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ABSTRACT 

Lihavainen, Katri 
Mobility limitation, balance impairment and musculoskeletal pain among people aged 

 75 years: A study with a comprehensive geriatric intervention   
Jyväskylä: University of Jyväskylä, 2012, 90 p. 
(Studies in Sport, Physical Education, and Health 
ISSN 0356-1070; 177) 
ISBN 978-951-39-4619-7 (nid.) 
ISBN 978-951-39-4620-3 (PDF) 
 
The purpose of the study was to examine the relationship between pain, mobility and 
postural balance. In addition, the effects of a comprehensive geriatric assessment and 
individualized intervention on mobility among persons aged 75 years and over were 
studied. This study forms part of the Geriatric Multidisciplinary Strategy for the Good 
Care of the Elderly project (n=781), which comprised a baseline assessment succeeded 
by a two-year geriatric intervention with annual measurements and a one-year 
postintervention follow-up. Data on musculoskeletal pain and perceived walking 
difficulties were obtained by questionnaires administered in face-to-face interviews. 
Mobility assessments comprised maximal walking speed over 10 meters, the Timed Up 
& Go (TUG) test, Berg Balance scale, and self-reports. Mobility limitation was defined 
as poor performance or inability to perform the TUG test and perceived difficulties or 
inability in walking 400 meters. Postural balance was assessed as movement of center 
of pressure in different standing positions on a force platform.  

Persistent musculoskeletal pain was associated with mobility limitation and pos-
tural balance impairment independently of several known risk factors. The risk for 
mobility limitation and balance impairment was highest among persons who had 
moderate or severe pain (OR 1.84, 95% CI 1.10-3.13; 2.33, 1.44-3.76 respectively) com-
pared to pain-free persons. In addition to the positive effect on walking speed, TUG 
and Berg Balance test, a comprehensive geriatric intervention reduced the risk for per-
ceived difficulties in walking (OR 0.84, 95% CI 0.75-0.94). The positive effect of the ger-
iatric intervention on mobility was strong particularly among persons with musculo-
skeletal pain. 

The results of the study indicate that musculoskeletal pain is an important de-
terminant of mobility limitation among older people. In addition to walking problems, 
pain compromises the ability to maintain postural balance. The results suggest that a 
comprehensive geriatric assessment and individualized intervention may provide an 
effective means to promote mobility and balance, which is important for maintaining 
independence in the community. The intervention benefited in particular persons with 
pain, a group at risk for further mobility decline.  
 
Keywords: aging, pain, mobility limitation, postural balance, comprehensive geriatric 
assessment, rehabilitation 
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1 INTRODUCTION 

Health care systems in the Western countries are confronted with ageing popu-
lations. By 2040, 27% of people living in Finland will be age 65 or older, and 6% 
of people will have reached age 85 or older (Statistics Finland 2009). Despite the 
fact that older people are healthier today than ever before (Heikkinen 2006), 
with advancing age the prevalence of conditions associated with persistent pain 
increases. Thus, pain is among the most common reasons for seeing a physician 
(Jyväsjärvi et al. 1998, Mäntyselkä et al. 2001),  and affect an estimated 30-50% 
of community-dwelling older adults and over 50-80% of long-term care facility 
residents (Mäntyselkä et al. 2003, Breivik et al. 2006, Soldato et al. 2007, Reid et 
al. 2011). The high prevalence of pain is particularly noteworthy in light of its 
interference with daily activities. One of the essential prerequisites for older 
people’s independent functioning in daily life is mobility. In the context of this 
study mobility refers to the ability to perform tasks such as walking, climbing 
stairs, and standing from a chair. The ability to maintain an upright posture, 
known as postural balance, in turn is an important prerequisite for successful 
performance of these mobility tasks. Therefore, impairments in postural balance 
may lead to mobility difficulties and increase the risk for falling (Lord et al. 
1994, Sihvonen et al. 2004). Difficulties in mobility are often the first noticeable 
signs of further disability (Fried et al. 2001, Wolinsky et al. 2005, Mänty et al. 
2007). Loss of mobility seriously threatens the independence and quality of life 
of older adults (Ostir et al. 1998, Guralnik et al. 2000). Consequently, prevention 
or postponement of mobility limitation is a high priority in public health and 
requires the identification of risk factors such as pain that are amenable to in-
tervention in the older population. 

To meet the increasing needs of the older population, innovative ap-
proaches to the promotion of the health and mobility of older persons need to 
be developed. The most common risk factors for mobility decline are widely 
recognized nowadays. Several well-designed, randomized controlled interven-
tion trials have also shown that there are efficacious and acceptable ways to 
slow down the progression of mobility limitation; these include progressive 
resistance strength training (Liu & Latham 2009) and physical activity counsel-
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ing (Mänty et al. 2009). However, many traditional trials have been structured 
so as to exclude people who may have difficulties completing the intervention 
or who may be at high risk of dropping out. In the case of older population, 
such an approach probably fails to evaluate the effects of an intervention among 
those who most need treatment and who have the greatest likelihood of benefit-
ing from an individually targeted intervention (Ferrucci et al. 2004). The gener-
alizability of the findings of such studies to typical aged populations is limited. 
In addition, typically, randomized controlled trials have evaluated the effects of 
only a single intervention. The range of therapeutic alternatives to promote mo-
bility is wide due to the fact that decline in mobility is aggravated by the com-
plex interaction of several factors, including aging, physical inactivity, diseases 
and malnutrition. These multiple factors require multifaceted attention and in-
tervention. However, individualized interventions that provide a comprehen-
sive assessment and multifactorial treatments to promote mobility are challeng-
ing to study and have received only a little attention. In addition, the traditional 
health care models have not been able effectively to adapt the research findings; 
hence there is a need to identify novel approaches through which older people 
can be helped to maintain their mobility and forestall the onset of disability.   

The present study was conducted to obtain insight into musculoskeletal 
pain as a determinant of mobility limitation and postural balance impairment in 
older people. In addition, the effects of a real-world project comprising a com-
prehensive geriatric assessment and individualized intervention on the devel-
opment of mobility limitation in older persons with and without pain were 
studied. 



  
 

2 REVIEW OF THE LITERATURE 

2.1 Mobility and postural balance in older people 

2.1.1 Determinants of mobility and postural balance 

Mobility is often defined as the ability to walk and move either independently 
or with using an assistive device inside and outside one’s home (Shumway-
Cook & Woollacott 2001, Webber et al. 2010). In this study, mobility refers to a 
person’s ability to move from one place to another carrying one’s own weight, 
such as in walking or standing from a chair. These mobility functions rely on 
smooth co-operation between multiple physiological, cognitive and psychologi-
cal characteristics in relation to the demands of the environment (Dickinson et 
al. 2000, Shumway-Cook & Woollacott 2001). Several age- and disease-related 
changes in these prerequisites may lead to mobility limitations, such as difficul-
ties in walking, standing from a chair or climbing stairs, and further develop-
ment of disability (Guralnik et al. 1995).  

Two important physiological prerequisites for safe mobility are lower ex-
tremity strength (Rantanen et al. 1998a, Rantanen et al. 2001, Lauretani et al. 
2003, Sakari et al. 2010), and the ability to generate force at high velocity 
(Foldvari et al. 2000, Bean et al. 2002, Portegijs et al. 2005). A certain minimum 
amount of muscle strength and power is needed to generate continuous for-
ward movement, to perform many tasks in daily life (Buchner et al. 1996, 
Rantanen & Avela 1997, Rantanen et al. 1998a) and to respond to changing en-
vironmental and task demands, for example when recovering balance after 
tripping (Pavol et al. 2002, Pijnappels et al. 2005) or crossing the road at traffic 
lights (Bean et al. 2003). Several studies have shown that isometric muscle 
strength and muscle power decline considerably with aging (Rantanen et al. 
1998b, Vandervoort 2002, Lauretani et al. 2003, Goodpaster et al. 2006), and that 
reduced neuromuscular performance plays a major role in the development of 
mobility limitation (Rantanen et al. 1999, Visser et al. 2002, Marsh et al. 2006b). 
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In addition to sufficient muscle strength and power, postural balance is 
needed to maintain an upright posture during tasks requiring stable or dynamic 
bodily positioning (Rantanen et al. 1999, Tiedemann et al. 2005, Sakari et al. 2010). 
The maintenance of postural balance is a complex process that is influenced by a 
wide range of sensorimotor and central processing factors, including lower ex-
tremity muscle strength and power, vestibular, proprioceptive and somatosenso-
ry functions, visual acuity, and neuropsychological performance. It requires 
seamless interaction of these characteristics as well as environmental factors 
(Woollacott & Shumway-Cook 1990, Pollock et al. 2000, Peterka 2002, Horak 
2006). With aging, declines occur in the visual (Lord 2006, Kulmala et al. 2009,), 
somatosensory (Whipple et al. 1993), vestibular (Matheson et al. 1999, Viljanen et 
al. 2009) and neurophysiologic processing systems (Shumway-Cook & 
Woollacott 2001, Horak 2006). The changes in these systems reduce the availabil-
ity of important information from the senses for posture and movement, and 
may thus cause postural instability along with problems in responding to envi-
ronmental challenges during mobility the performance of mobility tasks (Era et al. 
2006, Lord 2006, Horlings et al. 2008). Mobility tasks, such as walking, are tradi-
tionally seen as automatic motor skills, but nowadays attention has also been 
drawn to their cognitive and affective dimensions (Snijders et al. 2007b). There-
fore, impairments in one or more neurophysiologic and cognitive processes may 
affect the ability to move effectively and safely. These processes, such as percep-
tion, attention, orientation, executive functions and memory are important to 
successful interaction with the environment (Shumway-Cook & Woollacott 2001). 

Declines in muscle strength, power and postural balance have been shown 
to precede mobility difficulties. In addition to neuromuscular performance and 
balance, decreased aerobic capacity (Fiser et al. 2010), and reduced range of mo-
tion in the lower extremity joints restrict mobility (Kerrigan et al. 1998, Sakari et 
al. 2010). Walking, for example, places demands on multiple organ systems, 
including the heart, lungs, circulatory, nervous, and musculoskeletal systems. 
The slowing of walking speed with aging may reflect both age- and pathology- 
related disturbances in those systems and the high-energy cost of walking 
(Jones et al. 2009, Studenski et al. 2011). Multiple age-related physiological 
changes, medical problems and impairments may have a cumulative and even a 
synergistic impact on mobility (Guralnik et al. 2001). For example, Rantanen et 
al. (2001) observed that the risk of severe mobility limitation was higher among 
older women with both strength and postural balance impairment compared 
with those with only one of those impairments.  

In addition to the age-related changes in physiology, the increased preva-
lence and severity of multiple diseases with aging may cause mobility limita-
tion and mediate the impact of the physiological and psychological determi-
nants of poor mobility (Chaudhry et al. 2010). Mobility limitation has been as-
sociated, for example, with arthritis (Ling et al. 2003, Fautrel et al. 2005, Maly 
2009), diabetes (Volpato et al. 2005, Sinclair et al. 2008), cardiovascular diseases 
(Blazer et al. 2006, Brach et al. 2008, McDermott et al. 2009), chronic obstructive 
pulmonary disease (Roig et al. 2011), neurological disease (Paltamaa et al. 2006, 
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Snijders et al. 2007a), hip fracture (Portegijs et al. 2008), and depressive symp-
toms (Penninx et al. 1998, Hirvensalo et al. 2007). Furthermore, obesity is relat-
ed to many of above-mentioned diseases and has also been considered as a ma-
jor risk factor for mobility limitation in old age (Stenholm et al. 2009). Persistent 
pain is related to these diseases and chronic conditions and, through them, may 
influence mobility while also having an independent effect (Leveille et al. 2007). 

In addition to these consequences of aging, pathology and impairment on 
mobility, risk factors related to health behavior, such as physical inactivity, may 
contribute to the development of mobility limitation (Hirvensalo, Rantanen & 
Heikkinen 2000). Furthermore, intra-individual factors related to self-efficacy and 
coping may have effect on mobility. For example, fear of falling (Deshpande et al. 
2008, Scheffer et al. 2008, Curcio et al. 2009), fear of moving outdoors 
(Rantakokko et al. 2009), and fear of pain (Somers et al. 2009) increase the risk for 
mobility loss due to negative emotion-related avoidance of physical activities. 

Mobility limitation is often a dynamic process where an older person can 
make transitions between different states of limitation (Gill et al. 2006, Gill et al. 
2010). Moreover, individual differ in the rate of mobility limitation progression. 
The onset of mobility limitation can be sudden, for example in the case of a 
traumatic event, such as a hip fracture or a stroke, or mobility difficulties can 
progress slowly over many years, usually as a consequence of painful worsen-
ing conditions, such as arthritis or diabetes (Guralnik et al. 2001). Individuals 
who have developed mobility limitation may recover from it, and possibly later 
on become mobility limited again (Gill et al. 2006, Jagger et al. 2007). Thus, the 
promotion of mobility requires a focus not only on prevention but also on the 
maintenance of independent mobility in older persons who are at increased risk 
for decreasing mobility (Gill et al. 2006). 

All in all, maintaining mobility involves multiple physiological and psy-
chological abilities, as well as lifestyle behaviors relative to environmental re-
quirements. Among older people, age- and pathology-related changes in these 
factors and subsequent loss of ability to ambulate within one’s immediate envi-
ronment may threaten independent living in the community. In addition, de-
creasing mobility may be a result of a sedentary lifestyle, and also induce a vi-
cious cycle of reduced physical activity and deconditioning that has a direct 
effect on health in older age (Studenski et al. 2011). 

2.1.2 Measurements of mobility and postural balance 

Mobility among older persons can be measured either through self-reports or 
through performance-based tests (Guralnik & Ferrucci 2003). Self-report 
measures rely on a person’s perception of his/her mobility status. In general, 
persons are asked questions about their ability, difficulties, or need for help in 
walking a certain distance. The distance typically used in questionnaire is 400 
meters (1/4 mile, or 2-3 blocks) (Hoeymans et al. 1996, Sayers et al. 2004). Self-
report on perceived degree of difficulty in walking has been found to be a relia-
ble and valid measure of mobility limitation (Fried et al. 2001), and to predict 
future further disability in older people (Guralnik et al. 1994, Reuben et al. 2004). 
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In addition to self-reports, mobility can be assessed objectively by physical 
performance tests. Of the several physical performance measures available, 
walking speed is widely recognized as a good measure of mobility among older 
people with wide range of functional capacity, and is also the most often used 
(Guralnik et al. 2000, Cesari et al. 2005). Measurement of walking speed is a 
quick, inexpensive and highly reliable method, which is both sensitive to 
change and easy to use in both clinical and research settings. Several versions of 
tests measuring walking speed are used, including different distances walked at 
either maximal or habitual speed. A short, distance-based walking test, such as 
10 meters of walking at maximal speed (Aniansson et al. 1980), assess the high-
est level of neuromuscular capacity of the lower extremities. While maximal 
walking speed reflects the individual’s potential to adapt to varying environ-
mental and task demands, for example when crossing a street at traffic lights, 
habitual walking speed shows the individual’s normal performance level in 
everyday life. Longer, time-based walking tests, such as the 6-minute walking 
test, provide more specific information about the aerobic capacity of older per-
sons. Furthermore, walking has been assessed as a part of combined functional 
task, such as the Timed Up & Go (TUG) test, where the testee is asked to stand 
up from a chair, walk 3 meters, turn around, walk back, and sit down 
(Podsiadlo & Richardson 1991). In laboratory settings computerized methods 
can be used to evaluate various kinematic and kinetic components of the walk-
ing cycle; these include step length, step width, and the duration of the stance, 
swing and double-support phases (Graham et al. 2008).  

An important prerequisite of independent mobility, postural balance, can 
also be measured quantitatively using technological devices. To maintain bal-
ance, the body undergoes continuous movement, known as postural sway. Pos-
tural sway can be measured on a force platform which registers and analyzes 
the vertical forces a person positioned on the platform applies to the base of 
support. Force platform measurements provide detailed information about 
body sway velocity and direction in different standing positions or during dy-
namic movements (Era et al. 1996). It has been assumed that postural balance is 
best achieved when postural sway is low (McKeon & Hertel 2008). Because of 
the complex nature of postural balance (Woollacott & Shumway-Cook 1990, 
Pollock et al. 2000, Peterka 2002, Horak 2006), several other methods in addition 
to force platform measurements have been devised to evaluate it. For example, 
various performance-based tests, such as the Berg Balance Scale (Berg et al. 
1992), provide information on a person’s ability to maintain postural balance 
during varying tasks in everyday life. 

All in all, performance-based (either quantitative technology-based or ob-
jective performance-based tests) and self-report measures complement each 
other by providing useful information about mobility functions in different sit-
uations. Thus, self-reports reflect actual activities in ordinary daily life, while 
performance-based measures assess the upper limit of physical capacity used in 
performing a given mobility task under controlled conditions (Latham et al. 
2008). 
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2.2 Musculoskeletal pain in older people 

2.2.1 Definition and classifications of pain 

Pain is defined as “an unpleasant sensory and emotional experience associated 
with actual or potential tissue damage, or described in terms of such damage” 
(IASP 1986). This widely accepted definition implies that a subject can experi-
ence pain with or without damage, dysfunction, or disease. It also emphasizes 
that pain is experienced at both the sensory and emotional levels. However, this 
definition of pain does not explicitly refer to the complex and dynamic interac-
tion of biological, psychological and social factors that provoke and maintain 
pain and pain-related problems.  

