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Sense of Coherence: Effect on Adherence and Response to
Resistance Training in Oider People With Hip Fracture History
Erja Portegijs, Sanna Read, Inka Pakkala, Mauri Kallinen, Ari Heinonen,Taina Rantanen,
Markku Alen, Ilkka Kiviranta, Sanna Sihvonen, and Sarianna Sipilä
Our aim was to study the effects of sense of coherence (SOC) on training adherence and interindividual changes
in muscle strength, mobility, and balance after resistance training in older people with hip fracture history.
These are secondary analyses of a 12-week randomized controlled trial of progressive resistance training in
60- to 85-year-old community-dwelling people 0.5-7 years after hip fracture (n - 45; ISRCTN34271567).
Pre- and posttrial assessments included SOC, knee extension strength, walking speed, timed up-and-go (TUG),
and Berg Balance Scale (BBS). Group-by-SOC interaction effects (repeated-measures ANOVA) were statistically significant for TUG (p = .005) and BBS (p - .040), but not for knee extension strength or walking speed.
Weaker SOC was associated with poorer training adherence (mixed model; p = .009). Thus, more complicated
physical tasks did not improve in those with weaker SOC, independently of training adherence. Older people
with weaker SOC may need additional psychosocial support in physical rehabilitation programs to optimize
training response.
Keywords: femoral fracture, coping, mobility, balance, rehabilitation, physical exercise, aged
Less than half of people surviving a hip fracture
regain their prefracture level of functioning (Marottoli,
Berkman, & Cooney, 1992; Visser et al., 2000). After hip
fracture, older people have poorer strength, mobility, and
balance (Madsen, Lauridsen, & Sorensen, 2000; Visser
et al., 2000), even years after the event (Portegijs et al.,
2008; Sihvonen et al., 2009). Intensive and comprehensive rehabilitation may be needed to regain function and
consequently reduce the risk for further disability and
loss of independence (Hortobágyi, Mizelle, Beam, &
De Vita, 2003; Rantanen, Era, & Heikkinen, 1997; Visser
et al., 2000).
As in healthy older people, progressive resistance
training was found safe in people with a previous hip
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fracture (Binder et al., 2004; Portegijs et al., 2008; Sylliaas, Brovold, Wyller, & Bergland, 2011). Lower limb
muscle strength increases, while improvements in mobility or balance are not consistently found. Within each
study, large interindividual variability of the traininginduced changes (improvement and even reduction) is
found. Often this variability is explained by biological
and genetic factors (Frederiksen & Christensen, 2003);
however, psychosocial resources of a person may also
play a role (Crotty et al., 2010; Resnick et al., 2007).
One resource potentially associated with intervention outcomes is sense of coherence (SOC). Strong
SOC maintains health and well-being despite negative
changes in health status and functioning (Antonovsky,
1980; Antonovsky, 1987). According to Antonovsky's
salutogenesis theory, SOC is a way of seeing the world
that facilitates successful coping with Stressors. It comprises three components: comprehensibility (a belief tbat
the world makes sense), manageability (confidence that
one has sufficient resources to cope with internal and
external stimuli and demands), and meaningfulness (a
feeling that demands are challenges worthy of investment
and engagement). Strong SOC enables persons to identify
and use their resources to overcome Stressors and improve
wellbeing. Therefore, those with stronger SOC may more
actively engage in activities to promote well-being and
recovery after injury or disease. Previous studies showed
that strong SOC was associated with better recovery from
bip fracture (Johansson, Larsson, & Hamrin, 1998) and
otber orthopedic injuries (Cederlund, Ramel, Rosberg,
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& Dahlin, 2010) 3-12 months after the event, whereas
SOC was not associated with functional recovery during
acute hospital admission (Lohmann, Strobl, Mueller,
Huber, & Grill, 2011). In addition, SOC was associated
with uptake of cardiac rehabilitation after myocardial
infarction (French, Cooper, & Weinman, 2006).
We are unaware of studies showing the effect of SOC
on outcome in a randomized controlled trial of physical
rehabilitation. It is unclear whether SOC promotes health
regardless of intervention or whether weaker SOC prevents benefiting from an intervention. The aims of this
study were to determine the relationship between SOC
and (a) training adherence and (b) interindividual changes
in muscle strength, mobility, and balance in a randomized
controlled trial of 12 weeks of resistance training in older
people with a history of hip fracture.

