 days activity monitoring, was performed

at T2, T3 and T4. At T2, after baseline registrations,

participants were randomized to take part in a 10-week

home-based exercise programme or to receive usual

care. Patients who were reluctant to participate in the

exercise programme or dropped out during the follow-

up period were still encouraged to meet for study

assessments. All trial registrations were performed by

experienced physiotherapists who were blind to group

allocation and not involved in the exercise programme.

Information on pre-fracture ADL and cognitive function

collected at T1 were based on information from the

patient, next of kin and medical record. Information on

cognitive function was collected routinely from next

of kin. (T2) Baseline, (T3) post-intervention and (T4)

1-year assessments were performed at the outpatient

clinic and the movement laboratory at the hospital.

Patients who were unable or reluctant to attend were

offered a home visit with amodified protocol not including

GAITRite® mat (CIR systems Inc. Sparta, US) or measures

of knee extension muscle strength but otherwise the same

battery. For the intervention group, level of progression,

number of repetitions, time spent on each exercise

and fatigability following each training session were

reported on standardized forms.

Outcomes

The primary outcome measure is preferred gait speed.

Secondary outcome measures are spatial and temporal

gait parameters, physical activity, mobility perfor-

mance, ADL, cognitive function, depression, health-

related quality of life, falls efficacy, fatigue and fall rate

during the follow-up period.

Preferred gait speed is regarded as a robust and

sensitive measure of overall health and function and has

been recommended as an outcome in interventions on

elderly populations (Abellan van Kan et al., 2009). Other

outcomes were chosen to cover a broad spectrum of

health-related aspects relevant in frail populations, and

to include both performance-based measures of physical

function, objective measures of free living physical

behaviour and self-reported health. Outcomes commonly

used within geriatric research were chosen for the purpose

of comparison with other trials.

Gait variables were measured by means of an

electronic walkway (GAITRite®) (Kressig et al., 2006).

Participants walked back and forth across a 10-m walk-

way, where the middle 4.88m were recorded by the gait

mat, in preferred, slow and fast self-administered

speeds, and at preferred speed while counting back-

wards, for a total of eight walks. Gait variables include

mean and variability of spatial variables, step length

and step width and temporal variables, and the propor-

tion of time per gait cycle in single support during

preferred speed. Walk ratio is calculated as the ratio

between step length and cadence at fast gait speed

(Rota et al., 2011). Dual task effects are expressed as
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the percentage differences between single and dual task

conditions (Plummer-D’Amato et al., 2012). Asymme-

try in step length and single support is calculated as the

ratio between the affected and the non-affected leg

during preferred speed (Yogev et al., 2007).

Assessment of other outcomes

Basic and instrumental ADL (I-ADL) was measured by

the Barthel Index (Mahoney and Barthel, 1965) and the

Nottingham Extended I-ADL Scale (Nouri and Nb,

1987). Mobility was assessed by the Short Physical

Performance Battery (Guralnik et al., 1994) and the

Timed Up-and-Go test (Podsiadlo and Richardson,

1991). Physical activity was measured by single-axis

accelerometers over 4 days (activPALs from PAL

Technologies ltd, Glasgow, UK), attached to partici-

pant’s non-affected thigh (Taraldsen et al., 2014).

Outcome measures are mean upright time and mean

number of upright events. Isometric knee extension

strength was measured by a dynamometer (MIE

limited edition, LTD) with the subject seated.

Health-related quality of life was measured using the

EuroQol-5D-3L (Rabin and de Charro, 2001). The

Mini Mental State Examination (Folstein et al., 1975;

Strobel and Engedal, 2008) and the Clinical Dementia

Rating Scale (Hughes et al., 1982) were used for the

evaluation of cognitive status. Depression was assessed

by the Geriatric Depression Scale (Sheikh and

Yesavage, 1986) and falls efficacy by the 7-item Short

Falls Efficacy Scale International (Hauer et al., 2011;

Helbostad et al., 2010). The Chalder Fatigue Question-

naire (Chalder et al., 1993) was used to assess chronic

fatigue and an 11-point numeric scale to evaluate

fatigability following each exercise session. The number

of falls and fall circumstances during the follow-up

period is registered on the basis of retrospective reports

from participants, next of kin and physiotherapists.