Pain can be categorized according to its underlying causes. However, such 
a categorization based on the biological mechanism of pain is rarely used in 
epidemiological studies and is more of a diagnostic aid. The most common type 
of pain is nociceptive. Nociceptive pain is a normal reaction to tissue damage or 
disease resulting from a noxious mechanical, thermal, or chemical stimulus. It 
can be further subdivided into somatic and visceral pain. Somatic pain arises 
from the tissues, such as joints, bones, and muscles, whereas visceral pain arises 
from the viscera in the internal organs. Typically, nociceptive pain is acute and 
disappears when the tissue damage has healed. Neuropathic pain often begins 
with a tissue injury, but continues to be experienced despite healing of tissue 
damage (Kalso & Kontinen 2009). In these cases, pain arises as a consequence of 
a lesion or disease affecting the somatosensory system either in the periphery or 
centrally (Treede et al. 2008). Due to this pathology, the nerve signals the pres-
ence of a noxious stimulus, although no such stimulus any longer exists. A wide 
spectrum of poorly understood pain conditions, for which no organic cause can 
be found, has been called idiopathic pain (Kalso & Kontinen 2009). 

Musculoskeletal pain is often considered as a symptom of musculoskeletal 
disorders, that is, conditions that involve muscles, joints, nerves, tendons, liga-
ments, bursae and bones. The prevalence of certain musculoskeletal pain-
related disorders, such as osteoarthritis and other degenerative conditions, in-
creases with age (Johnell & Kanis 2006, Grotle et al. 2008, Hicks et al. 2009). 
However, pain is not necessarily a secondary symptom; in many cases pain is 
the disorder itself (Siddall & Cousins 2004). This is especially true of most per-
sistent pain stemming from the musculoskeletal system, where no pathophysio-
logic cause of the pain can be found (Turk & Okifuji 2002, Creamer 2004). Thus, 
musculoskeletal pain can be categorized as specific or non-specific. Specific 
pain has a distinct and detectable cause, such as an inflammation, a fracture, a 
tumor, or a muscle spasm. For non-specific pain, a sufficient underlying pathol-
ogy is absent. Although persons with non-specific pain can undergo anatomical 
changes, such as degenerative processes in the discs, bones or cartilages, such 
anatomical deviations are not necessarily symptomatic and are therefore not 
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regarded as a sufficient explanation for pain experienced by the subject (Jayson 
1997, Carragee et al. 2005). 

In the initial stages of experiencing pain, the pain is described as acute (i.e. 
of less than 3 months’ duration). This pain is assumed to be transitory, lasting 
only until the noxious stimulus is removed or the underlying damage or pa-
thology has healed. Pain that extends beyond the expected period of healing is 
called chronic or persistent. Nowadays it is widely believed that the term “per-
sistent” is a more accurate description as it includes information on the way in 
which the pain may interrupt functioning, well-being and quality of life. In ad-
dition, the term “chronic” expresses a more negative view of the prognosis. The 
two common time markers used to define persistent pain are durations of over 
three (Elliott et al. 1999) or six months (Von Korff & Saunders 1996, Turk & 
Okifuji 2002) from the onset of pain. In the worst case, persistent pain that is not 
accurately treated can induce changes to the nervous system, which transmits 
and interprets messages, such as the sensation of pain. This in turn may con-
tribute to prolonging and intensifying the pain (Apkarian et al. 2009). 

2.2.2 Measurements of pain 

Pain is essentially a subjective experience. Thus, it cannot be measured objec-
tively (Katz & Melzack 1999), although hints as to its severity may be received 
from the person’s behavior, such as avoiding movement of or touching the 
painful body part. It should be noted that advanced biological information 
about pain can be obtained from brain imaging. While brain imaging is a valu-
able source of information about physiological pain processes (Apkarian et al. 
2011), it is costly, time-consuming and does not measure the subjective experi-
ence of pain. Thus, clinical practice and epidemiological studies rely mainly on 
self-reports of pain. Assessment of pain, based on self-reports, is possible for 
various parameters, such as duration, frequency, location, severity, and the de-
gree of disability caused by it. These may be measured by separate questions or 
with specially designed pain indices and pain-rating scales such as the McGill 
Pain Questionnaire (Melzack 1975), Brief Pain Inventory (Cleeland & Ryan 
1994), the Visual Analogue Scale (VAS) (Huskisson 1974), the Numeric Rating 
Scale (NRS), the Faces Pain Scale, and the verbal rating scales (VRS) (Katz & 
Melzack 1999). In addition, pain is one dimension in several generic health–
related quality of life (HRQoL) measuring instruments, such as the Medical 
Outcomes Study 36-Item Short-Form General Health Survey (SF-36) (Ware & 
Sherbourne 1992). 

In clinical examination, assessment of pain aims at clarifying underlying 
the cause and determining whether the pain is nociceptive, neuropathic, or idi-
opathic. In case of neuropathic pain, pain questionnaires and scales are suitable 
for assessing the intensity and interference of pain; however, accurate sensory 
examination with quantitative sensory testing is also needed (Haanpää et al. 
2011). In addition to the pain questionnaires and scales mentioned above, spe-
cific neuropathic assessment instruments have been designed to evaluate the 
various symptoms of neuropathic pain (Galer & Jensen 1997). The Assessment 



19 
 
Committee of the Neuropathic Pain Special Interest Group (NeuPSIG) of the 
International Association for the Study of Pain (IASP) has recently produced 
comprehensive recommendations on the assessment of neuropathic pain 
(Haanpää et al. 2011). 

2.2.3 Mechanism of pain in older people 

Knowledge of the physiology of pain has progressed as a result of the innova-
tions in electrophysiologic and imaging techniques during the past few decades. 
The mechanism of pain is now seen as involving multiple pathways, with com-
plex cellular and molecular processes at multiple levels of the nervous system 
(Renn & Dorsey 2005). This thesis is not intended to include a comprehensive 
review of pain physiology. However, some basic mechanisms are presented so 
that pain can be understood as a process with objective, physiologic sensory 
aspects as well as subjective emotional and psychological dimensions. 

The pathway from tissue damage to the sensation of pain can be divided 
into four steps: transduction, transmission, modulation, and perception. Trans-
duction refers to the action potential of nociceptors, which is caused by tissue 
damage. Typically, nociceptors are free nerve endings that sense chemical, me-
chanical, and thermal tissue damage in different parts of the body. Pain signals 
stemming from tissue damage are transmitted from peripheral nociceptors to 
the brain through spinal neurones. Modulation refers to all cellular and molecu-
lar processes that are either inhibitory or excitatory on the signal transporting 
pathway from the peripheral to central nervous systems. Perception is the end 
of this chain of events, the sensation of pain (Kalso & Kontinen 2009).   

The nervous system responsible for the sensation and perception of pain is 
divided into afferent pathways, the central nervous system, and efferent path-
ways. There are four main types of sensory afferent fibres (A , A , A  and c) 
that transmit pain impulses from the periphery through the dorsal root gangli-
on to the dorsal horn of the spinal cord, where they synapse with projection 
neurons and interneurons. The function of interneurons in the efferent path-
ways of the spinal cord may be either excitatory or inhibitory, and are thus re-
sponsible for the modulation of pain. Pain impulses enter different parts of the 
brain through a process where the ascending retricular formation prepares the 
higher regions of the brain to receive the pain message, while the thalamus or-
ganizes the sensory input and directs this to the cortex (Kalso & Kontinen 2009). 
The perception of pain is a cortical process, in which various cortical regions, 
such as the primary and secondary somatosensory cortex, insular anterior cin-
gulated cortex and prefrontal cortex, are involved. The cortical processing of 
pain has sensory components that relate to the site, duration and strength of a 
stimulus as well as emotional, memory, and affective elements of pain. Alt-
hough the mechanism of pain from nociception to perception is commonly de-
termined according to physiological processes, it is important to keep in mind 
that pain can also occur without nociception. There is no consistent relationship 
between the pain-causing stimulus and the pain that is finally perceived (Dick-
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enson, Bee & Suzuki 2005). An individual’s memories, expectations, and emo-
tions modify the experience of pain (Estlander 1989). 

With advancing age, pain perception (Gibson & Farrell 2004), central pain 
processing (Gibson & Helme 2001), and the plasticity of pain responses (Farrell 
& Gibson 2007) are altered, which may be related in part to structural and func-
tional changes in the brain. These normal and pathological aging-associated 
brain changes contribute to pain homeostenosis which means the diminished 
ability of an organism to effectively respond to the stress of persistent pain. 
Several factors may be related to this diminished ability in older people, includ-
ing cognitive impairments, altered pharmacokinetics and pharmacodynamics, 
polypharmacy, high comorbidity, social losses, loneliness, depressive symp-
toms, anxiety, and impairments in physical capacity (Karp et al. 2008). The 
normal aging- and pathology-related changes in the brain may cause impaired 
descending inhibition and other dysfunction in pain physiological mechanisms 
(Apkarian et al. 2004, Farrell & Gibson 2007, Karp et al. 2008, Buckalew et al. 
2010, Cole et al. 2010). 

There are also several other changes that may impact on pain processing 
in old age. The density and number of peripheral fibers decrease, and their 
conduction velocity may slow somewhat (Gibson 2003). Degenerative changes 
within bones, joints and other tissues in the body can lead to pain (Benoist 2003). 
In addition, changes in physiological processes, including motility, secretions, 
blood flow, and absorptive surfaces in the gastrointestinal structures, affect re-
sponse to pain treatment and sensitivity to adverse effects of medications. The 
effects of age on pain perception are contradictory. It has been reported that 
somatosensory thresholds for heat pain stimuli increase with age, whereas 
pressure pain thresholds have been shown to decrease with aging (Gibson & 
Farrell 2004).  

In sum, aging affects individuals differently, including their experience of 
pain. A key distinction between old and young individuals with persistent pain 
is that, among former, the normal and disease-related dysfunctional changes 
that accompany aging cause impaired pain inhibition and thus alter the experi-
ence of pain and contribute to the development of disability. Therefore, particu-
lar attention to individualized management of pain is required in older people.  

2.2.4 Association of musculoskeletal pain with mobility and postural balance 

The prevalence of persistent pain is known to increase with aging, and ranges 
from 30% to 60% among community-dwelling older people (Landi et al. 2001, 
Pitkälä et al. 2002, Hartikainen et al. 2005, Soldato et al. 2007), and from 45% to 
85% among residents of nursing homes and long-term care facilities (Leong & 
Nuo 2007, Boerlage et al. 2008, Zanocchi et al. 2008). Older adults are prone to 
chronic painful conditions, especially arthritis, degenerative spine disease, pe-
ripheral neuropathies, cancer, postherpetic neuralgia, and bone and joint disor-
ders (AGS Panel on Persistent Pain in Older Persons 2002). Recent studies have 
suggested a link between persistent pain, particularly back pain, and vitamin D-
deficiency (Al Faraj & Al Mutairi 2003, Plotnikoff & Quigley 2003, Hicks et al. 
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2008) which is common among older people due to limited sunlight exposure 
and nutritional deficiencies (Maggio ym. 2005). Because of the high prevalence 
of diabetes in the developed countries, the incidence of painful diabetic neurop-
athy is also increasing (Vinik et al. 2008). On the other hand, the prevalence of 
some regional pain, such as headache, declines at older age (Thomas et al. 2005).  

Persistent pain has multiple consequences on the societal level, but espe-
cially for the individual with pain. Human suffering, a lower quality of life, re-
strictions on physical activity, daily activities and hobbies, mobility limitations, 
sleep problems and increased health care costs are typical consequences at the 
individual level (Mäntyselkä et al. 2001, Aaron et al. 2002, Mäntyselkä et al. 
2002, Marty et al. 2008). It seems that interference of pain with daily activities 
increases with age (Thomas et al. 2004a, Thomas et al. 2007). This is probably 
due to the fact that musculoskeletal pain, especially in the lower extremities and 
back, influences balance and mobility through multiple pathways. Severe pain 
often leads to the restriction of painful movements, and abnormal changes in 
movement patterns. These changes and adaptations may induce more pain, re-
sulting in further activity restriction (Keefe et al. 1991, Hurwitz et al. 1997). In 
addition, fear of pain may cause avoidance of movement which in turn main-
tains both fear and pain. It is also possible that pain places additional demands 
on the attention (Vancleef & Peters 2006), and thus distracts from maintaining 
the balance needed for intact mobility. These factors may lead to a vicious circle 
where older people affected by pain reduce their physical activity, thereby ac-
celerating the development of further mobility limitation (Guralnik et al. 2001, 
Visser et al. 2005). 

Thus far, an increasing number of studies have demonstrated that older 
persons with pain comprise a special group of people at risk for mobility limita-
tion (e.g. Messier et al. 2002, Weiner et al. 2003, Buchman et al. 2007, Leveille et 
al. 2007, Eggermont et al. 2009, Shah et al. 2011). However, studies on the rela-
tionship between pain and mobility limitation have shown varying results due 
to the differences in the dimensions of pain and mobility outcomes studied. The 
majority of the previous studies have reported a relationship between musculo-
skeletal pain and self-reported difficulties in walking (Leveille et al. 2001, 
Mottram et al. 2008, Covinsky et al. 2009). Only a few population-based studies 
have examined the association between pain and mobility measured by physi-
cal performance testing. Perceived difficulties in mobility usually overlap with 
pain experience, and the use of objective measures of mobility may better reflect 
the direct effects of pain on mobility limitation. 

Most of the previous studies indicate that older persons with pain in a se-
lected site (e.g., in the foot, knee, or low back) show a variety of mobility-related 
impairments and limitations. For example, structural deformities and painful 
conditions in foot, such as hallux valgus and peripheral neuropathy (Leveille et 
al. 1998a, Menz & Lord 2001, Chaiwanichsiri et al. 2009), and osteoarthritis in 
the ankle (McDaniel et al. 2011) increase the risk for decreased walking speed, 
impaired balance, and falls. Osteoarthritis is the most common cause of knee 
pain in older people (Mäntyselkä et al. 2001, Thomas et al. 2004b). However, 
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even in the absence of radiographic changes due to arthritis, musculoskeletal 
pain in knee is associated with mobility limitation (Hochberg et al. 1989, 
Creamer et al. 2000). Persons with severe knee pain (Lamb et al. 2000, 
Eggermont et al. 2009), and painful osteoarthritis (Nebel et al. 2009, McDaniel et 
al. 2011) typically have reduced walking speed. In general, factors such as obe-
sity (Creamer et al. 2000, Lamb et al. 2000, Sutbeyaz et al. 2007), psychosocial 
impairments (e.g. depression, anxiety, poor self-efficacy)(Lamb et al. 2000, Maly 
et al. 2005), and poor muscle strength (Jadelis et al. 2001, Messier et al. 2002, 
Ling et al. 2003) intensify the effects of  knee pain on walking and balance abil-
ity. In addition, previous studies have shown a strong relationship between low 
back pain and self-reported mobility limitations (Leveille et al. 1999, Weiner et 
al. 2003). 

In addition to specific pain sites, a few studies have investigated the over-
all number of pain locations and pain severity ratings in relation to mobility in 
older people. In general, these studies have showed a dose-response relation-
ship between pain and mobility limitation. Older people who experience pain 
in multiple sites have more mobility problems than persons with single-site 
pain or without pain (Keenan et al. 2006, Leveille et al. 2007, Mottram et al. 2008, 
Eggermont et al. 2009). Accordingly, widespread pain has frequently been re-
ported to present the strongest risk for difficulties in mobility tasks (Leveille et 
al. 2001, Leveille et al. 2007, Eggermont et al. 2009, Eggermont et al. 2010). 
Widespread pain refers to axial, left- and right-sided, and upper and lower 
segment pain (Wolfe et al. 1990). However, also multisite pain that does not 
meet the criteria for widespread pain is an independent predictor of mobility 
limitation (Peat et al. 2006, Eggermont et al. 2009, Shah et al. 2011). It has also 
been concluded that more severe pain is associated with multisite pain (Croft et 
al. 2005).  

Studies have shown that greater dissemination of pain is associated with 
self-reported difficulties in mobility tasks, but not with inability to perform 
those tasks (Leveille et al. 1999, Leveille et al. 2001).  In addition, pain is more 
often related to self-reported mobility problems than objectively measured per-
formance in mobility tests. For example, in the study by Eggermont et al. (2010) 
persons with widespread or multisite pain reported difficulty walking a quarter 
of a mile or climbing 10 steps, but did not demonstrate poorer performance in 
the physical performance test (Short Physical Performance Battery, SPPB) or in 
walking speed. Similar findings have been reported at least among persons 
with low back pain (Weiner et al. 2003), and among women with disabilities 
(Leveille et al. 2001, Leveille et al. 2007). 