Methods
Study Design and Participants
This study comprises secondary analyses of a previously
published randomized controlled trial that is part of a
larger study investigating health, functional capacity,
and rehabilitation of people with a hip fracture history
(Portegijs et al., 2008). Assessments were performed at
baseline and after the 12-week intervention (trial registration number ISRCTN34271567). The study protocol
was approved by the ethics committee of Central Finland
Health Care District and complies with the Declaration
of Helsinki. Each participant signed a written informed
consent before the baseline assessments.
Patients were identified in 2004-2005 using patient
records of the Central Finland Central Hospital. All 452
surviving community-living 60- to 85-year-old men
and women with a femoral neck or trochanteric fracture
within 6 months to 7 years before baseline were invited to
participate. Exclusion criteria were as follows: not living
independently in the Health Care District, neurologic and
progressive severe illnesses, or inability to walk outdoors
without another person's assistance. Persons without
contraindications for participation in the trial were randomized manually by drawing lots, in blocks of sex and
age (cutoff 75 years). The intervention group (8 men, 15
women) participated in resistance training twice a week
and was compared with a nontraining control group (6
men, 16 women).

Assessments
A physician and research nurse performed a thorough
clinical examination to assess general health status and to
evaluate potential contraindications for safe participation
in the measurements and resistance training, according
to criteria of the American College of Sports Medicine
(2000). A questionnaire, lists of current prescriptions, and
medical records were available. The number of chronic
conditions present for at least 3 months and the time
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elapsed since hip fracture (number of days between date
of hip fracture and baseline assessments) was calculated.
SOC was assessed using the Finnish version of the
Antonovsky's short 13-item scale derived from the original
29-item scale (Antonovsky, 1987; Eriksson & Lindstrom,
2005; Suutama, 2006). Participants scored each item on
a 7-point scale; total score ranges from 13 (weak) to 91
(strong). SOC is a widely used self-report measure with
reliability and validity demonstrated in heterogeneous
samples across cultures (intraclass correlation coefficients,
ICC =: .69-.72; Eriksson & Lindstrom, 2005). In our study
sample, the internal consistency of the SOC scale was
adequate; Cronbach's a - .82 (Pakkala et al., 2012).
Isometric knee extension torque was the primary
outcome of the randomized controlled trial. Maximal
voluntary isometric knee-extension force of both legs
was assessed using an adjustable dynamometer chair
(Good Strength, Metitur Óy, Jyväskylä, Finland). The
ankle was attached to a strain-gauge system with the
knee angle fixed at 60° from full extension. Participants
were encouraged to extend the leg as forcefully as possible. The highest force of at least three measurements
was analyzed. The test-retest coefficient of variation
with 2-week interval was 6% ± 6% in our laboratory
(Rantanen et al., 1997). Maximal knee extension torque
(Nm) was calculated as force in Newtons x (chair lever
arm x 30°). The sum of both legs was used for analysis.
In mobility tests, participants were allowed to use
their walking aid commonly used for walking indoors:
walking stick (n = 3) or one crutch (n = 1). Maximal
walking speed (m/s) was calculated from the time to walk
10 m (shortest of two trials assessed using photocells).
Participants were instructed to walk as fast as possible
without compromising safety, and 3m was allowed for
acceleration. The test-retest coefficient of variation with
1- to 2-week interval in our laboratory was 5% (Sipilä,
Multanen, Kallinen, Era, & Suominen, 1996).
The modified timed up-and-go (TUG) measures the
time it takes to rise from a chair, walk 2.44 m, turn around
a cone, and return to the chair (Podsiadio & Richardson,
1991). Participants performed the test twice, turning
clockwise and counter-clockwise. The sum of both tests
was used for analyses. TUG is reliable and valid to assess
mobility (ICC = .95; Podsiadio & Richardson, 1991;
Steffen, Hacker, & Mollinger, 2002).
Functional balance was measured using the Berg
Balance Scale (BBS; Berg, Wood-Dauphinee, Williams,
& Maki, 1992), which evaluates the ability to perform
14 tasks related to the subject's skills to sit down, stand
up, reach, turn around, and stand on one foot. Each task
is rated from 0 (incapable) to 4 (safe and independent);
total score ranges from 0 to 56. BBS has high reliability
(ICC = .98; Steffen et al., 2002).
Demographic data (age, gender, marital status),
self-rated health, feelings of loneliness or tiredness
(Pakkala et al., 2012), and difficulty in walking a 2-km
distance (Portegijs et al., 2008) were assessed using
single questions.
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Intervention
The intervention group participated in a 12-week individually tailored training program organized twice a
week ( 1 -1.5 hr) and supervised by an experienced physiotherapist. The aim was to increase lower-limb muscle
strength and power and to reduce the strength difference
between the lower limbs (Portegijs et al., 2008). Each
training session included a 10-min warm-up and strength
(high load, low movement velocity) and power (lower
load, high movement velocity) exercises. The weaker
leg was trained first in every exercise, and more sets and
repetitions and/or higher resistance were used. Pneumatic
resistance equipment (Ab Hur Oy, Kokkola, Finland) was
used for the leg press, knee flexion, and hip abduction
and adduction exercises, as well as a weighted vest for
ankle plantar flexion exercises. Training load was based
on repetition maximum tests early in the training, and
load was increased progressively when tolerated. Training
adherence was calculated for all participants assigned to
the intervention; (number of sessions attended / number
of sessions scheduled) x 100%.
The control group did not receive any intervention.
Participants were encouraged to continue their lives
as usual and maintain their prestudy level of physical
activity.