The outcome measures are the same as used in previ-

ous studies on hip-fracture patients from our research

group (Sletvold et al., 2011).

Utilization of health services

Costs will be calculated applying a broad health-care

perspective. Data on use of hospital services (inpatient,

day patient or outpatient services) and medications will

be collected from the participants’ hospital medical re-

cords. Data on use of health services delivered by the

municipality units will be collected from the

participants’ municipality records, for example,

home-based services and short-term nursing home

stay. The use of services from general practitioners

and private physiotherapists will be collected from the

Norwegian Directorate of Health.

Sample size calculations and statistical
analysis

Previous studies in otherwise healthy hip-fracture

patients have reported meaningful difference in pre-

ferred gait speed in the range of 0.08 (Perera et al.,

2006) and 0.12 m/sec (Kwon et al., 2009), whereas

other studies suggest that meaningful change in gait

speed is population dependent and probably higher

for less healthy populations (Alley et al., 2011). We ex-

pected our sample to be less healthy and with a larger

within as well as between subject variance compared

with the sample referred in the previous studies. There-

for a meaningful difference of 0.15 m/sec were selected

for the power calculations. With a power of 90% and

p= 0.05, a sample size of n= 54 in each arm are neces-

sary to detect a difference in gait speed between groups

of 0.15m/sec. On the basis of the data from a previous

study in hip-fracture patients with similar inclusion

criteria performed by our research group, we expect

about 20% to refuse to participate in the intervention,

further 15% to have die during the follow-up period,

10% to be excluded because of medical contraindica-

tions or lost of ability to walk and about 10% to be ex-

pected to withdraw (Sletvold et al., 2011). On the basis

of these assumptions, we estimated the number of pa-

tients needed to be included during the index stay to

be 220.

Statistical methods

All data will be analysed and presented according to the

updated CONSORT guidelines for reporting parallel

group trials including intention to treat and per-

protocol analysis (Schulz et al., 2010). Descriptive

statistics will be used to describe patient characteristics

and drop out during the follow-up period. As a first

choice, primary and secondary outcomes will be

analysed using the analysis of covariance (ANCOVA)

(Vickers and Altman, 2001), adjusting for age, gender,

pre-fracture I-ADL and baseline cognitive function

(Mini Mental State Examination< 28).
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Cost effectiveness will be analysed by calculating the

incremental cost-effectiveness ratio (ICER) as the

difference in costs between the two treatment groups,

divided by their difference in effects measured as the

quality-adjusted life years. We will use the time trade

off tariff values from the United Kingdom to value

the EQ-5D-3L health states (Dolan, 1997). Where there

are incomplete benefits or cost data due to loss to

follow-up, we will use non-parametric methods to infer

cumulative costs and benefits. To derive confidence in-

tervals for the ICER, non-parametric bootstrap methods

will be applied. Uncertainty in the ICER estimates will be

presented as scatterplots on the cost-effectiveness plane

and as cost-effectiveness acceptability curves.

Adverse events

Significant adverse events are defined as falls during

exercise sessions, falls during the exercise period,

musculoskeletal injuries, medical complications,

hospital admissions and deaths. Significant adverse

events during the exercise period are reported to the

study administration.

Ethical considerations

The test battery consists of well-known and commonly

used assessment tools in geriatric populations. Partici-

pants received an individual evaluation and adjustment

of the programme to secure challenging but safe

training. Each session was closely supervised by an

experienced physiotherapist who also secured the

participant by manual support if needed. The interven-

tion is structured and targeted, but not fundamentally

different from what could be given as part of normal

clinical practice. Thus, the exercise programme is not

regarded to be experimental or potentially harmful to

the patients. Patients in the control group will receive

today’s best practice. The study has been approved by

the regional ethics committee (REK 2010/3265-3).