In addition, pain has been identified as a risk factor for falls. For example, 
Leveille and colleagues (2009) found in their study of community-dwelling 
Americans over age 70 years that chronic pain was associated with increased 
risk of falls over a one-and-half-year period. The greatest risk for falls was ob-
served in persons who had multisite pain, severe pain or who reported high 
interference of pain compared with their peers with no pain or with milder pain. 
A similar relationship between pain and risk for falling has also been docu-
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mented in a cross-sectional study with a population-based sample of persons 
with mean age of 65 years (Blyth et al. 2007). A number of studies have identi-
fied several risk factors for falling, one of the most important of which is im-
paired balance (Rubenstein & Josephson 2002, Tinetti & Kumar 2010). So far, 
however, the relationship between musculoskeletal pain and postural balance 
has not been evaluated in older people. 

The role of analgesics, often inadequately used in pain management 
among older people (Pahor et al. 1999, Pokela et al. 2010), has rarely been ad-
dressed in the studies on pain and mobility but may contribute to the relation-
ship between them. For instance, little is known about whether the association 
between pain and mobility varies according to the use of analgesics.  

2.3 Comprehensive geriatric assessment and individualized  
intervention in the promotion of mobility  

2.3.1 Content of comprehensive geriatric assessment  

Comprehensive Geriatric Assessment (CGA) has been used for many years to 
evaluate the complex needs of frail hospitalized older persons. CGA is a multi-
dimensional and interdisciplinary diagnostic process intended to determine an 
older person’s medical, psychosocial, and functional capacity and problems 
with the objective of developing an overall plan for treatment and long-term 
follow-up (Rubenstein 1984). CGA implies the delivery of treatment to meet the 
individual needs of the older person and as such moves from the diagnostic 
approach to concrete interventions. Thus, it is aimed at promoting health and 
independence by developing a coordinated and integrated plan for treatment 
and rehabilitation which are followed up in the long term. In general, rehabili-
tation is defined as a process of restoration of a functional capacity to the previ-
ous or to the highest possible level after the occurrence of a disabling event. The 
primary goal of geriatric rehabilitation is often to improve or maintain the cur-
rent level of functional capacity and to prevent further disability (Tallis 1992).  

With the continuing growth in the proportion of the aged population, 
there is an increasing need for CGA and individually tailored geriatric interven-
tions to reduce and postpone disability both among inpatients and community-
dwelling people. However, few strategies to tackle this current challenge have 
been introduced in primary care. Recently, policy statements and consensus 
reports, such as “Silver paper: the future of health promotion and preventive 
actions, basic research, and clinical aspects of age-related disease - a report of 
the European Summit on age-related disease” have highlighted the importance 
of CGA as a central part of the geriatric medicine (Cruz-Jentoft et al. 2009).  

Several different models for CGA, such as a consultation team service, and 
a geriatric evaluation and assessment unit (Ellis et al. 2011) have been described 
in the research literature. Most of these have been carried out in hospital set-
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tings among frail older patients (Reuben et al. 1995, Stenvall et al. 2007, Pilotto 
et al. 2009). The effectiveness of these models has varied: some trials have 
shown a positive effect on a length of stay in hospital, institutionalization, func-
tional capacity, and survival  (Rubenstein et al. 1984, Applegate et al. 1990, 
Asplund et al. 2000, Saltvedt et al. 2002), and others have had no significant ef-
fect on outcomes such as institutionalization (Kircher et al. 2007), functional 
decline (Winograd et al. 1993, Reuben et al. 1995), and mortality (Cohen et al. 
2002). A recent meta-analysis of 13 intervention studies (Van Craen et al. 2010) 
showed a significant effect in favor of CGA on functional decline at discharge 
from hospital and on institutionalization after one year. No significant effects of 
CGA on mortality, hospital readmission, and length of stay in hospital were 
found (Van Craen et al. 2010). On the other hand, a review by (Ellis et al. 2011), 
which evaluated the effectiveness of CGA in hospital for older adults admitted 
as an emergency, found that  more older patients are likely to survive and re-
turn home if they receive CGA whilst an inpatient compared to usual care. 
Thus, CGA and intensive follow-up seems to have an important value in detect-
ing and meeting the specific needs of frail older persons who have been admit-
ted to hospital or who have been considered for long-term care. 

In addition, CGA can be performed by community health professionals 
and primary care providers, who refer patients to a geriatrician or other special-
ists for more comprehensive evaluation and management when necessary. In  
primary care, CGA is used to address the major problems commonly encoun-
tered in old age, such as impairments in cognitive and physical capacity, falls, 
frailty, polypharmacy, malnutrition, and poor hearing and vision with the aim 
of providing medical, psychosocial and rehabilitative care, and arranging long-
er-term follow-up. CGA has multiple measurable dimensions, usually grouped 
into the four domains:  1) medical (including anamnesis, clinical examination, 
laboratory data and problem list, disease-specific severity indicators, and pre-
ventive health practices), 2) functional capacity (including basic activities of dai-
ly living, instrumental activities of daily living, physical performance, and mo-
bility), 3) psychological health (including mainly cognitive and affective status, 
quality of life), and 4) socio-environmental parameters (such as social networks 
and support, environmental safety, needs and adequacy of services) (Ru-
benstein 2004).  

The program types and levels of intensity of outpatient CGA have varied 
from a brief screening assessment and hospital consultation to intensive in-
home assessment with individualized intervention programs in community 
settings (Cohen et al. 2002, Stuck et al. 2002, Monteserin et al. 2010). For instance, 
preventive home visit programs have received much attention in the past two 
decades. They are one mode of CGA and include multidimensional assessment 
of risk factors for disability and interventions with follow-up through home 
visits or telephone contacts offered to community-dwelling older adults rather 
than selected groups of older people, such as to those recently discharged from 
hospital (Huss et al. 2008).  The evidence on the positive effects of CGA in 
community-dwelling older adults is generally weaker than in the inpatient 
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models. In addition, critical appraisal of the available evidence is difficult, be-
cause the programs show much heterogeneity as well as considerable overlap 
(Parker et al. 2000, Huss et al. 2008).  

A meta-analysis showed that non-institutional programs such as in-home 
CGA for community-dwelling persons, in-home CGA for persons recently dis-
charged from hospital, and CGA provided in an outpatient setting had no effect 
on physical or cognitive function (Stuck et al. 1993). On the other hand, health 
care systems have developed and several new studies have been published 
since the meta-analysis by Stuck et al. (1993), and these have shown that CGA 
confers health benefits also in outpatient settings (Cohen et al. 2002, Huss et al. 
2008, Monteserin et al. 2010). For example, a controlled trial of CGA and health 
management after discharge from hospital found significant improvements in 
mental health, but not in functional capacity, in frail older persons (Cohen et al. 
2002). In addition, a geriatric intervention after CGA by primary care reduced 
morbidity and mortality in persons over age 74 years at risk for frailty 
(Monteserin et al. 2010). This is in line with the findings of studies that have 
shown beneficial effects of community-based CGA with multidisciplinary pro-
gram on functional capacity and mental well-being among vulnerable frail peo-
ple (Reuben et al. 1999, Boult et al. 2001, Melis et al. 2008). For example, a fairly 
simple home intervention with problem-based selection procedure by a prima-
ry care physician prevented deterioration of functional skills for about 3 months 
and improved well-being for at least half a year (Melis et al. 2008). Previous re-
search has also documented that a multidimensional preventive home visit 
program can work for older persons with relatively good health at baseline if 
this is accompanied by a high-intensity follow-up with a comprehensive clinical 
examination (Elkan et al. 2001, Stuck et al. 2002, Huss et al. 2008).  

In conclusion, all of the CGA-based programs have not been effective, 
mainly owing to poor intensity and targeting and inadequate follow-up. It 
seems to be important that the right level of intervention is tailored to the right 
subgroup of older people. In general, for frail and acutely ill high-risk persons 
being considered for long-term care, a systematic CGA and individualized 
management strategy with intensive follow-up is extremely important to ensure 
their needs are assessed and met (Caplan et al. 2004, Van Craen et al. 2010). As 
Table 1 shows, CGA and targeted intervention programs slow functional de-
cline among older people at increased risk for disability, such as persons with 
depressive symptoms and functional impairments (Leveille et al. 1998b, Reuben 
et al. 1999, Burns et al. 2000, Stuck et al. 2000, Boult et al. 2001, Cohen et al. 2002, 
Gill et al. 2002, Caplan et al. 2004, Melis et al. 2008). On the other hand, some 
CGA programs have not been effective in preventing functional decline in abil-
ity to perform activities of daily life (van Haastregt et al. 2000, Hebert et al. 2001, 
Bouman et al. 2008). However, preventive home visits with attention to preven-
tive interventions such as exercise, nutrition, and health risk appraisal are rec-
ommended for older persons at lower risk for functional decline (Stuck et al. 
2002, Huss et al. 2008). 



26 
 
2.3.2 Effectiveness of comprehensive geriatric assessment and individualized 

intervention in preventing mobility decline 

During the past two decades, several experimental studies have reported on the 
effects of CGA and various intervention programs on mortality, functional ca-
pacity in basic (ADL) and instrumental (IADL) activities of daily living, and 
hospital and nursing home admissions among frail, hospitalized older people 
as well as in outpatient settings. However, only a few of these studies have in-
cluded mobility outcomes, such as perceived walking limitations or objectively 
measured physical performance tests. Table 1 summarizes the results of ran-
domized controlled trials (RCT) including geriatric assessment, intervention 
and mobility outcomes. CGA programs have varied in their structural compo-
nents such as assessment instruments of functional capacity. Most of the studies 
have included various self-report indices which evaluate the ability to perform 
activities of daily living, such as the Barthel index (Mahoney & Barthel 1965), 
the Lawton index (Lawton & Brody 1969), the Katz activities of daily living 
scale (Katz 1983), the Physical Functioning Dimension of the Sickness Impact 
Profile (Gilson et al. 1975), and the Functional status questionnaire (Jette et al. 
1986). Mobility is one of the most essential determinants of independent func-
tioning in daily life. Despite the fact that the indices of functional capacity in-
clude domains of mobility such as the ability to walk a short distance and stand 
up from a chair, these measures may not be sensitive enough to recognize and 
differentiate problems and changes in mobility (Fried et al. 1996). Thus, there is 
need for studies in which the effects of CGA and management strategies on 
mobility are investigated by applying specific tools such as physical perfor-
mance tests.  

So far, the controlled trials by Reuben at al. (1999), Cohen et al. (2002) and 
Melis et al. (2008) have studied the effects of a geriatric assessment and health 
management on objectively measured physical performance among older peo-
ple. These studies have been conducted either in acutely hospitalized persons or 
in community-dwelling people. The study by Cohen et al. (2002) found that in-
patient CGA and multidisciplinary management services had a positive effect 
on physical performance at the time of discharge from hospital. Statistically 
significant effects were not found in the outpatient CGA model and manage-
ment program. The researchers used the Physical Performance test (Reuben & 
Siu 1990), which includes writing a sentence, simulated eating, turning 360 de-
grees, putting on and removing a jacket, lifting a book and putting it on a shelf, 
picking up a penny from the floor, and walking 50 feet (15.24 m). On the other 
hand, a single outpatient comprehensive geriatric assessment coupled with an 
adherence intervention demonstrated a significant improvement in the same 
test among community-dwelling older persons who had specific geriatric con-
ditions (Reuben et al. 1999).  

 Although a randomized controlled trial by Melis et al. (2008) found that 
CGA with problem-based management improved functional performance in 
basic and instrumental activities of daily living, only a trend toward positive 
intervention effects was observed in physical performance measured by the 
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Timed Up & Go among frail community-dwelling people. On the other hand, 
the duration of the home-based individualized intervention was only three 
months, and it did not involve any supervised exercise strategy. Accordingly, it 
may not be possible in such a short study period to observe significant changes 
in physical performance without a regular and intensive training program. A 
study by Leveille et al. (1998b) did not include comprehensive geriatric assess-
ment but addressed known risk factors for disability and targeted a plan for 
physical activity and self-management of chronic illness with follow-up. The 
results of the study were in line with those of Melis et al. (2008), showing that 
the intervention group had fewer disability days and better functioning in ac-
tivities of daily living compared to the control group. However, physical per-
formance was not altered by the intervention; only the Timed Up & Go test 
showed modest but not statistically significant improvements in the interven-
tion group compared with controls (Leveille et al. 1998b). 

In addition to specific CGA programs, multifactorial intervention strate-
gies have been used in studies aimed at preventing falls among older people 
Typically, the interventions in question have often been based on structural as-
sessment of several dimensions of health and functional capacity (van 
Haastregt et al. 2000, Shumway-Cook et al. 2007), and may thus be compared to 
the CGA programs. For example, a study by Shumway-Cook et al. (2007) meas-
ured physical performance as a secondary outcome in addition to the incidence 
rate of falls. One RCT investigated the effects of a 12-month community-based 
multifactorial intervention on falls and risk factors such as mobility problems. 
In contrast to the traditional CGA programs, the participants in the intervention 
group were given the opportunity to participate in regular group exercise clas-
ses for up to 12 months.  The intervention produced small but significant im-
provements in physical performance measures such as the Berg Balance Scale, 
chair stands and Timed Up & Go test. This is in line with the other studies on 
fall prevention which have shown a positive effect on physical performance 
(Lord et al. 2005, Hill et al. 2008). 



 
 

 

Study Participants, mean age (SD) Duration and intervention Effect Outcome measures 
Leveille  
et al.1998b 

Chronically ill men and women (56%)  
77.1 (5.2) years 
n=201 

12 months 
Physical activity and disease 
self-management program,  
telephone contacts 

+ 
0 

Bed disability days 
6-minute walking, usual gait speed, 
chair stand, TUG, the physical per-
formance and mobility exam, MOS-
SF-36 

Reuben  
et al. 1999 

Men and women (82%) with at least 
one of four geriatric conditions 
75.9 (5.9) years 
n=363 

15 months 
Single CGA consultation,  
recommendations, 
telephone contacts 

+ 
+ 
0 

MOS SF-36 
Restricted activity days 
The Physical Performance test 

Burns  
et al. 2000 

Men (97%) and women admitted to 
the health services 
71.3 (5.0) years 
n=98 

24 months 
Long-term management  
program 

+ 
0 

Lawton & Brody (IADL) 
Katz (ADL) 
 

Stuck 
et al. 2000 

Men and women (73%) without severe 
impairments 
81.6 (4.6) years 
n=791 

36 months 
Referral and recommendations, 
health counseling 

+ Lawton & Brody (IADL) 

Van Haastregt  
et al. 2000 

Men and women (66%) at risk for falls 
77.2 (5.1) years 
n=316 

18 months 
Home visits, environment or 
assistive devices, counseling, 
referrals 

0 Self-reported walking ability 

Boult  
et al. 2001 

Men (56%) and women at risk for hos-
pital admission 
78.8 (5.6) years 
n=568 

18 months 
Multidisciplinary management, 
telephone contacts 

+ Sickness Impact Profile : Dimension of 
physical functioning 

Hébert  
et al. 2001 

Men and women (64%) at risk for 
functional decline 
80.3 (4.4) years 
n=503 

12 months 
Referral, recommendations, 
telephone contacts 
 

0 Functional autonomy measurement 
system 
 
                                            continues 

TABLE 1 Randomized controlled trials including comprehensive geriatric assessment or similar, individualized intervention, mobility and 
functional status outcomes among community-dwelling people. 



 
 
TABLE 1  continues 

Study  Participants, mean age (SD) Duration and intervention Effect Outcome measures 
Gill 
et al. 2002 

Physically frail men and women (80%) 
83.2 (5.1) years 
n=188 

12 months 
Home-based physiotherapy 
program, environment  
or assistive devices, education 

+ Self-reported disability score 

Cohen 
et al. 2002 

Men (98%) and women discharged 
after acute hospitalization 
74.2 years 
n=1338 

12 months 
Care at inpatient clinic 
 
Care at outpatient clinic 

 
+ 
+ 
0 

 
MOS-SF-36, Katz (ADL) 
The Physical Performance test 
 

Caplan  
et al. 2004 

Men and women (60%) discharged 
home from emergency department 
82.2 (5.9) years 
n=739 

18 months 
Recommendations, referrals, 
appropriate services 

+ Barthel (ADL) 

Shumway-
Cook 
et al. 2007 

Sedentary men and women (77%) 
75.6 (5.9) years 
n=453 

12 months 
Group exercise 3 times/week, 
fall prevention education 

+ Berg Balance Scale, Chair stand, TUG 

Rubenstein 
et al. 2007 

Men (97%) and women at risk for dis-
ability 
74.4 (6.0) years 
n=792 

18 months 
Referrals, telephone contacts 

0 
+ 

Functional Status Questionnaire 
Subgroup of persons with poor  
functioning in IADL at baseline 

Bouman 
et al. 2008 

Men and women (60%) with poor 
health 
75.7 (3.8) years 
n=330 

24 months 
Home visits, advice, referrals, 
telephone contacts 

0 Groningen Activity Restriction Scale 

Melis 
et al. 2008 

Men and women (75%) with one or 
more limitations in cognition, func-
tioning, or mental well-being  
82.3 (6.3) years 
n=151 

6 months 
Individualized management 
program 

+ 
0 

Groningen Activity Restriction Scale 
TUG 

+ Positive intervention effect (statistically significant, p<0.05)  0 No intervention effect 
ADL= Activities of daily living     
IADL=Instrumental activities of daily living  
MOS SF-36=Medical Outcome Survey Short Form Health Survey 
TUG= Timed Up & Go test 
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2.3.3 Comprehensive geriatric assessment and individualized intervention in 

relation to pain  

Most health conditions associated with aging carry a substantial burden of pain. 
Aging affects individuals differently, and increases the variance in physiology 
and metabolism related to pain (Fine 2009). Thus, particular attention to indi-
vidualized assessment and treatment of pain is needed, and the pain manage-
ment approach should reflect an individual’s unique requirements and limita-
tions. Assessment of pain is an important part of CGA and a consensus exists 
on recommendations for comprehensive assessment of pain in older adults 
(Hadjistavropoulos et al. 2007). In previous CGA studies, pain has usually been 
evaluated as part of a health-related quality of life measure, such as the SF-36 
(Ware & Sherbourne 1992).  