Statistical Analysis
Missing values at posttrial assessment were imputed
by carrying over the pretrial values (intervention n= I,
control n = 2). Participants with missing values due to
pain, contraindications, or poor cooperation in tbe torque
(intervention n = 2) and TUG and BBS tests (intervention n = 1) at baseline were dropped from the respeetive
analyses only. Absolute change between pre- and posttrial
was calculated for the performance-based tests. Improvement was indicated by positive values for torque, walking
speed, and BBS and negative values for TUG.
Data exploration revealed one extremely low SOC
value in the intervention group (44; M = 74) compared
with the rest of our sample. Outliers may affect outcome in
a small sample such as this; this participant was dropped
from all analyses. After dropping the outlier, SOC was
normally distributed as tested with Kolmogorov-Smirnov
test. Only the variable training adherence was not normally distributed. Pretrial group differences were tested
with independent t tests or x^ tests. For performancebased tests, general linear models of repeated measures
were used to analyze main and interaction effects of group
by SOC. Training adherence was analyzed using mixed
model. Pearson and Spearman (for adherence) correlation
coefficients of relationships between SOC and absolute
change in performance-based tests were calculated for
each group. Analyses were performed using the intentionto-treat principle. In addition, to determine potentially
confounding effects of adherence, per-protocol analysis
(excluding those with training adherence <90%) were
performed and partial correlation coefficients adjusting

for training adherence were calculated. PASW Statistics
18 (formerly SPSS Statistics, SPSS Ltd., Quarry Bay,
Hong Kong) was used for statistical analysis and statistical significance was set atp <.O5.

Results
Pretrial characteristics of the intervention and control
group have been published (Pakkala et al., 2012; Portegijs et al., 2008). To reiterate, at baseline, no significant
group differences were found for mean age (intervention
group 73.8 ± SD 6.6 years vs. control group 74.1 ± 7.2),
number of chronic diseases (2.8 ± 1,4 vs, 2.3 ± 1.4), and
time since fracture (4,3 ± 2.1 vs. 4.3 ± 2.4 years). In
both groups, the majority was female and married, rated
their health as good or excellent, and experienced some
difficulty in walking 2 km. Frequent feelings of loneliness or tiredness were not common. Mean SOC score at
baseline was 74.1 ± 8.6 in the intervention and 75.6 ±
9.6 in the control group.
Median training adherence was high: 95.9% (range
0-100%). Nine of 23 participants assigned to the intervention attended all scheduled sessions, five participants
attended <90% (including two participants that dropped
out before and during the intervention, Portegijs et al.,
2008). Mixed-model analysis showed that SOC was
significantly associated with adherence {p = .009). The
Spearman correlation coefficient of SOC and adherence
indicated a tendency toward people with weaker SOC
being less likely to attend all training sessions (r = .364,
p = .Q95).

There were no significant pretrial group differences
for torque p = .706, walking speed p = .784, TUG p = .239,
and BBS p - .103. Figure 1 shows marginal means of
performance-based tests adjusted for SOC derived from
repeated measures analyses. Table 1 shows the p-values
derived from the repeated measures analyses. For knee
extension torque and maximal walking speed, SOC {p
- .555 and p = .200, respectively) and study group {p =
.560 and p - .839, respectively) did not have significant
independent effects or an interaction effect {p = .785 and
p = .828, respectively; within-subject effect). Averaged
over time, for maximal walking speed {p - .194) and
knee extension torque, no association was found with
SOC (between-subject effect; p = .707). Correlation
analyses did not demonstrate significant associations
between SOC and absolute change in torque or walking
speed in either group.
Repeated measures analyses for TUG and BBS
showed an independent effect of group {TUGp- .005,
BBS p = .028) and SOC (TUG p = .002) as well as an
interaction effect (TUG p = .005, BBS ;? = .040; withinsubject effect). SOC had no independent effect on BBS
{p = .393). Averaged over time, TUG {p = .0081 ) showed
a significant association with SOC (between-subject
effect), but no association was found for BBS {p = .557).
Figure 2 displays scatter plots and regression lines of
the association between SOC and absolute change in