Results

Inclusion was finalized in February 2013 with a total of

223 patients included, representing 90% of home-

dwelling patients over the age of 70 years admitted for

hip fracture within the catchment area during the

inclusion period. Four months after the fracture, base-

line registrations were performed on 183 (73%) partic-

ipants, and 142 of the 250 eligible hip-fracture patients

(57%) were randomized to the exercise intervention.

The drop-out rate was 10% at T3 post-intervention

and 15% at T4 1-year follow-up; in addition, eight par-

ticipants died within the follow-up period. Twenty-

seven of the 41 participants who were not randomized

still met for assessments at T3 and 19 at 1-year follow-

up (Figure 1).

Table 1 compare pre-fracture function and demo-

graphics for participants who were randomized to

those who refused to participate in the exercise trial

and those who were excluded or had died before base-

line assessment. The results indicate that demographics

and type of surgery did not differ between participants

who were randomized or not, whereas those who

refused to participate had poorer cognitive function,

and those who were excluded on the basis of medical

reasons or died had a reduced physical function prior

to the fracture.

Discussion

This paper describes the protocol of a randomised

controlled trial aimed to evaluate the effectiveness and

cost effectiveness of a home-based exercise trial delivered

at a time when regular rehabilitation is usually ended.

The described study can answer some of the limita-

tions of previous studies. Strict inclusion criteria,

especially on medical conditions and cognitive function

in previous studies, have resulted in very low propor-

tions of patients being considered eligible and included

(Latham et al., 2014; Orwig et al., 2011). Further, hip-

fracture patients participating in extended exercise

programmes performed in an outpatient setting tend

to have better cognitive function (Sylliaas et al., 2011)

than would be expected from prevalence studies on

hip-fracture patients (Seitz et al., 2011).

A strength of the present study is that patients are

identified from daily screenings of operation lists and

included already during the hospital stay. All hip

fractures within the catchment area of the study are

operated at the same hospital. Thus, this procedure

ensures that the study sample is drawn from the

population of interest, and the f low chart represents

all potentially eligible hip-fracture patients within the

catchment area.

A further strength is the collection of data on pre-

fracture function shortly after the fracture and assess-

ment of participants who are reluctant to participate

in the exercise intervention that starts 4months after

Protocol Article — The Eva-Hip Study P. Thingstad et al.

92 Physiother. Res. Int. 20 (2015) 87–99 © 2014 John Wiley & Sons, Ltd.



inclusion but still willing to attend study assessments.

Together, this provides a quite unique material for

comparing characteristics of those who do participate

and those who drop out during the follow-up period

at different stages. Such knowledge is lacking and is of

outmost importance when interpreting results of inter-

vention trials in frail populations.

Inclusion criteria are broader than in most compara-

ble trials. The excluded number of patients due to

medical reasons are few (7%) taken into consideration

the characteristics of the population and is, lower than

in most comparable trials. The study has no exclusion

criteria on cognitive impairment. Cognitive impair-

ment is common within this population, and it is

therefore of special interest to develop interventions

that are effective in persons with impaired cognitive

function. Still, results on pre-fracture function indicate

that those who refuse to participate in the exercise

Figure 1. Study flow chart
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programme have poorer cognitive function than those

who have been randomized, despite that special care

was taken to include this group, both in the design of

the intervention and concerning study assessments

procedures. These results underscore the need for more

knowledge and targeted approaches towards these pa-

tients in future trials.

Few studies on exercise after hip fracture report the

total number of patients who underwent surgery for a

hip fracture during the inclusion period. Studies pro-

viding this information report inclusion rates between

14% and 44% (Orwig et al., 2011; Sipila et al., 2011;

Ziden et al., 2008a) suggesting that an inclusion rate

of 57% 4months after the surgery in the present study

is relatively high.