The management of pain should be one of the primary targets of an inter-
vention among persons with pain. The current evidence for the primary care 
management of pain in older persons supports the use of both pharmacological 
and non-pharmacological strategies (AGS Panel on Persistent Pain in Older Per-
sons 2002, AGS Panel on Pharmacological Management of Persistent Pain in 
Older Persons 2009). Traditionally, the management of pain has been led by 
physicians, and interdisciplinarity has not been utilized as a way effectively to 
address the multidimensional aspects of pain in older people.  This seems to be 
increasingly unsustainable, and alternative models of care are needed. Multi-
disciplinary team of CGA and individualized interventions may provide an 
effective shift in care away from the traditionally used constricted model. Nev-
ertheless, relatively few studies on CGA have documented the effects of inter-
ventions on pain or have focused specifically on persons with pain. For example, 
Cohen et al. (2002) showed that inpatient CGA and management had positive 
effect on bodily pain at discharge from geriatric unit and one year after it. On 
the other hand, no effects on pain were found among persons who received 
CGA in the outpatient unit (Cohen et al. 2002). 



  
 

3 AIMS OF THE STUDY 

The purpose of this study was to investigate the association between musculo-
skeletal pain, postural balance and mobility in older people. In addition, this 
study examined the effects of a comprehensive geriatric assessment and multi-
factorial intervention on physical performance and the development of mobility 
limitation in older people aged 75 years and over. The specific aims of the pre-
sent investigations were to determine: 

 
1. Whether musculoskeletal pain is associated with mobility, and whether 

the association varies according to the use of analgesics (I). 
2. Whether musculoskeletal pain is associated with postural balance (II). 
3. The effects of a comprehensive geriatric assessment and individualized 

intervention on physical performance (III) and perceived mobility limita-
tion (IV). 

4. The effects of a comprehensive geriatric assessment and individualized 
intervention on mobility among persons with musculoskeletal pain (IV). 

 
 



  
 

4 METHODS 

4.1 Study design and participants 

This experimental study is part of a broader population-based study, the Geri-
atric Multidisciplinary Strategy for the Good Care of the Elderly (GeMS), which 
was designed to develop a model of geriatric assessment, care and rehabilita-
tion suited to the needs of primary health care. It comprised a baseline assess-
ment, a two-year intervention with annual measurements and a one-year fol-
low-up.  The study was conducted in the city of Kuopio, Eastern Finland be-
tween November 2003 and December 2007. The design and the data used in the 
original publications are summarized in Table 2. 

The target population consisted of all the 75-year-old and older residents 
of Kuopio. In November 2003, when the study was launched, Kuopio had 
88 253 inhabitants, of whom 6% (5615 persons) were aged 75 years or older. 
Contact information on the population was gathered from the Finnish popula-
tion register. A random sample of 1 000 persons was randomly divided into two 
same-sized groups, an intervention and a control group. After excluding sub-
jects who had died, refused to participate or had moved out of the area, a total 
of 781 subjects participated in the study (404 in the intervention group and 377 
in the control group). The study protocol included an annual examination over 
a three-year period from 2004 to 2007 for both the intervention and control 
groups. Attrition during the follow-up was mainly due to deaths, but also to 
refusals that occurred to some extent in both groups. For the purposes of the 
present study, the data used were obtained from the structured interviews car-
ried out annually by a physician and trained nurse, and the physical perfor-
mance and postural balance tests carried out by a trained physiotherapist. A 
flow chart of the GeMS is presented in Figure 1.  
 

 
 
 



 
 

 
 
 

Died=38 
Refused =85 

Random sample of 1000 persons aged 75 years and over 

Intervention group 
n=500 

Control group 
n=500 

Died=17 
Refused =77 
Moved=2 

Baseline measurement 
year 2004 n=404 

Baseline measurement 
year 2004 n=377 

Died=27 
Refused=6 

Died=25 
Refused=5 
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Measurement year 2005 
n=371 

Measurement year 2005 
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Measurement year 2006 
n=339 

Measurement year 2006 
n=318 
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Follow-up measurement year 2007 
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Follow-up measurement year 2007 
n=294 
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FIGURE 1 Flow chart of the GeMS project. 
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TABLE 2 Study designs, populations and outcomes. 

4.2 Ethics 

The GeMS study was approved by the Research Ethics Committee of the Hospi-
tal District of Northern Savo. All the participants were informed about the 
study and they or their family members gave a written informed consent. Stud-
ies were carried out according to the guidelines for good scientific practice laid 
down in the Declaration of Helsinki. 

4.3 Measurements 

4.3.1 Mobility 

Mobility was measured using the Timed Up & Go test (TUG) (I, III), 10-meter 
walk test (III), and self-reports (IV).  The TUG measures a combination of many 
factors needed in mobility such as muscle strength and power, postural balance 
and walking ability (Podsiadlo & Richardson 1991). In the TUG, participants 

Study Design Participants Age (mean ± SD) Primary out-
come 

I Observational 
Cross-sectional 

436 women 
186 men 

75-98 (80.4 ± 4.5) Mobility limi-
tation 

II Observational 
Cross-sectional 

428 women 
177 men 

75-98 (80.4 ± 4.4) Impaired pos-
tural balance 

III Experimental  
Controlled trial 
2-year intervention 
with 1-year follow-up 
 
Subgroup analyses for 
those who were able 
to participate in the 
physical performance 
tests 

668 women and 
men 
 
 
 
Intervention group 
n=348 
Control group 
n=320 

75-98 (80.6 ± 4.7) Physical per-
formance: 
Walking speed 
Timed Up & 
Go-test 
Berg Balance 
Scale 

IV Experimental  
Controlled trial 
2-year intervention 
with 1-year follow-up 
 
Subgroup analyses  
for those with pain 
and without pain 

781 women and 
men 
Intervention =404 
Control n=377 
 
Intervention n=137
Control n=128 
Intervention n=177
Control n=165 

75-98 (81.1 ± 5.0) Mobility limi-
tation 
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were asked to rise from a standard chair with armrests, using their arms for 
support if needed, walk three meters as fast as possible, turn and return to a 
fully seated position in the same chair. The time taken to complete the test was 
measured by a stopwatch. In the TUG and walk test, participants wore their 
regular footwear and were allowed to use their usual ambulatory aid if neces-
sary. Previous studies have shown excellent intra- and interrater reliability in 
the range 0.92 to 0.99 (Steffen et al. 2002, Lin et al. 2004). Participants were con-
sidered to have mobility limitation if the time exceeded 13.5 seconds or if they 
were unable to perform the TUG test (I). The cut-off point of 13.5 seconds was 
based on a previous study, in which it was associated with an increased risk of 
falling among people aged 65-95 years (Shumway-Cook, Brauer & Woollacott 
2000).  

Maximal walking speed was assessed over a 10-meter distance timed with 
a stopwatch. Participants were allowed three meters for acceleration before the 
start line and they were encouraged to walk as fast as possible without risking 
their health. Maximal walking speed (m/s) was calculated by dividing the 10-m 
distance by the time taken to walk it. The test-retest precision has been docu-
mented previously to be 5% (Sipilä et al. 1996, Steffen et al. 2002). The recom-
mended criterion for clinically meaningful change in maximal walking speed is 
0.05 m/s (Perera et al. 2006).  

Self-reported mobility limitation was evaluated using a structured ques-
tion on perceived ability to walk 400 meters. Four alternative response options 
were given: (1) unable to manage, (2) able to manage only with help of another 
person, (3) able to manage independently but with difficulty, (4) able to manage 
without difficulty. Participants reporting inability and need for the help of an-
other person were categorized as having mobility limitation.  

4.3.2 Postural balance 

Balance was measured by a trained physiotherapist using a force platform sys-
tem (Good Balance; Metitur Ltd, Jyväskylä, Finland) and Berg Balance Scale 
(Berg et al. 1992). The force platform device is designed to register vertical forc-
es, and to calculate anteroposterior (AP) and mediolateral (ML) sway velocity 
(mm/s), and velocity moment (mm2/s) from the movement of the centre of 
pressure (COP). Velocity moment refers to the first moment of velocity calculat-
ed as the mean area covered by the movement of COP during each second of 
the test. The amplified analogue signals were recorded at a rate of 50 Hz and 
transmitted to the computer through a serial port. All filtering and data pro-
cessing was conducted in digital form by the software. Four different test condi-
tions, during which COP movement was recorded for 20 or 30 seconds depend-
ing on the test, were used. In tests where the participant had been instructed to 
stand barefoot as still as possible, higher sway values indicated greater postural 
instability. The test conditions were: 1) normal standing for 30 s, feet comforta-
bly apart, with eyes open, 2) normal standing for 30 s, feet comfortably apart, 
with eyes closed, 3) standing feet together side by side for 30 s, with eyes open, 
3) semitandem standing for 20 s, the heel of one foot positioned alongside the 
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big toe of the other foot, with eyes open. The semitandem test was done twice, 
first with one foot and then with the other foot in front. The result of the better 
trial was taken for the analyses. To minimize the effect of body height on COP 
movement, the values of the original ML and AP speed variables were adjusted 
using the formula [(balance variable/participant’s height (cm)) x 180]. For ve-
locity moment the effect of body height was compensated for according to the 
formula [(balance variable/participant’s height in cm2) x 1802] (Era et al. 1996). 

Impaired balance was defined on the one hand according to the partici-
pant’s ability to perform the semitandem test and on the other hand according 
to the quality of balance performance as sway measurements. Participants were 
categorized into tertiles according to the distribution of the mean velocity mo-
ment in semitandem standing. The first and second tertiles (lowest sway veloc-
ity moment), representing the best performance in the semitandem test were 
combined (n=278). Those unable to perform the semitandem test (n=185) were 
combined with the persons in the third tertile (n=142), whose balance perform-
ance was the poorest. Thus, impaired postural balance (n=327) was defined as 
being unable to perform the semitandem test or having the highest sway veloc-
ity moment in it. 

The Berg Balance Scale was used to evaluate an individual’s ability to per-
form different tasks related to the skills of sitting down, standing up, reaching, 
turning around oneself, looking over one’s shoulders and standing on one foot. 
The ability to perform each of the 14 tasks is rated from 0 (incapable) to 4 (safe 
and independent). The total score ranges between 0 and 56, with higher scores 
indicating better functional balance in mobility tasks. The psychometric proper-
ties of reliability and validity have been well demonstrated for the Berg Balance 
Scale. Studies on older people have shown high intra- and interrater reliability 
(ICC 0.98, ratio of variability to total 0.96–1.0, rs.88) (Berg et al. 1992, Steffen et al. 
2002).   

4.3.3 Musculoskeletal pain 

A specially trained nurse examiner interviewed the participants on muscu-
loskeletal pain at the research clinic or in their home. The assessment included 
questions about the presence, frequency and severity of pain. Pain was defined 
as pain experienced in the shoulders, neck, back, hips, knees, or other sites in 
the upper or lower body for at least seven days during the month immediately 
preceding the assessment. To measure the severity of pain, a 10-point Numeric 
Rating Scale (NRS), which has the numbers 1-10 written successively from left 
to right and where the person circles the number that corresponds best to 
his/her pain, was used. Pain was categorized into two groups according to se-
verity: mild (2–4), and moderate to severe pain (5-10). Participants reporting 
mild or moderate to severe pain were compared with those who reported no 
pain.  
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4.3.4 Descriptive, mediating and confounding factors 

Background information  
The participants' weight and height were measured, and body mass index (BMI) 
was calculated by dividing body weight (kg) by body height squared in meters. 
Residential status was determined on the basis of living conditions at the time 
of examination. Home living status was coded for subjects living in their own 
home or in sheltered accommodation. Institutional care included nursing 
homes, residential care homes and long-term hospital care. Cognitive function 
was assessed using the Mini Mental State Examination (MMSE) (Folstein, et al. 
1975). Self-rated health was measured by the question: “How would you rate 
your health at the moment?” Participants selected one of the five response cate-
gories ranging from very good to very poor health. In the analysis, categories 1-
3 (good self-rated health) and 4-5 (poor self-rated health) were combined. 
Length of education was asked in the questionnaire and classified into two cat-
egories: (a) 6 years or less and (b) more than 6 years.  
 
Physical activity 
Information on level of physical activity was collected using a modified version 
of the scale of Grimby (1986). The participants were categorized on the basis of 
their self-reported physical activity into a sedentary group (no exercise, or at 
most light walking 1-2 times a week) and a more active group (walking or other 
light exercise several times a week, or moderate exercise 1-2 times a week, or 
moderate to vigorous exercise several times a week).  
 
Chronic conditions 
Depressive symptoms were screened for using the 15-item Geriatric Depression 
Scale (Sheikh & Yesavage 1986).  A score of 5 or more (range 0-15) was used to 
indicate the presence of depressive symptoms. Assessment of osteoarthritis and 
stroke was based on the baseline clinical examination and medical records. The 
presence of rheumatoid arthritis, chronic obstructive pulmonary disease, Park-
inson’s disease, diabetes, and cardiovascular disease was confirmed from the 
Special Reimbursement Register, which is maintained by the Finnish Social In-
surance Institution and contains data on patients with specific chronic diseases. 
In this study, osteoarthritis and rheumatoid arthritis were combined to form a 
single arthritis variable. Similarly, stroke and Parkinson’s disease formed a sin-
gle neurological disease variable.  
 
Muscle strength 
Maximal isometric knee extension strength was measured unilaterally on both 
sides in a sitting position using an adjustable dynamometer chair (Good 
Strength, Metitur Oy, Palokka Finland). The measurements were performed at a 
knee angle of 60°. Participants were allowed to make three maximal efforts and 
the best performance with the highest value was accepted as the result. Five 
hundred and twenty participants completed the maximal isometric strength test. 
Participants were allocated into categories for age and sex, and each category 
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was then divided into tertiles. In the logistic regression analyses, the highest 
tertile was compared with the middle tertile (moderate knee extension strength), 
lowest tertile (low knee extension strength) and with those with missing muscle 
strength values. People who were not able to participate in the strength test 
(n=102) were more likely to be older (p<0.001), to rate their health poor 
(p<0.001), and to have mobility limitation (p<0.001) than those who took part. 
For analytical purposes, people with missing muscle strength were included 
intthe poor muscle strength group.  

 
Use of analgesics 
Use of prescription and nonprescription analgesic drugs was assessed by 
trained nurse during the interviews. Drug information was obtained from the 
participants and/or their relatives and caregivers (prescriptions, drug packag-
es), and from the medical records (the municipal health center, home nursing 
service, local hospitals, and Kuopio University Hospital). 

4.4 The comprehensive geriatric assessment and individualized 
intervention 

The individually tailored geriatric intervention was aimed at preventing disa-
bility in older people. An annual CGA was an integral part of the intervention. 
It involved a multidimensional team approach that determined an older per-
son’s biomedical, psychosocial, and environmental needs so that an appropriate 
treatment plan could be initiated. A physician, nurse, and physiotherapist as-
sessed the participants annually, a dentist twice, and an ophthalmologist once 
during the study period. The CGA included commonly used standardized tools 
in the assessment of physical, cognitive, emotional, and functional status.  

The individualized intervention consisted of a medical and a physical ac-
tivity component. In the medical intervention the main focus was on the opti-
mization of care and medication, and on the management of major medical 
problems commonly encountered in old age, such as inappropriate medication, 
malnutrition, declined cognition, and declined physical health, that increase the 
risk for institutionalized care. The multidisciplinary health professional team 
delivered the intervention, and referred the participant to other health profes-
sionals and community services when needed. The control participants did not 
receive any intervention but took part in the annual health and physical per-
formance evaluation and used their usual healthcare services. 

The physical activity component of the intervention consisted of individu-
ally tailored physical activity counseling and an opportunity to participate in 
supervised muscle strength and balance training. The counseling session started 
with a physical activity interview, the aim being to chart current as well as prior 
physical activity. To increase adherence, both the participant and physiothera-
pist signed the plan. The plan was revised and adjusted, if needed, annually.  
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Group-based progressive resistance training was offered to the interven-
tion group once a week at a gym, and was supervised by a physiotherapist. The 
training included leg press, leg extension, leg curl, hip abduction, hip adduction, 
hip extension, and abdominal crunch. The intensity of training was determined 
by repetition maximums. Training was performed with a moderate intensity of 
60-85% of 1 RM with 2-3 sets and 8-12 repetitions. Progression was done by in-
creasing the load while maintaining the same number of successful repetitions. 
Each training session included a 15-minute period of combined warming-up 
and balance exercises. 