Walking speed

Pre Post
Intervention group

Pre Post
Intervention group

Pre Post
Control group

Figure 1 — Marginal means and 95% confidence intervals of knee extension torque (a), walking speed (b), timed up-and-go (c),
and Berg Balance Scale (d) at pre- and posttrial in the intervention and control group, derived from repeated measures analyses
adjusted for sense of coherence (intention-to-treat principle).

Table 1 The Training Response (p) for the Respective Performance Tests Derived
From Repeated-Measures ANOVA Adjusted for Sense of Coherence (SOC)
Intention-to-Treat

Per-Protocol»

SOC

Group

Interaction

SOC

Knee extension strength

.555

.560

.785

Walking speed

.200

.839

.828

Timed up-and-go

.002

.005

Berg Balance Scale

.393

.028

Group

Interaction

.624

.514

.735

.619

.494

.512

.005

.467

.775

.713

.040

.195

.023

.031

»Those with an adherence of less than 90% were excluded.
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Figure 2 — Scatter plots of the association between sense of coherence and absolute change in timed up-and-go (left) and Berg
Balance Scale (right) in the intervention and control groups, respectively. Pearson correlation coefficients, p values, and regression
lines are displayed in eachfigure(intention-to-treat principle).

TUG or BBS in each group. Weaker pretrial SOC was
associated with no change or even slight reduction in
TUG at posttrial in the intervention (r = -.718,p = .001 ),
but not in the control group (r = -.067, p - .767). A
tendency toward a positive association between absolute
change in BBS and SOC was found in the intervention
(r = .379, p - .091), but not in the control group (r -.236, p = .290).
Partial correlation with SOC adjusting for adherence
rendered similar correlation coefficients; r = -.591, p =
.006 for TUG and r = .402, p = .079 for BBS. In perprotocol repeated-measures analyses, the interaction

effect of group by SOC was p = .713 for TUG and p =
.031 for BBS (Table 1).