There are good arguments for a more task specific

approach to exercise after hip fractures and a lack of

knowledge concerning the potentially beneficial effects

of exercises on safety and effectiveness of gait after a

hip fracture. In general, the effect of exercise interven-

tions on physical performance such as muscle strength

is better documented than the effect on more patient

relevant outcomes (Auais et al., 2012) underscoring

that what persons can do is not the same as what they

do. Assessment of gait characteristics beyond speed

and extensive collection of data on physical activity by

body-worn sensors provide new information on hip-

fracture patients that may be important to evaluate

the effect of the intervention on future fall risk and

on everyday life function.

The study can also bring new information about cost

effectiveness extending the rehabilitation period for

hip-fracture patients. As standard rehabilitation in

hip-fracture patients is usually finalized 4months after

surgery, an extended exercise programme such as this

would represent new and extra costs. Cost effectiveness

is therefore of special importance to assess but is so far

lacking (Auais et al., 2012).

Limitations of the study are the use of practice as

usual for the control group instead of a sham interven-

tion with comparable intervention time as for the exer-

cise group. However, in this setting, it was regarded as

important to be able to assess the gain of an extra effort

compared with what these patients usually are offered.

This is also relevant when calculating cost effectiveness

of the programme. Another question is to which extent

the results can be generalizable outside the municipal-

ity of Trondheim. Trondheim has a well-developed

health-care and rehabilitation service, and it is expected

that a substantial part of the participants in the control

group will receive physiotherapy as part of usual care,

which represents a danger of underestimating the effect

a similar programme would have in another setting.

Implications for physiotherapy practice

This study can add new and important knowledge

concerning the effectiveness and cost effectiveness of a

physiotherapy-lead progressive gait and balance

exercise programme for home-dwelling hip-fracture

patients, intended to improve gait and activity. This

may guide the development of more effective physio-

therapy interventions for improving the outcome after

hip fracture in frail, older patients and allow for a larger

Table 1. Group differences in patient characteristics, pre-fracture function, fracture type and surgery between randomized participants
and those who refused participation or were excluded or died before randomization

Total (n= 223)

Randomized

(n= 142)

Refusal

(n= 50) p

Dead or excluded

(n = 31 (15+16)) p

Age (year) (mean (SD)) 83.5 (6.2) 83.4 (6.2) 82.7 (6.0) .828 85.2 (6.0) .304

n (%)

Women 161 (72) 110 (78) 32 (64) .250 19 (61) .205

Living alone 157 (70) 106 (75) 32 (64) .362 19 (61) .356

Hip fracture fall indoor 178 (80) 113 (72) 33 (70) .253 26 (87) .717

Walk aid/assistance indoor 59 (26) 32 (23) 10 (20) .880 16 (52) .016

Walk aid/assistance outdoor 104 (47) 63 (45) 19 (38) .659 21 (68) .054*

Intra-capsular fractures 131 (59) 82 (58) 32 (64) .716 17 (55) .954

Arthroplasty (proportion of intra-capsular) 114 (87) 66 (80) 25 (78) .949 13 (76) .949

Mean (SD)

Barthel Index (0–20) 18.5 (2.1) 18.7 (2.0) 18.6 (2.0) .976 17.7 (2.8) .175

Nottingham extended activities of daily living (0–66) 42.1 (16.7) 45.1 (16.0) 39.2 (16.7) .079 33.4 (16.4) .002*

Clinical Dementia Rating Scale (0–18) 1.7 (3.2) 1.2 (2.5) 2.6 (3.9) .051* 2.9 (4.0) .058

*Significant group differences (One way Anova with Games Howell posthoc test assuming unequal variance).
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proportion remain independent in their homes for a

longer time.
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