4.5 Statistical methods 

The descriptive statistics are expressed as proportions and means with standard 
deviations (SDs). The baseline comparisons of the discrete characteristics of the 
study groups were performed using Pearson’s 2-test and comparisons for con-
tinuous variables were tested using independent sample Student’s t-test and 
one-way analysis of variance (ANOVA). The assumption of normality was as-
sessed graphically and tested with the Kolmogorov-Smirnov test.  
 
Logistic regression model 
The association of musculoskeletal pain with mobility limitation (Study I), and 
impaired balance (Study II) was studied using logistic regression models. The 
base models were adjusted for age and sex, and furthermore, known and postu-
lated determinants of outcome variables were added to the model to examine in 
more detail the pathway between pain, mobility limitation and impaired pos-
tural balance. The adjusted models included BMI, living alone, chronic condi-
tions, physical activity, and muscle strength. 
 
Linear mixed model 
Linear mixed models with a repeated measurements technique (unstructured 
covariance type), were used to analyze the effect of CGA and the individualized 
intervention on maximal walking speed, time to perform TUG, and the Berg 
Balance Test scores and the progress of these measures over time (Study III). 
The results of the linear mixed models are presented as estimated covariate ef-
fects (  parameters) with standard errors (SEs). The analysis yielded restricted 
maximum likelihood estimates for the effects of time, group, and time x group 
intervention. A statistically significant time x group interaction indicates that 
the two groups have different patterns of change in the outcome measurement 
over time. 
 
Generalized estimating equation models 
To analyze the effect of the intervention and 1-year follow-up data on our pri-
mary outcome, mobility limitation, generalized estimating equation (GEE) 
models were constructed. The GEE methodology allowed us to analyze wheth-
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er the participants in the intervention group had a lower incidence of, or higher 
recovery from, mobility limitation, resulting in a lower prevalence of mobility 
limitation compared with the control group. The interaction term tested repre-
sents the difference between the groups in time-related change in the propor-
tion of participants reporting mobility limitation. Results are expressed as odds 
ratios and their 95% confidence intervals. In a subgroup analysis, GEE models 
were applied to explore whether the prevalence of mobility limitation differed 
over time between the participants with pain and those without pain at baseline 
in the intervention and control groups. Number needed to treat (Cook & Sackett 
1995) [NNT= 1/(proportion benefiting from experimental intervention in the 
intervention group – proportion benefiting in the control group)], was calculat-
ed to evaluate the efficacy of the trial the in whole sample after the 2-year inter-
vention.  
 
Statistical software 
All data were entered into SPSS statistical software. In the analysis, the latest 
available version of this software was used. The SPSS statistical software for 
Windows (SPSS Inc., Chicago, US) was used to analyze the results of Studies I 
and II (version 15.0). The PASW statistical software (SPSS Inc., Chicago, US, 
version 18.0) was used in Studies III and IV. 



  
 

5 RESULTS 

5.1 Characteristics of the participants 

Table 3 shows the baseline characteristics of the participants in the GeMS pro-
ject. The participants were on average 81.8 ± 5.0 year-old, and the majority were 
women (70%, n=548). The most prevalent chronic conditions were cardiovascu-
lar diseases: approximately 64% of the participants (n=497) had cardiovascular 
disease. Almost 40% (n=299) of persons suffered from arthritis. Approximately 
half of the participants (47%, n=364) were categorized as having a sedentary 
lifestyle. 
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TABLE 3 Baseline characteristics of the participants in the GeMS project (n=781).  

 Mean (SD) 
Age (years) 81.1 (5.0) 
Education (years) 7.3 (3.3) 
Body Mass Index (kg/m2) 26.4 (4.4) 
Mini Mental State Examination (score) 24.6 (6.8) 

 
 % (n) 
Women 70 (548) 
Living arrangement 
  at home with someone 
  at home alone 
  institutionalized 

 
38 
52 
10 

 
298 
402 
81 

Poor self-rated health 15 120 
Arthritis 38 299 
Cardiovascular disease 64 497 
Neurological disease 14 113 
Chronic obstructive pulmonary disease 9 68 
Cancer 4 29 
Diabetes  16 128 
Depressive symptoms 9 73 
Sedentary 47 364 

SD=Standard Deviation 

5.2 Musculoskeletal pain in relation to mobility and postural 
balance 

5.2.1 Musculoskeletal pain in the participants 

A total of 251 (40%) community-dwelling persons reported persistent muscu-
loskeletal pain. Of them, 62% (n=155) were classified as having severe or mod-
erate pain, and 38% (n=96) as having mild pain. Pain was located in the lower 
extremities (40%), back (21%), lower extremities and back (17%), upper extremi-
ties (6%), and upper and lower extremities and back (16%). 

Compared with participants without pain, those with pain were more 
likely to be women, to have a higher BMI, and to rate their health as poor. Par-
ticipants with pain had a higher prevalence of osteoarthritis, chronic obstructive 
pulmonary disease, and depressed mood. In addition, they were more likely to 
be sedentary and have mobility limitation than those without pain. Participants 
with pain were also more likely to use analgesics. Table 4 shows the baseline 
comparisons between the pain severity groups. 
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TABLE 4 Baseline characteristics in relation to pain in the participants aged 75 years 

and over. 

                        Pain  
 No pain 

n=371 
Mild 
n=96 

Moderate / severe 
n=155 

p-
value* 

 Mean (SD) Mean (SD) Mean (SD)  
Age (y) 80.0 (4.3) 80.9 (4.9) 80.9 (4.6) .050 
Education (y) 7.6 (3.2) 8.0 (4.2) 7.0 (2.9) .061 
BMI (kg/m2) 26.1 (4.1) 27.4 (3.9) 27.8 (4.9) <.001 
MMSE (score) 26.9 (2.9) 26.9 (2.9) 27.2 (2.4) .527 

 
 % % %  
Women 66 72 80 .004 
Poor  
self-rated health  

 
8 

 
17 

 
25 

 
<.001 

Arthritis 26 57 54 <.001 
Cardiovascular  
disease 

 
63 

 
68 

 
71 

 
.178 

Neurological 
disease 

 
11 

 
11 

 
16 

 
.255 

Chronic obstructive 
pulmonary disease 

 
7 

 
8 

 
15 

 
.023 

Cancer 4 2 3 .522 
Diabetes  14 16 21 .116 
Depressive  
symptoms 

 
6 

 
13 

 
11 

 
.039 

Sedentary 32 43 50 .001 
Mobility limitation 24 40 47 <.001 
Analgesics 26 60 77 <.001 

*Chi-square test and ANOVA 
BMI=Body Mass Index 
MMSE=Mini-Mental State Examination 

5.2.2 Association of musculoskeletal pain with mobility limitation (I) 

Musculoskeletal pain was associated with mobility problems among the com-
munity-dwelling participants. Time to perform the Timed Up & Go test was 
significantly higher among participants with pain (15.1±SE 0.5s) compared to 
those without pain (12.4±0.4s, p=0.003). Maximal walking speed was lower 
among participants with pain compared to those without pain (1.23±0.03m/s vs. 
1.42±0.02m/s, p<0.001). 

Participants who reported pain had over twice the risk (OR 2.35 95% CI 
1.63–3.38) for a TUG result of over 13.5 s or inability to perform the test, indicat-
ing mobility limitation, than participants with no pain after adjusting for age 
and gender. After adjustment for body mass, living alone, self-rated health, 
chronic conditions, physical activity, and muscle strength, the association be-
tween pain and mobility limitation was attenuated but remained statistically 
significant (OR 1.83 95% CI 1.16–2.89). The results on the relationships between 
severity of musculoskeletal pain and mobility limitation in the logistic regres-
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sion analyses are presented in Table 5. There was a gradient risk for mobility 
limitation according to pain severity. The risk was highest among those with 
severe or moderate pain (OR 2.53 95% CI 1.67–3.70). The association remained 
significant after further adjustment (OR 1.84 95% CI 1.10–3.13). 

TABLE 5 Association between musculoskeletal pain and mobility limitation. Odds 
ratios (OR) and 95 % Confidence intervals (CI) for mobility limitation meas-
ured by Timed Up & Go test among community-dwelling persons aged 75 
years and over, n=622. 

 Risk for mobility limitation 
 Model I* Model II† 
 OR 95% CI OR 95% CI 
Severity of pain     
    No pain 1.00 - 1.00 - 
    Mild pain 2.07 1.26-3.42 1.58 0.84-2.97 
    Moderate or severe pain 2.53 1.67-3.70 1.84 1.10–3.13 
Age  80 years 3.36 2.34-4.83 2.95 1.88-4.63 
Female 1.76 1.15-2.70 1.49 0.86-2.58 
Body mass index  30kg/m2   1.22 0.71-2.09 
Living alone   2.30 1.40-3.79 
Poor self-rated health   1.99 1.06-3.73 
Chronic conditions     
    Arthritis   1.46 0.93-2.29 
    Cardiovascular disease   1.07 0.67-1.73 
    Neurological disease   4.43 2.41-8.12 
    Obstructive pulmonary disease   0.78 0.38-1.62 
    Diabetes    1.31 0.73-2.36 
    Depressive symptoms   1.28 0.58-2.79 
Sedentary lifestyle   3.54 2.25-5.59 
Poor muscle strength   4.49 2.87-7.03 

*Model adjusted for age and gender. 
†Model adjusted for age, gender, body mass, living alone, osteoarthritis, rheumatoid arthri-
tis, cardiovascular diseases, neurological diseases, chronic obstructive pulmonary diseases, 
diabetes, depressive symptoms, sedentary lifestyle, and poor maximal isometric knee ex-
tension strength. 
 
Analgesic medications were used by 71% (177/251) of persons with pain, and 
by 26% (98/371) without pain (Table 4). The most commonly used oral 
analgesic drugs were non-steroidal anti-inflammatory drugs (NSAIDs, 33.5%), 
followed by acetaminophen (29.1%), opioids (22.9%), and combinations of 
NSAIDs and acetaminophen (11.6%). Furthermore, 2.9% used topical NSAIDs 
only. Figure 2 shows that the proportion of those who reported difficulties in 
walking 400 m was higher (p<0.001) among persons who had pain and used 
analgesics than in the other groups. 
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FIGURE 2 Percentages of persons according to self-reported ability to walk 400 m in 
groups formed on the basis of pain and use of analgesics. 

Analgesic users who experienced pain had over three times the risk for mobility 
limitation (indicated as time to perform TUG over 13.5 s or inability to perform 
the test) (OR 3.19 95% CI 2.07–4.93) compared to pain-free persons who did not 
use analgesics. Further adjustment for potential factors on the pathway, such as 
body mass, living alone, self-rated health, chronic conditions, physical activity, 
and muscle strength, did not materially change the result (OR 2.37 95% CI 1.37–
4.11). The risk of mobility limitation was not statistically significantly different 
between pain-free analgesic users (OR 1.20 95% CI 0.69-2.09), and non-users with 
pain (OR 1.29 95% CI 0.70-2.37) as compared to pain-free non-users (Figure 3). 
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FIGURE 3 Odds Ratio and 95% Confidence Interval for having Timed Up & Go test 
result > 13.5 s or being unable to perform the test indicating mobility limita-
tion in older persons stratified based on pain and analgesics use. 

5.2.3 Association of musculoskeletal pain with postural balance (II) 

Table 6 compares the measures of postural sway in the four different stances 
between the three groups according to severity of pain. In addition, the propor-
tion of those unable to perform a test is presented by pain groups. Significantly 
higher AP velocities in all stances were observed for participants with moderate 
to severe pain compared to those without pain. A trend towards increased sway 
in the ML direction in those with pain was present but the differences between 
the groups were not statistically significant.  Figure 4 shows that velocity mo-
ment increased with the increasing challenge of the test. In each test, partici-
pants with no pain performed significantly better than those with moderate to 
severe pain. For example, in the most challenging test position, semitandem 
stance, the mean of the velocity moment was statistically significantly higher 
(117.4 mm2/s, SD 59.7) for those with moderate to severe pain than those with-
out pain (104.4 mm2/s, SD 46.9), p=0.011). Additionally, a significantly greater 
proportion of the participants with musculoskeletal pain were unable to per-
form the semitandem test compared to those without pain (Table 6).  

Logistic regression analysis revealed that participants with moderate to 
severe pain had over twice (OR 2.55, 95% CI 1.67-3.91) the risk for impaired 
postural balance compared to those without pain. The multivariate adjustment, 
including age, gender, obesity, chronic diseases, joint replacement, muscle 
strength and level of physical activity, did not materially change the estimate 
(OR 2.33, 95 % CI 1.44-3.76). Mild pain was not associated with impaired pos-
tural balance (OR 1.08 95% CI 0.64-1.83).  
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TABLE 6 Indices of COP movement variables, mean (SD), in different standing condi-

tions by pain groups. 

COP=center of pressure  
SD=standard deviation 
ML=mediolateral 
 AP=anteroposterior 
† test for linear trend across pain groups. 
* p <0.017 determined from least significant difference post hoc test for differences between 
pain groups.  
 
 

  Pain  
Balance test/ 
COP movement 

No pain 
n=314 

Mild 
n=113 

Moderate / 
severe n=178 

Trend p-
value† 

Normal, eyes open     
   ML velocity mm/s 5.6 (2.8) 5.7 (2.4) 6.2 (3.3) .124 
   AP velocity mm/s 10.3 (4.9) 10.8 (4.9) 12.1 (6.9)* .005 
   Velocity moment mm2/s 22.2 (12.3) 22.6 (13.0) 26.1 (14.3)* .049 
   Unable to perform, n (%) 18 (6) 11 (10) 18 (10) .150 
Normal, eyes closed     
   ML velocity mm/s 7.8 (4.9) 8.2 (5.0) 8.8 (5.2) .064 
   AP velocity mm/s 16.3 (6.8) 17.4 (7.4) 18.5 (8.4)* .017 
   Velocity moment mm2/s 33.7 (26.2) 37.0 (27.9) 43.5 (31.8)* .012 
   Unable to perform, n (%) 22 (7) 13 (11) 20 (12) .179 
Feet together     
   ML velocity mm/s 16.1 (5.7) 16.8 (5.8) 17.3 (6.4) .234 
   AP velocity mm/s 13.2 (5.4) 14.4 (6.2) 15.7 (6.3)* .001 
   Velocity moment mm2/s 65.8 (34.6) 70.6 (34.5) 77.4 (38.1)* .016 
   Unable to perform, n (%) 35 (11) 16 (14) 33 (19)* .074 
Semitandem     
   ML velocity mm/s 24.4 (7.3) 25.5 (7.7) 26.2 (8.1) .154 
   AP velocity mm/s 19.7 (8.0) 20.2 (7.7) 22.0 (8.3)* .009 
   Velocity moment mm2/s 104.4 (46.9) 107.2 (55.8) 117.4 (59.7)* .055 
   Unable to perform, n (%) 79 (25) 38 (34) 68 (38)* .008 
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FIGURE 4 Mean center of pressure velocity moments and standard errors in four differ-
ent stance positions by pain groups. * p<0.017 for comparison between those 
with moderate/severe pain and no pain determined from least significant 
test. 

5.3 Effects of the comprehensive geriatric assessment and  
individualized intervention on mobility 

In the GeMs data, the baseline characteristics of the intervention group and 
control group were comparable (Studies III and IV). The mean age of the both 
groups was 81 years and the majority were women (71% in the intervention 
group and 69% in the control group). There were no statistically significant 
differences between the study groups in the prevalence of chronic conditions, 
physical activity or maximal isometric knee extension strength at the baseline 
(Studies III and IV). 

The geriatric intervention was based on the comprehensive geriatric as-
sessment and multidisciplinary team approach. After the geriatric comprehen-
sive assessment by a physician, nurse and physiotherapist, the interventions 
were tailored for each participant individually. The interventions are described 
in Table 7. The participants in the intervention group received on average three 
interventions (SD 1.6) during the GeMS project. In addition to the modification 
of medication and other activities optimizing health and well-being, the inter-
vention emphasized physical activity. All the participants in the intervention 
group received annual physical activity counseling by a physiotherapist. They 

Normal 
stance, 

eyes open 

Normal 
stance, 

eyes closed 

Feet together 
stance 

Semitandem 
stance 

*

*

*

* 
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also had an opportunity to participate in supervised balance and strength train-
ing once a week during the years 2004-2006. 182 persons took part in the train-
ing offered by the GeMS project. The side effects related to the supervised 
strength and balance training were not systematically collected; however, ac-
cording to the physiotherapists’ reports, only a few persons discontinued train-
ing due to musculoskeletal problems or decreased motivation.  

TABLE 7 Content of geriatric intervention by multidisciplinary team members and 
number of the participants who received the interventions during the years 
2004-2006. 