Discussion
This study shows that older people with weaker SOC
before intervention may not benefit as much from resistance training as those with stronger SOC; however, the
impact of SOC varied across training outcomes. Muscle
strength improved on average due to the training, regardless of SOC. In more complicated physical tasks, those
with weaker SOC did not improve their function. This
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finding is noteworthy because ordinary daily activities
also consist of more complicated tasks. The association
between SOC and this training effect remained after
controlling for training adherence, wbicb was also poorer
in those witb weaker SOC.
SOC is often associated witb subjective measures of
health and function as well as quality of life (Eriksson &
Lindstrom, 2006) also in older populations (Lundman et
al., 2010; Read, Aunóla, Feldt, Leinonen, & Ruoppila,
2005; Schneider, Driesch, Kruse, Nehen, & Heuft, 2006).
Relationships between SOC and objective measures of
physical health have been reported less consistently.
Weaker SOC has been associated with increased mortality
(Lundman et al., 2010; Wainwright et al., 2008), circulatory health problems (Eriksson & Lindstrom, 2006), and
reduced immune function (Lutgendorf, Vitaliano, TrippReimer, Harvey, & Lubaroff, 1999) in older people. In
our study, SOC was associated with TUG averaged over
time; a physical performance tests that, in addition to
physical abilities, requires also cognitive ability—especially executive function (Herman, Giladi & Hausdorff,
2011). In addition, in this sample correlation analyses
between tbe performance measures and SOC sbowed
a near significant correlation coefficients between SOC
and TUG (r = -.289, /? = .061 ) and BBS (r = .285, /? =
.064; data not shown).
We previously showed tbat our training program
improved muscle strength and power and self-reported
measures of mobility, but not objectively measured
mobility (Portegijs et al., 2008). In tbe current study, SOC
was relatively bigh (average 74.8 points), compared with
population standards previously reported (35.4-77.6;
Eriksson & Lindstrom, 2006). Muscle strength improved
regardless of SOC; however, participants witb weaker
SOC did not improve in more complicated physical
tests (TUG and BBS) that require more confidence and
flexibility (Madsen et al., 2000; Sihvonen et al., 2009;
Steffen et al., 2002). Those with stronger SOC may be
more flexible to identify and use their resources. They
may observe physical improvements and thereby gain
more confidence during the training (Dionigi, 2007;
Wiesmann, Rölker, Ilg, Hirtz, & Hannich, 2006), confidence that may also impact daily activities or more
complicated physical tasks.
In our study, weaker SOC was associated with
poorer training adherence. Similar associations between
SOC and participation in cardiac rehabilitation (French
et al., 2006) and self-management in chronic diseases
(Gallagher, Donogbue, Chenoweth, & Stein-Parbury,
2008) have been reported. French et al. (2006) suggested
that weaker SOC may implicate lack of understanding of tbe condition and consequently the purpose of
rehabilitation. A qualitative study (Olsson, Nystrom,
Karlsson, & Ekman, 2007) sbowed that hip fracture
patients generally lack adequate knowledge of the
hip fracture and their rehabilitation. In addition, there
are marked differences in patients' engagement in the
rehabilitation process and the perception of their own
role or responsibility in facilitating their rehabilitation.
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People with stronger SOC may take a more active role
in pursuing bealtb promotion (Eriksson & Lindstrom,
2006; Gallagher et al., 2008; Read et al., 2005) and
nnay thus more actively participate in interventions, also
beyond the adherence that was assessed in our study.
Tbe impact of SOC varied across training outcomes and
adherence did not fully explain the association between
SOC and training response—both suggesting that more
active participation did not cause larger training-induced
improvements.
Interventions that improve SOC have been scarce
and most were performed in working-aged populations
(Lillefjell & Jakobsen, 2007; Vastamäki, Moser, & Paul,
2009). In a noncontrolled study in relatively young and
healthy older people, 14-week endurance or strength
training, meditation, or yoga programs all improved SOC
(Wiesmann et al., 2006). In our randomized controlled trial
of 12-week resistance training in people with a hip fracture
history, SOC did not improve (Pakkala et al., 2012). Our
intervention was not specifically designed to improve SOC,
and the sample size was calculated for muscle strength
variahles and not for SOC. Based on correlation research
(Nesbitt & Heidrich, 2000), increasing knowledge on the
condition, coping, and rehabilitation strategies may affect
SOC and quality of life in clinical groups. Other educational or motivational strategies may also facilitate SOC
and potentially influence the response to physical rehabilitation. Self-efficacy, a factor closely associated with
SOC, may be enhanced using different strategies (Marks,
Allegrante, & Lorig, 2005), also after hip fracture (Resnick
et al., 2007). Two systematic reviews ot'multidisciplinary
interventions and interventions aiming to improve physical
and psychological function in hip fracture patients were
not able to demonstrate better outcomes compared with
regular care after hip fracture (Crotty et al., 2010; Handoll,
Cameron, Mak, & Finnegan, 2009).
Due to tbe characteristics of our sample and ratber
small sample size, generalization of our results should
happen witb caution. Our sample consisted of relatively
healthy and young older adults with a hip fracture, and
they had relatively high average SOC (74.8 points),
compared witb population standards previously reported
(35.4-77.6; Eriksson & Lindstrom, 2006), due to our
inclusion criteria (e.g., volunteering to participate in and
being able to come to the training). Analyses on potential
underlying mechanisms or mediating factors were not
possible, due to small sample size; hence, association
adjusted for training adherence indicated similar directions, but not all reached significance. Randomization
was successful; at baseline, no differences were found
between the intervention and control group in background
or outcome variables.

Conclusion
Sense of coberence impacted the response to a 12-week
resistance training program in more complicated physical tasks (TUG and BBS). Stronger SOC may allow a
person to more flexibly adopt physical improvements
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related to the training, and use them as a resource in
complicated tasks, including common daily activities.
In addition, SOC may affect participation in intervention
programs. Based on this small study, SOC seems to be an
important factor to take into account in physical rehabilitation. Further study is needed to confirm our findings.
Potentially, adding a psychosocial component to physical interventions may be beneficial. Previous research
has rendered equivocal results regarding the possibility
to improve SOC by intervention. It may be possible to
design intervention programs in a way that persons with
weaker SOC may benefit more from the program, even
without a necessary change in SOC. Further research is
needed to establish effective ways to optimize participation in rehabilitation or physical exercise programs and
its effect in older people.
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