 

5.3.1 Effects of the comprehensive geriatric assessment and individualized 
intervention on walking and balance (III) 

Altogether 83% (n=552) of the participants who were able to participate in 
physical performance measurements at the baseline completed the Timed Up & 
Go test at the follow-up measurement at the end of the intervention. The corre-
sponding proportion for walking speed was 75% (n=503), and for the Berg Bal-
ance Scale 85% (n=569). Those who dropped out were more likely to be older 
(83 vs. 80 years, p< 0.001), sedentary (57% vs. 37%, p<0.001), institutionalized 
(10% vs. 2%, p<0.001) and to report poor health (20% vs. 11%, p=0.008) than 
those who completed the measurements. 

 The results of the TUG and walking speed tests, and the Berg Balance 
Scale score over time are presented for the two study groups in Table 8. There 
were no statistically significant differences between the intervention and control 
group at baseline in the Berg Balance Scale score (p=0.069), TUG time (p=0.256), 

Team member and functions n 
Physician specializing in geriatric medicine 
     - optimizing medication 
     - optimizing medical treatment 
     - new diagnoses and referral to specialized care 

 
277  
120  
109  

Trained physiotherapist 
     - physical activity counseling 
     - supervised strength and balance training at gym 

 
356  
182 

Trained nurse 
     - targeted health counseling  
     - arranging services as a case manager 

 
120 
77  

Nutritionist 
      - targeted nutrition intervention 

 
84 

Dentist 
     - clinical examination of oral health  

 
354 

Ophthalmologist 
    - clinical and microscopic examination of eyes/                    
      referral for surgery or specialized care if needed 

 
 
304 
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or walking speed (p=0.867). The changes in mobility between the study groups 
over the 2-year trial, however, were significantly different. The interaction term 
for the TUG test was -0.97 ± 0.26 seconds, suggesting that the difference in the 
change in the time needed to complete the test was 0.97 s in favor of the inter-
vention group. In the control group, the time to complete the TUG worsened 
from the baseline values, whereas the intervention group showed no decline 
during the 2-year trial. In maximal walking speed, the difference in the change 
was 0.05 ± 0.01 m/s in favor of the intervention group. Walking speed im-
proved in the intervention group over the 2-year trial, but decreased in the con-
trol group. The NNT for clinically significant change in walking speed was 6. 
This indicates that to obtain a meaningful change (0.05 m/s) in walking speed 
in one person, 6 persons would have to receive a comprehensive geriatric as-
sessment and individualized intervention. The intervention group showed in-
creases in the Berg Balance score, whereas the control group scores decreased. 
When comparing the changes in balance between the study groups, the differ-
ence was 1.13 ± 0.19 points in favor of the intervention group. (Table 8.)  

The results for the 2-year trial and one-year post-intervention are also 
shown in Table 8. When the one-year follow-up was included in the analyses, 
the differences in the changes in mobility over time between the study groups 
remained significant, although smaller, for both TUG (-0.57 ± 0.23), walking 
speed (0.03 ± 0.01) and balance (0.61 ± 0.13) At follow-up, the participants’ per-
formance in the mobility tests had slightly worsened, although they remained 
better in the intervention group than control group, whose values were approx-
imately stable during the follow-up. (Table 8.) 
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TABLE 8 Means and standard deviation (SD) for the physical performance tests, and 

the linear mixed model estimates for change in mobility over the 2-year in-
tervention (interaction 1) and one-year post-intervention (interaction 2) by 
study group among persons aged 75 years and over.  

 BL 2004 Year 2005 Year 2006 Interaction 1 Year 2007 Interaction 2
 mean±SD mean±SD mean±SD  (SE) 

p-value 
mean±SD  (SE) 

p-value 
Berg Bal-
ance Scale, 
score 

      

Interven-
tion     
group 

 
47.7±9.6 

 
48.1±9.0 

 
48.4±8.6 

 
1.13 (0.19) 

 
47.7±9.7 

 
0.60 (0.13) 

Control 
group 

46.4±10.7 45.2±11.9 45.3±11.3 <0.001 45.3±11.9 <0.001 

Walking 
speed, m/s 

      

Interven-
tion  
group 

 
1.23±0.40 

 
1.29±0.46 

 
1.27±0.47 

 
0.05 (0.01) 

 
1.29±0.49 

 
0.03 (0.01) 

Control 
group 

1.23±0.48 1.22±0.50 1.21±0.51 <0.001 1.20±0.50 <0.001 

Timed Up 
& Go test, s 

      

Interven-
tion  
group 

 
13.9±9.6 

 
13.2±9.0 

 
14.0±10.5 

 
-0.97 (0.26) 

 
14.9±14.1 

 
-0.57 (0.23) 

Control 
group 

14.8±10.3 15.0±9.6 15.9±11.9 <0.001 15.9±15.3 0.014 

BL=Baseline 
SE=Standard error 

5.3.2 Effects of the comprehensive geriatric assessment and individualized 
intervention on perceived mobility (IV) 

All the participants who were studied at every annual follow-up point (Figure 1) 
completed the mobility interview about their ability to walk 400 meters. The 
proportion of participants reporting limitation in walking 400 meters is shown 
in Figure 5. The proportion of participants reporting mobility difficulties in 
walking decreased in the intervention group during the intervention, whereas 
corresponding proportion increased in the control group. The proportions of 
participants with mobility limitation in the intervention group were 16%, 15%, 
12%, and 14% across the 3-year study period, whereas in the control group, the 
corresponding proportions were 19%, 19%, 23%, and 26%. The treatment effect 
was significant after the 2-year intervention (OR 0.82, 95%CI 0.70-0.96) and re-
mained significant at the 1-year-post-intervention follow-up (OR 0.84, 95%CI 
0.75-0.94, Table 9).  

Among the persons followed over the whole study period, about 77% 
(n=262) of those without mobility limitation at baseline remained so in the in-
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tervention group versus 69% (n=211) of those in the control group (p<0.001), 
whereas recovery was reported by 17% (n=11) of those with mobility limitation 
at baseline in the intervention group versus 14% (n=10) in the control group 
(p=0.887). The proportion of those who reported mobility limitation at each 
measurement point over the 3-year study period or who developed new mobili-
ty limitation during the study were 13% (n=42) in the intervention group and 
25% (n=73) in the control group (p<0.001).  At the end of the intervention study, 
the NNT for mobility limitation was 12. In other words, to prevent one person 
from developing mobility limitation or to recover from baseline mobility limita-
tion, 12 persons had to receive the CGA and an individualized intervention.  
 

 

FIGURE 5  Proportion of participants with mobility limitation in the intervention and 
control group at baseline, at the annual follow-up points during the geriatric 
intervention, and at the one-year post-intervention follow-up. Note: p value 
indicates the statistical significance of the treatment effects (group x time in-
teraction) observed in the generalized estimating equation models. 
BL=baseline 

 

TABLE 9 Treatment effects of the comprehensive geriatric assessment and individual-
ized intervention on perceived mobility after the 2-year intervention (2-year 
follow-up) and 1-year post-intervention (3-year follow-up). Odds Ratio (OR) 
represents the extent of the treatment effect (group x time interaction). 

 2-year follow-up  3-year follow-up  
 OR 95% CI p OR 95% CI p 
Difficulties in walk-
ing 400 m inde-
pendently 

 
0.82 

 
0.70-0.96 

 
.013 

 
0.84

 
0.75-0.94 

 
.002 
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5.3.3 Effects of the comprehensive geriatric assessment and individualized 

intervention on mobility among persons with pain (IV) 

Among persons with pain, the proportion of participants reporting mobility 
limitation was 18% in the intervention group and 19 % in the control group 
(p=0.892) at baseline. In control group, the proportion of participants reporting 
mobility limitation gradually increased over the years (22%, 26%, 31%) whereas 
in the intervention group, the proportion of participants reporting mobility lim-
itation decreased during the 2-year intervention (17%, 15%), and slightly in-
creased at the 1-year post-intervention  follow-up point (18%). The treatment 
effect of the intervention on mobility was significant (OR 0.75, 95%CI 0.59-0.96) 
at the end of 2-year intervention among persons with pain. The effect remained 
significant (OR 0.79, 95%CI 0.67-0.93) when the 1-year post-intervention follow-
up was taken into account, while no statistically significant effects (OR 0.86, 
95% CI 0.72-1.03) were observed among pain-free persons (Figure 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

FIGURE 6 Estimated treatment effects of the comprehensive geriatric assessment and 
individualized intervention on mobility after the 2-year intervention and 1-
year post-intervention follow-up. Treatment effects (group x time interaction) 
are expressed as Odds Ratios and their 95 % confidence intervals and 
illustrated by bars. **p<0.01. 

Mobility limitation 
(n=intervention group/ 

n=control group 

0.7 0.8 0.9 1.0 1.10.6 
Intervention better Control better 

Odds Ratio and 95% confidence intervals 

Whole sample 
(315/294)** 

With pain 
(137/128)** 

Without pain 
(177/165) 



  
 

6 DISCUSSION 

The aim of this study was to gain insight into the associations between muscu-
loskeletal pain, mobility and postural balance. Additionally, the effects of a 
comprehensive geriatric assessment and individualized intervention on mobili-
ty in older people, and in persons with musculoskeletal pain were investigated. 

The results supported the view that musculoskeletal pain is common in 
older persons, and compromises their ability to walk and maintain balance, es-
pecially in more challenging mobility tasks. There was a clear association be-
tween musculoskeletal pain, mobility limitation, and impairment in postural 
balance, and the association was accentuated when considering the severity of 
pain. Persons with moderate or severe pain had approximately twice the risk 
for mobility and balance problems than those without pain. The present study 
also showed that the 3-year comprehensive geriatric assessment and individual-
ly targeted interventions had a positive effect on mobility. Specifically, the in-
tervention effect on perceived mobility was significant among persons with 
musculoskeletal pain.  

6.1 Musculoskeletal pain as a determinant of mobility limitation 
and postural balance impairment 

According to the results of this study, musculoskeletal pain was associated with 
mobility limitation and balance impairment among older community-dwelling 
people. The results showed a steep dose-response relationship: the highest risk 
for mobility limitation and balance impairment was observed among persons 
who had severe or moderate pain.  

The present results are in line with the findings by Lamb et al. (2000) and 
Eggermont et al. (2009) both of whom have shown an association between pain 
severity and performance-based mobility limitation. According to Lamb et al. 
(2000), older women with severe knee pain had over twice the risk for mobility 
limitation measured by walking speed and chair rising tests. Similarly, a study 
by Eggermont et al. (2009) showed that severe pain was associated with poor 
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performance in walking speed and chair rising tests. Furthermore, they found 
that the total number of pain sites was even more strongly associated with mo-
bility deficits than pain severity. In the study by Leveille et al. (2007), persons 
with widespread pain did not perform worse in mobility tests than those with-
out pain at baseline, but widespread pain predicted onset or worsening of self-
reported mobility difficulties during the 3 year follow-up. A recent study by 
Shah et al. (2011) extended knowledge about the consequences of pain by show-
ing that musculoskeletal pain also predicted the development of performance-
based mobility disability as well as the perceived problems in mobility tasks. 

There are several possible explanations for the associations, although the 
precise pathway between pain and mobility and balance is not clear. First of all, 
pain may be a marker for an underlying pathology that could contribute to mo-
bility limitation, such as osteoarthritis with deformities. In this study, the asso-
ciations between musculoskeletal pain, mobility limitation, and balance im-
pairment were independent of osteoarthritis and several other chronic condi-
tions. However, we cannot be certain that some unmeasured or undiagnosed 
pathology could be a contributing factor to the observed associations. Severe 
pain may indicate higher severity or longer duration of the underlying patholo-
gy that has resulted in physical activity restriction over years. 

One explanation for mobility and balance problems could lie in the neu-
romuscular effects of pain. These effects may lead to lower extremity muscle 
weakness or slowed neuromuscular responses to an unexpected displacement 
of COP. Muscle weakness could result from lack of physical activity (Rantanen 
& Avela 1997, Rantanen et al. 1999) or as a direct effect of pain on muscle, re-
ferred to as reflex muscle inhibition (Graven-Nielsen et al. 2002). Another factor 
may be gait alterations or adaptations in order to restrict painful movements 
(Henriksen et al. 2010). These changes and adaptations may induce additional 
pain, resulting in further physical activity restriction in the long run (Keefe et al. 
1991, Hurwitz et al. 1997).  

In the present study, the associations between musculoskeletal pain, mo-
bility limitation, and balance impairment were independent of knee extension 
strength. This suggests that the relationship between pain and mobility prob-
lems is at least partly independent of the generally assumed muscle strength 
deficit-related pathway. However, there are a wide range of neuromuscular 
factors, such as leg power, that were not measured and may explain the rela-
tionship observed in this study. For instance, previous studies have suggested 
that, although leg muscle power is related to muscle strength, it has a greater 
influence than strength on mobility tasks of daily living (Bean et al. 2003, Sayers 
et al. 2005). Power is representative not only of limb force production, as is the 
case with leg strength, but also limb speed of movement. Therefore, power 
plays an important role in the maintenance of balance and thus of several mo-
bility tasks (Bean et al. 2003, Mayson et al. 2008). It is possible that high speed 
movements that require leg power are painful for persons with lower limb or 
back pain. Chair rising, for example, requires rapid force production and may 
be more burdensome than regular walking for persons with painful musculo-



56 
 
skeletal conditions in the lower limbs or back (Eggermont et al. 2009). Thus, se-
vere pain may lead to the restriction of movements, or abnormal changes in 
movement patterns. This may lead to a vicious circle where older people affect-
ed by pain reduce their physical activity, thereby accelerating the development 
of further mobility limitation (Guralnik et al. 2001, Visser et al. 2005). For in-
stance, persistent severe pain may indicate higher severity or longer duration of 
the underlying disease, resulting in physical activity restriction over the years. 
Unfortunately, no data on leg power, which would have allowed us to examine 
whether it contributes to the association between pain, balance and mobility, 
were available in the present study. In addition, we did not include data on nu-
tritional status, for example malnutrition or vitamin D deficiency, which may 
also be on the pathway from musculoskeletal pain to mobility and balance 
problems (Janssen et al. 2002, Milaneschi et al. 2010).  

It is possible that the correlation between musculoskeletal pain and ob-
served mobility limitation, measured by the TUG test, was mediated by postur-
al balance. The TUG test requires good postural balance in addition to the other 
physical characteristics needed in standing up, walking, turning around and 
sitting down (Podsiadlo & Richardson 1991). Persons with moderate or severe 
pain showed greater COP displacement and velocity than persons without pain. 
Greater COP movement indicates poorer postural balance (Pajala et al. 2008), as 
does the inability to maintain posture while standing on a narrow base of sup-
port.  

Pain-related interruption of cognitive functions may be one of the im-
portant factors underlying mobility and balance problems. Executive function, 
for example, includes a set of cognitive abilities that are necessary for effective, 
goal-directed actions and for the control of attentional resources (Solberg Nes et 
al. 2009). Compared to younger people, older persons have to allocate a greater 
proportion of their attention to the maintenance of postural balance during 
walking and other mobility tasks (Lundin-Olsson, Nyberg & Gustafson 1997). 
Pain may disturb or in other way interfere with the executive function needed 
to maintain balance and perform mobility tasks (Vancleef & Peters 2006). Recent 
imaging studies have shown that persons with persistent pain exhibit changes 
in both brain structure and function consistent with changes observed through 
neuropsychological testing (Neugebauer et al. 2009, Apkarian et al. 2011). In 
previous studies persons with pain have shown poorer executive function and 
decreased attentional resources compared with healthy controls (Karp et al. 
2006, Weiner et al. 2006). Poor attention has also been associated with gait 
changes and increased risk of falls (Springer et al. 2006, Herman et al. 2010). 
Factors underlying the cognitively mediated pathway between pain, mobility 
and balance problems may be partly mediated though fatigue and mood disor-
ders, which are commonly linked to persistent pain (Kato et al. 2006). 

From the psychological-behavioral point of view, fear of pain, by contrib-
uting to the avoidance of certain movements and activities, might be among the 
predictors of mobility limitation (Leeuw et al. 2007).  Pain-related fear has been 
shown to be associated with decreased walking speed in younger persons with 
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low back pain (Al-Obaidi et al. 2003). Fear of pain may be a result of poor self-
efficacy, a construct that refers to subjects´ beliefs in their personal capacity to 
execute the actions required to satisfy specific situational demands (Bandura 
1977). It has been suggested that reduced self-efficacy is associated with activity 
restriction (Rejeski et al. 2001) and thus mediates the effect of pain on walking 
performance among older people with knee osteoarthritis (Maly et al. 2007). In 
addition, chronic pain and mood disorders, such as depression, often co-exist. 
Previous studies have shown that depressive symptoms are also related to poor 
self-efficacy (Lopez-Lopez et al. 2008), activity restriction (Wilkie et al. 2007), and 
mobility decline (Penninx et al. 1998, Hirvensalo et al. 2007). Thus, the associa-
tions between pain, depression and mobility problems are multifactorial and bi-
directional (Landi et al. 2005, Arola et al. 2010). This suggests that chronic pain 
and depression should be carefully co-managed in order to prevent mobility lim-
itation among older people. Further study is needed in order to deepen under-
standing of the factors on the pathway between pain and mobility problems.  

The fact that the risk of mobility limitation was highest among persons 
with pain, who used analgesics, may reflect inadequate pain control. In addi-
tion, severe pain could be considered a marker of decreased vitality among old-
er people owing to its strong correlation with poor mobility regardless of pain 
medication. It has been reported that almost half of older people who reported 
severe pain were using extremely low doses of analgesics (Pahor et al. 1999), 
and that analgesics were used occasionally rather than on regular basis (Pokela 
et al. 2010). It is possible that analgesics were not properly and appropriately 
used, and also that analgesics may not result in the desired response in some 
chronic diseases underlying the pain, such as severe osteoarthritis. Pharmaco-
logical pain management in older people is challenging as older persons are 
more likely to experience drug-related adverse effects. Ensuring the safe and 
effective pharmacological management of pain requires accurate pain assess-
ment and regular monitoring of adverse events (AGS Panel on Pharmacological 
Management of Persistent Pain in Older Persons 2009).  

In conclusion, pain was associated with mobility limitation and postural 
balance impairment. The association was not fully explained by the pathophys-
iological processes commonly thought to underlie pain, such as diseases and 
decreased muscle strength. It would appear that alleviating pain and develop-
ing multidimensional pain management strategies could potentially interrupt 
the negative effect of pain on mobility and further improve quality of life in 
older people. Thus there is a need for the development of easily adjustable in-
terventions to promote mobility in everyday clinical practice among older peo-
ple. For example, a multifactorial individualized approach, using both pharma-
cological and nonpharmacological methods to reduce pain, could be a key fac-
tor in maximizing mobility and hence quality of life in old age. It is important 
that sufficient attention be paid to comprehensive pain and mobility assess-
ments and to the development of strategies for alleviating pain, particularly in 
older people who are already at increased risk for mobility decline.  
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6.2 Effects of the comprehensive geriatric assessment and  

individualized intervention on mobility 

Mobility is important for independence in old age (Guralnik et al. 2000). A large 
body of evidence supports physical activity and exercise, in the form of re-
sistance strength training, balance and aerobic exercises, as effective means to 
promote mobility and enhance health among older populations (American Col-
lege of Sports Medicine et al. 2009, Manini & Pahor 2009). However, decline in 
mobility is aggravated by the complex interaction of several other factors in ad-
dition to a sedentary lifestyle. Thus, physical activity and exercise may be more 
effective when applied alongside a multifactorial intervention that is custom-
ized according to the personal risk profile. Recent guidelines for preventing 
falls recommend that multifactorial interventions for community-dwelling old-
er people should include an exercise component (Panel on Prevention of Falls in 
Older Persons, American Geriatrics Society and British Geriatrics Society 2011). 
This recommendation should be applied in all multifactorial interventions that 
aim at maintaining mobility and preventing disability in older people. Accord-
ing to the American College of Sport Medicine’s (2009) position statement on 
exercise for older adults, exercise prescription for older frail people is more 
beneficial than any other intervention. It also recommends that resistance 
strength and/or balance training should precede aerobic training for this popu-
lation. In the present study, all the participants in the intervention group re-
ceived physical activity counseling and were offered an exercise program in-
corporating progressive resistance strength and balance training. Other parts of 
the interventions were customized according to personal needs.  

According to the results of the present study, CGA with individualized in-
terventions had positive effects on perceived mobility, and walking and balance. 
Little research has been conducted on the effects of a CGA and individualized 
intervention on physical performance and self-reported mobility among older 
people. A recent study by Melis et al. (2008) showed that it was possible to pre-
vent deterioration of functional abilities in daily activities by a CGA and fairly 
simple home-based individually targeted intervention in vulnerable communi-
ty-dwelling persons. However, the intervention did not improve objectively 
measured physical performance. This may be due to the fact that the interven-
tion did not include physical activity counseling or a supervised training pro-
gram. The positive effect of an intervention on walking and balance in our 
study is consistent with the outcome reported by Shumway-Cook et al. (2007). 
In both of these studies, the participants in the intervention group were given 
an opportunity to participate in supervised group exercise classes as an im-
portant part of a multifactorial intervention. 

Previous studies have demonstrated that improvements in mobility are 
achieved by specific training programs, such as progressive resistance strength 
training (Bean et al. 2004, Portegijs et al. 2008), balance training (Wolf et al. 2001, 
Steadman et al. 2003, Sihvonen et al. 2004), walking (Li et al. 2005, Marsh et al. 
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2006a), and a combination of aerobic, strength, balance, and flexibility exercise 
(Means et al. 2005, LIFE Study Investigators et al. 2006). Physical activity coun-
seling has also been found to have positive effects on perceived mobility among 
older people (Mänty et al. 2009). Our results supported the findings of previous 
multifactorial trials (Gill et al. 2004, Luukinen et al. 2007, Shumway-Cook et al. 
2007) by showing that an individualized intervention program with a specific 
emphasis on physical activity had positive effects on mobility among older 
people with wide range of functional abilities.  

The positive effects of the present comprehensive geriatric intervention 
were evident both in self-reported mobility and objectively measured physical 
performance. These measures are inter-related and there probably are several 
factors that mediate the positive effects of the intervention on them. However, it 
is not possible to determine whether specific parts of the intervention might be 
more effective for mobility than others in a multifactorial approach of this kind. 
Some parts of the intervention may be seen as more proximal for the outcome 
of the study, such as the promotion of physical activity and supervised strength 
and balance training, which are widely recognized as having beneficial effects 
on mobility. On the other hand, factors such as modification of medication or 
nutrition may also have had a positive effect on mobility in some persons. For 
example, special emphasis was placed on the use of calcium/vitamin D sup-
plements (Lampela et al. 2010), which may have had beneficial effects particu-
larly among the participants with pain (Al Faraj & Al Mutairi 2003, Bischoff-
Ferrari et al. 2004). Thus, it seems likely that this individualized intervention 
met the needs of target persons and that its different components interacted 
effectively with respect to maintaining mobility. In addition to its positive ef-
fects on physiological characteristics, such as general health, neuromuscular 
performance, and balance, the intervention may also have had indirect psycho-
logical and social benefits. For example, possible improvements in self-
confidence (McAuley et al. 2000, McAuley et al. 2007, Peduzzi et al. 2007) may 
partly explain the positive effects of the comprehensive intervention on mobili-
ty. These mediating factors clearly merit further investigation. 

After this primary-care-based geriatric intervention, a significant 8% re-
duction in the risk for perceived limitation in walking 400 meters was found 
with a NNT of 12. By comparison, it has been estimated in older community-
dwelling people aged 75 -81 years that to prevent one person from developing 
mobility difficulty or to recover from baseline difficulty, 15 persons would have 
to receive a single physical activity counseling session with supportive tele-
phone contact every 4 months for 2 years (Mänty et al. 2009). In the present 
study, the individually modified intervention included annual physical activity 
counseling for 3 years, and the participants were also offered an opportunity to 
engage in supervised training in a gym.  

We performed ancillary analyses on the effects of the intervention among 
persons with persistent musculoskeletal pain in order to construct hypotheses 
for future studies. The subgroup analysis indicated that the comprehensive ger-
iatric assessment and individualized intervention had a beneficial effect among 
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persons with persistent musculoskeletal pain. No statistically significant effect 
was observed among persons without pain at baseline. It is possible that the 
intervention may have had a specific impact on some factors pertinent to mobil-
ity in persons with pain. Persons with pain are known to be vulnerable to disa-
bility due to a diminished ability to respond effectively to the stress of persis-
tent pain (Karp et al. 2006, Karp et al. 2008). Frail and disabled older adults are 
probably the most likely groups to benefit from comprehensive geriatric as-
sessment and care (Reuben et al. 1995, Rubenstein 2004).  The observations of 
present study suggest that older persons with pain need a comprehensive geri-
atric assessment and individualized interventions to maintain their mobility. 
This intervention did not specifically include pain management strategies, alt-
hough medication was modified and referral for specialized care implemented 
when needed. In addition, counseling for self-care was offered as part of the 
intervention, but the intervention did not involve any specifically designed 
strategies for pain management, such as cognitive behavioral education. Fur-
ther studies are needed to determine what interventions would be effective in 
alleviating pain in older people. The underlying mechanisms need to be consid-
ered in detail in future studies. 

 Overall, the evidence on the effectiveness of a comprehensive geriatric as-
sessment and individually tailored intervention among older persons is highly 
encouraging.  This study suggests that beneficial effects of a comprehensive 
geriatric intervention can also be achieved in everyday clinical practice among 
older persons with wide range of functional abilities.   

6.3 Methodological considerations and limitations 

This study is based on a population-based research project (GeMS) conducted 
over the period 2004-2007. The data gathered for this study project were appro-
priate for investigating the research questions of the present PhD study.  

The experimental design offered an opportunity to study the effects of 
comprehensive geriatric assessment and individualized intervention on mobili-
ty (Studies III and IV). Approximately one sixth of those in the target popula-
tion were randomly assigned to the study, and thus can be considered to consti-
tute a sample large enough to provide good representativeness of the target 
population (Strom 2006).  

For practical reasons, this trial could not take fully into consideration all the 
factors necessary for a traditional randomized controlled trial with highly select-
ed participants and highly controlled conditions. For example, randomization 
was done before the baseline measurements. However, the randomization pro-
cess was successful because the baseline characteristics of the intervention and 
control groups were comparable. It should be noted that this was an “effective-
ness” rather than “efficacy” study. Efficacy trials determine whether an interven-
tion produces the expected results under ideal circumstances whereas effective-
ness trials measure the effects of the intervention in a “real world” setting (God-
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win et al. 2003). The participant in the trial represented the full spectrum of the 
population aged 75 years and over as age was the only eligibility criterion for 
participation in the GeMS. In addition, the intervention differed from an efficacy 
study, which typically is highly fixed (e.g a fixed number of physical training 
sessions in the short term). In this study, the intervention was initiated at differ-
ent time points, and the participants were involved in it (e.g in physical training) 
for varying lengths of time. Interventions shown to be effective in strictly stand-
ardized efficacy studies do not necessarily yield similar effects when delivered on 
a large scale in community settings (Glasgow et al. 2003). Thus, the present study 
offers important knowledge about the effectiveness of a comprehensive interven-
tion among a broadly defined older population where the level of participation 
varies on the basis of real-world conditions. However, explicit description of the 
intervention is challenging in highly individualized comprehensive trials of this 
kind, and makes the reproducibility of the study difficult. The subgroup analyses 
we performed are intended to serve as hypothesis for future studies, and conse-
quently the conclusions are indicative only.  

All in all, it should be emphasized that the CGA and individualized inter-
vention was sustainable, and could easily be adapted to practice in various 
health care settings. Good representativeness of the study samples and a high 
participation rate allow the results to be generalized to the results to the target 
population. Compared to previous CGA programs, the intervention and follow-
up in the present study were considerably longer. The participation rate was 
equal in both study groups, with attrition rates of 17% during the intervention 
and 22% over the entire 3-year study period. Because of their high age, loss of 
participants occurred mainly due to death. In older people, attrition typically is 
not random because those with more disabilities tend to drop out. In general, 
the reason most widely cited for non-participation in physical activity programs 
is poor health (Hirvensalo et al. 1998), and persons with poor physical perfor-
mance also tend to have more negative attitudes towards exercise (Bean et al. 
2007). In addition, persons with pain may have adapted fear-avoidance behav-
ior (Leeuw et al. 2007) and have thus doubts about physical activity as treat-
ment (Thorstensson et al. 2006). 

The concept of musculoskeletal pain integrated information about pain 
presence and duration. It should be noted that the pain assessment was not 
based on a standardized pain questionnaire but included several single ques-
tions commonly used in clinical practice and also in previous studies. The valid-
ity and reliability of single questions concerning whether the respondent is ex-
periencing pain, have not been studied, but as pain is a subjective experience, 
self-report is the starting point for any epidemiological study. Asking older 
people to recall pain experiences can result in an over- or underestimation of 
the true magnitude of this problem. Some older people may not report feeling 
pain because they view pain as a normal part of aging. Furthermore, infor-
mation on clinically important characteristics in relation to mobility, such as 
pain sites and the prevalence of pain according to specific types or causes, was 
unavailable in this study. A single summary assessment of pain severity may 
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have some limitations in older people given that they often have pain in multi-
ple sites and that the impact on mobility may vary according to pain location 
and severity (Eggermont et al. 2009).  

The GeMs project was not specifically designed to address pain issues, 
and thus the geriatric intervention was not specifically targeted at pain man-
agement. Older people who have severe pain also have mobility difficulties, 
and hence all of them were probably not able to participate in the physical per-
formance measurements. Thus the results of the present study may somewhat 
underestimate the effects of pain on mobility and postural balance. However, 
the study design of the GeMS project enabled cross-sectional analyses on topics 
that have not been widely studied. 

In the present study, self-reported ability to walk 400 meters was used as 
an outcome measure in Paper IV to study the effect of the comprehensive geri-
atric assessment and individualized intervention on mobility over the 3-year 
follow-up. Previous studies have reported that self-reported mobility is sensi-
tive to changes in functioning over time (Latham et al. 2008), and that the ability 
to walk 400 meters is an important threshold for classifying mobility limitation 
(Sayers et al. 2004). This is supported by the findings of the present study, 
where the intervention also showed a beneficial effect on objective measures of 
mobility.  

The strengths of this study include a population-based and large dataset 
including a trial with annual assessment of previously validated mobility out-
comes. Identifying and treating the factors underlying mobility limitation, such 
as pain, may be highly beneficial not only for the individual but also for the 
health care system as a whole, given the objective of promoting independent 
living in old age. This study offers important information on pain, mobility, and 
the use of a comprehensive geriatric assessment and management program 
among older people. 

6.4 Implications and future directions 

Pain is highly prevalent among older people, but often remains untreated and 
can cause multiple adverse physical, emotional, psychological and social out-
comes. In seeking to prevent pain-related abnormalities, attention should be 
paid to the early assessment and treatment of pain and related problems in 
primary care. According to this study, musculoskeletal pain is associated with 
poor mobility and impaired postural balance, and thus has a direct effect on 
independent functioning in daily life. Persistent pain may cause fear of pain 
during movement and reduce physical activity, leading to a sedentary life with 
development of further disability. The results of this study together with the 
previous evidence indicate that pain is an important determinant of mobility 
limitation, and identification of mobility problems is needed among high-risk 
persons with persistent pain. The Timed Up & Go test (TUG), and Short Physi-
cal Performance Battery (SPPB), for instance, consist of mobility and balance 
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components and could thus serve as easy-to-use clinical tools to detect those 
who are prone to further development of disability. Not only the use of appro-
priate assessment tools for pain and mobility but also targeted treatment and 
rehabilitation with regular follow-up are at great importance. Thus, an individ-
ualized management plan should be prepared, implemented and periodically 
reviewed among older people with pain and at risk for mobility limitation.   

Based upon the subgroup analyses, it is reasonable to suggest that the use 
of a comprehensive assessment and individualized intervention may slow mo-
bility decline, particularly among vulnerable persons such as persons with pain. 
Further randomized controlled trials are needed to ensure that comprehensive 
geriatric programs are likely to succeed among persons with pain. In addition, 
it would be important to study whether comprehensive geriatric intervention 
have effects on pain. Even a small alleviation of pain may delay mobility prob-
lems. Thus, finding an appropriate pain management strategy as part of a com-
prehensive health care program should be one of the priorities where the objec-
tive is to promote the mobility and well-being of older persons with pain. Fur-
ther studies are needed to clarify the mechanisms between pain and mobility 
and balance impairments. This knowledge would be important for planning 
effective interventions to prevent mobility and balance decline and for develop-
ing appropriate pain management strategies among older people. In the future, 
it would also be interesting to study whether pain is a direct cause of mobility 
limitation and, in particular, balance impairment. This should be addressed in 
prospective follow-up studies with multiple controlled factors.  

The evidence of the efficacy of geriatric interventions, which include physi-
cal activity and other individually tailored components, on mobility is highly 
encouraging. The design and delivery of effective health care for older people are 
issues of increasing importance in the western countries, where the number of 
persons suffering from pain and mobility decline is expected to increase. Current 
health assessment and rehabilitation approaches aiming at promoting mobility 
may be inadequate, and should be reviewed. Ideally, approaches to the promo-
tion of mobility will include a comprehensive geriatric assessment and appropri-
ate, individually tailored, interventions. The present study indicates that a com-
prehensive geriatric assessment and an individualized intervention that heavily 
emphasizes physical activity are effective means to delay mobility limitation 
among older people. In particular, comprehensive geriatric assessments and in-
dividualized care should be targeted at groups that are most at risk for develop-
ing disability, such as persons with pain or other health problems. 

A comprehensive intervention requires multidisciplinary team coopera-
tion and awareness of the wide range of risk factors for disability in old age. 
This may be challenging in today’s health care context, where lack of resources 
is often a reality in health centers (Tinetti et al. 2006). Thus, the viability of in-
troducing a comprehensive geriatric intervention into everyday primary prac-
tice merits further study. In addition, future studies should evaluate the cost 
effectiveness of comprehensive geriatric assessments and multifactorial pro-
grams.  



  
 

7 MAIN FINDINGS AND CONCLUSIONS 

The main findings and conclusions can be summarized as follows: 
 
1. Moderate to severe musculoskeletal pain was associated with mobility 

limitation in a general population of community-dwelling persons 
aged 75 years and older. It is possible that pain is a marker of an un-
derlying pathology that will contribute to independent walking and 
other mobility tasks. However, when adjusted for several of these po-
tentially confounding factors, moderate and severe pain remained a 
strong independent risk factor for mobility limitation. 
 

2. One of the most important factors underlying the association between 
pain and mobility limitation seems to be poor postural balance. Mod-
erate to severe pain was independently associated with impaired pos-
tural balance. More specifically, persons with moderate to severe pain 
showed increased sway on a force platform, and were at greater risk 
for impaired balance in standing on narrow base of support.  
 

3. An annual comprehensive geriatric assessment with a highly individu-
alized intervention that promoted physical activity improved walking 
speed and balance and maintained performance in the Timed Up & Go 
test.  

 
4. The geriatric intervention had a positive effect on perceived mobility in 

older people. The positive effect of the intervention on mobility was 
strong particularly among persons with musculoskeletal pain. These 
results suggest that a comprehensive geriatric assessment and individ-
ualized intervention may offer an effective means to promote mobility, 
which is highly important for maintaining independence in the com-
munity. 
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YHTEENVETO (FINNISH SUMMARY) 

Iäkkäiden henkilöiden kipujen yhteys liikkumiskykyyn ja tasapainon hal-
lintaan sekä laaja-alaisen geriatrisen intervention vaikutukset liikkumisky-
kyyn 
 
Itsenäinen liikkumiskyky on jokapäiväisistä toiminnoista suoriutumisen perus-
edellytys. Käveleminen ja asennosta toiseen siirtyminen edellyttävät tasapainon 
hallintaa, joka ikääntyessä heikentyy pystyasennon säätelyyn osallistuvissa 
elinjärjestelmissä tapahtuvien muutosten ja sairauksien seurauksena. Myös ki-
pu voi vaikuttaa liikkumisessa tarvittavien elinjärjestelmien toimintaan ja johtaa 
liikkumiskyvyn ongelmiin. Erityisesti tuki- ja liikuntaelimistön kivut ovat ylei-
siä iäkkäillä ihmisillä. Kotona asuvista jopa puolet ja laitoshoidossa olevista 
henkilöistä jopa 80 % kärsii pitkäaikaisista kivuista. Kipujen taustalla ovat mo-
net iän myötä yleistyvät sairaudet sekä erilaiset psykososiaaliset tekijät. Hoita-
maton kipu aiheuttaa kärsimystä, heikentää kognitiivista ja fyysistä toiminta-
kykyä, huonontaa elämänlaatua sekä lisää terveyspalvelujen käyttöä ja kustan-
nuksia. Kipua saatetaan virheellisesti pitää vanhenemiseen kuuluvana ilmiönä, 
eikä kivun ja sen seurausten arviointiin ja hoitoon ole panostettu tarpeeksi. 
Myös aikaisempi tutkimustieto on puutteellista erityisesti iäkkäiden henkilöi-
den kivun ja liikkumiskyvyn sekä tasapainon hallinnan välisten yhteyksien ja 
niitä selittävien tekijöiden selvittämisessä.  

Pitkittäistutkimukset ja satunnaistetut kontrolloidut kokeet ovat osoitta-
neet, että progressiivisella ja säännöllisellä liikuntaharjoittelulla voidaan ylläpi-
tää ja parantaa iäkkäiden henkilöiden liikkumiskykyä. Liikkumiskyvyn heiken-
tymiseen, kipuihin ja moniin muihin iäkkäiden kohtaamiin terveysongelmiin 
vaikuttavat kuitenkin useat eri tekijät, ja siksi tarvitaan kokonaisvaltaisempaa 
terveyden arviointia ja monitekijäisiä interventioita. Esimerkiksi laaja-alaisen 
geriatrisen arvioinnin ja sen perusteella yksilöllisesti kohdennettujen interven-
tioiden vaikuttavuudesta liikkumiskykyyn tiedetään vasta hyvin vähän. 

Tämän tutkimuksen tarkoituksena oli selvittää kivun yhteyttä liikkumis-
kykyyn ja tasapainon hallintaan. Lisäksi tutkittiin laaja-alaisen geriatrisen arvi-
oinnin ja yksilöllisesti kohdennetun intervention vaikutuksia iäkkäiden henki-
löiden liikkumiskykyyn. Tutkimuksessa hyödynnettiin Hyvän Hoidon Strategia 
– tutkimuksen aineistoa. Alkumittauksiin osallistui 781 kotona tai laitoksessa 
asuvaa 75-vuotiasta tai iäkkäämpää henkilöä, jotka oli satunnaistettu koe- ja 
kontrolliryhmiin. Koeryhmäläiset osallistuivat vuosittain laaja-alaiseen geriatri-
seen arviointiin ja saivat yksilöllisiä tarpeita vastaavia interventioita, liikunta-
neuvontaa sekä mahdollisuuden osallistua ohjattuun tasapaino- ja lihasvoima-
harjoitteluun vuosina 2004–2006. Tutkittavien henkilöiden liikkumiskyvyssä 
tapahtuvia muutoksia seurattiin vuosittain intervention ajan ja vuosi sen päät-
tymisen jälkeen. Alaryhmäanalyysein selvitettiin intervention vaikutuksia ki-
vuista kärsivien henkilöiden liikkumiskykyyn. Kotona asuvien henkilöiden al-
kumittausaineistoa käytettiin kivun, liikkumiskyvyn ja tasapainon hallinnan 
yhteyttä selvittäviin poikkileikkausanalyyseihin. 
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Tutkimuksen tulokset osoittavat, että tuki- ja liikuntaelimistön kipu on yh-
teydessä rajoittuneeseen liikkumiskykyyn ja heikentyneeseen tasapainon hallin-
taan. Yhteys oli riippumaton lukuisista liikkumiskyvyn ongelmien riskitekijöis-
tä kuten iästä, pitkäaikaissairauksista, fyysisestä aktiivisuudesta ja alaraajojen 
lihasvoimasta. Tutkimuksessa havaittiin, että liikkumiskyvyn rajoittuminen oli 
todennäköisintä henkilöillä, joilla oli kipuja mutta myös lääkitys niihin. Pitkäai-
kaisia tuki- ja liikuntaelinkipuja raportoi 40 % tutkittavista, ja heistä kaksi kol-
mesta käytti kipulääkkeitä. Henkilöillä, jotka kokivat vähintään kohtalaisen 
voimakasta kipua, oli yli kaksinkertainen rajoittuneen liikkumiskyvyn ja heikon 
tasapainon hallinnan riski verrattuna kivuttomiin henkilöihin.  

Kokeellinen tutkimus osoitti, että laaja-alaisella geriatrisella arvioinnilla ja 
yksilöllisesti kohdennetuilla interventioilla voidaan ylläpitää iäkkäiden henki-
löiden liikkumiskykyä. Geriatrinen interventio ehkäisi koettujen kävelyvaike-
uksien kehittymistä kolmen vuoden aikana. Interventio paransi myös objektii-
visesti mitattua liikkumiskykyä: myönteiset vaikutukset ilmenivät kävelyno-
peudessa, dynaamisessa tasapainon hallinnassa sekä tuolista siirtymistä, käve-
lyä ja kääntymistä mittaavassa Timed Up & Go-testissä. Laaja-alaisen geriatri-
sen arvioinnin ja intervention vaikutukset havaittiin selkeimmin henkilöillä, 
jotka raportoivat kipua alkumittauksissa. 

Yhteenvetona voidaan todeta, että iäkkäiden henkilöiden tuki- ja liikunta-
elimistöön kohdistuvat kivut ovat yhteydessä rajoittuneeseen liikkumiskykyyn 
ja tasapainon hallinnan vaikeuksiin. Lisäksi havaittiin, että laaja-alaisella geriat-
risella interventiolla ja yksilöllisesti kohdennetulla interventiolla voidaan ylläpi-
tää liikkumiskykyä. Laaja-alaisella geriatrisella arvioinnilla, yksilöllisellä hoi-
dolla ja kuntoutuksella sekä säännöllisellä seurannalla saattaakin olla myöntei-
siä vaikutuksia paitsi iäkkäiden henkilöiden liikkumiskykyyn myös itsenäiseen 
selviytymiseen ja kotona asumisen mahdollistumiseen. Erityisen tärkeää on-
gelmien oikea-aikainen tunnistaminen ja niihin puuttuminen on henkilöille, 
joiden liikkumiskyky uhkaa heikentyä esimerkiksi kipujen takia. Jatkossa tarvi-
taan seurantatutkimuksia kivun ja liikkumiskyvyn sekä tasapainon hallinnan 
ongelmien kehittymisen yhteyksistä ja yhdistävistä mekanismeista. Tarpeellista 
on myös selvittää geriatrisen intervention vaikutuksia kipuun ja itsenäiseen 
selviytymiseen jokapäiväisistä toiminnoista. Lisäksi on tärkeää tutkia laaja-
alaisen geriatrisen arvioinnin ja yksilöllisesti kohdennettujen interventioiden 
soveltamismahdollisuuksia perusterveydenhuollossa sekä kustannustehok-
kuutta. 
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measured functional capacity among women 
and men in two age groups in metal industry. 
131 p. Tiivistelmä 2 p. 1990.

26 HOLOPAINEN, SINIKKA, Koululaisten liikunta-
taidot. - The motor skills of schoolboys and 
girls. 217 p. Summary 6 p. 1990.

27 NUMMINEN, PIRKKO, The role of imagery in 
physical education. 131 p. Tiivistelmä 10 p. 
1991.

28 TALVITIE, ULLA, Aktiivisuuden ja omatoimi-
vuuden kehittäminen fysioterapian 
tavoitteena. Kehittävän työntutkimuksen 
sovellus lääkintävoimistelijan työhön. - The 
development of activity and self-motivation 
as the aim of physiotherapy. The application 
of developmental work research in physio-
therapy. 212 p. Summary 8 p. 1991.

29 KAHILA, SINIKKA, Opetusmenetelmän 
merkitys prososiaalisessa oppimisessa - 
auttamiskäyttäytymisen edistäminen

1 KIRJONEN, JUHANI, On the description of a 
 human movement and its psychophysical 

correlates under psychomotor loads. 48 p. 
1971.

 2 KIRJONEN, JUHANI JA RUSKO, HEIKKI, Liikkeen 
kinemaattisista ominaispiirteistä, niiden 
psykofyysisistä selitysyhteyksistä ja näiden 
muutoksista psykomotorisen kuormituksen 
ja kestävyysharjoittelun vaikutuksesta. - On 
the kinematic characteristics and psycho-
physical correlates of a human movement 
and their changes during psychomotor load-
ing and endurace conditioning. 156 p. 1971.

 3 SARVIHARJU, PEKKA J., Effects of psycho-physi-
cal loading and progressive endurance condi-
tioning on selected biochemical correlates of 
adaptive responses in man. 95 p. 1973.

 4 KIVIAHO, PEKKA, Sport organizations and the 
structure of society. 54 p. 1973.

 5 KOMI, PAAVO V., NELSON, RICHARD C. AND PULLI, 
MATTI, Biomechanics of skijumping. 53 p. 
1974.

 6 Meteli, Työolot, terveys ja liikuntakäyttäyty-
minen metallitehtaissa. Kartoittavan kyselyn 
aineistot ja toteuttaminen. 178 p. 1974.

 7 TIAINEN, JORMA M., Increasing physical educa-
tion students’ creative thinking. 53 p. 1976.

 8 RUSKO, HEIKKI, Physical performance charac-
teristics in Finnish athletes. 40 p. 1976.

 9 KIISKINEN, ANJA, Adaptation of connective 
tissues to physical training in young mice. 
43 p. 1976.

10 VUOLLE, PAULI, Urheilu elämänsisältönä. Me-
nestyneiden urheilijoiden elämänura kilpai-
luvuosina - Top sport as content of life. 227 p. 
1977.

11 SUOMINEN, HARRI, Effects of physical training 
in middle-aged and elderly people with 
special regard to skeletal muscle, connective 
tissue, and functional aging. 40 p. 1978.

12 VIITASALO, JUKKA, Neuromuscular perform-

special reference to muscle structure and 
fatigue. 59 p. 1980.

13 LUHTANEN, PEKKA, On the mechanics of hu-
man movement with special reference to 
walking, running and jumping. 58 p. 1980.

14 LAAKSO, LAURI, Lapsuuden ja nuoruuden 
kasvuympäristö aikuisiän liikuntaharrastus-
ten selittäjänä: retrospektiivinen tutkimus. 
- Socialization environment in childhood and 
youth as determinant of adult-age sport in-
volvement: a retrospective study. 295 p. 1981.

15 BOSCO, CARMELO, Stretch-schortening cycle 
inskeletal muscle function with special refer-
ence to elastic energy and potentiation of 
myoelectrical activity. 64 p. 1982.

16 OLIN, KALEVI, Päätöksentekijöiden viiteryhmät 
kaupunkien liikuntapolitiikassa. - Reference 
groups of decision-makers in the sport  
politics of cities. 155 p. 1982. 
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  yhteistyöskentelyn avulla koululiikunnassa. 
- The role of teaching method in prosocial 
learning - developing helping behavior by 
means of the cooperative teaching method 
in physical education. 132 p. Summary 2 p. 
1993.

30 LIIMATAINEN-LAMBERG, ANNA-ESTER, Changes 
in student smoking habits at the vocational 
institutions and senior secondary schools and 
health education. 195 p. Yhteenveto 5 p. 1993.

31 KESKINEN, KARI LASSE, Stroking characteristics 
of front crawl swimming. 77 p. Yhteenveto 2 
p. 1993.

32 RANTANEN, TAINA, Maximal isometric strength 
in older adults. Cross-national comparisons, 
background factors and association with 
mobility. 87 p. Yhteenveto 4 p. 1994.

33 LUSA, SIRPA, Job demands and assessment of 

 91 p. Yhteenveto 4 p. 1994.
34 CHENG, SULIN, Bone mineral density and 

quality in older people. A study in relation 
to  exercise and fracture occurrence, and the 
assessment of mechanical properties. 81 p. 
Tiivistelmä 1 p. 1994.

35 KOSKI, PASI, Liikuntaseura toimintaympäris-
tössään. - Sports club in its organizational 
environment. 220 p. Summary 6 p. 1994.

36 JUPPI, JOEL, Suomen julkinen liikuntapolitiikka 
valtionhallinnon näkökulmasta vuosina 1917-
1994. - Public sport policy in Finland from the 
viewpoint of state administration in 1917-
1994. 358 p. Summary 7 p. 1995.

37 KYRÖLÄINEN, HEIKKI, Neuromuscular perfor-
mance among power- and endurance-trained 
athletes. 82 p. Tiivistelmä 3 p. 1995.

38 NYANDINDI, URSULINE S., Evaluation of a school 
oral health education programme in Tanza-
nia: An ecological perspective. 88 p. Tiivistel-
mä 2 p. 1995.

39 HEIKINARO-JOHANSSON, PILVIKKI, Including stu-
dents with special needs in physical educati-
on. 81 p. Yhteenveto 4 p. 1995.

40 SARLIN, EEVA-LIISA, Minäkokemuksen merki-
-

cance of self perception in the motivational 
orientation of physical education. 157 p. 
Summary 4 p. 1995.

41 LINTUNEN, TARU
exercise in early adolescence: a four-year 
follow-up study. 87 p. Yhteenveto 5 p.1995.

42 SIPILÄ, SARIANNA, Physical training and ske-
letal muscle in elderly women. A study of 

-
tics and isometric strength. 62 p. Tiivistelmä 3  
p. 1996.

43 ILMANEN, KALERVO, Kunnat liikkeellä. Kunnal-
linen liikuntahallinto suomalaisen yhteiskun-
nan muutoksessa 1919-1994. - Municipalities 
in motion. Municipal sport administration in 
the changing Finnish society 1919-1994. 

 285 p. Summary 3 p. 1996.

44 NUMMELA, ARI, A new laboratory test method 
for estimating anaerobic performance cha-
racteristics with special reference to sprint 
running. 80 p. Yhteenveto 4 p. 1996.

45 VARSTALA, VÄINÖ, Opettajan toiminta ja oppi-
laiden liikunta-aktiivisuus koulun liikunta-
tunnilla. - Teacher behaviour and students’ 
motor engagement time in school physical 
education classes. 138 p. Summary 4 p. 1996.

46 POSKIPARTA, MARITA, Terveysneuvonta, oppi-
maan oppimista. Videotallenteet hoitajien ter-
veysneuvonnan ilmentäjinä ja vuoro-vaiku-
tustaitojen kehittämismenetelmänä. - Health 
counselling, learning to learn. Video-tapes 
expressing and developing nurses´ communi-
cation skills. 159 p. Summary 6 p. 1997.

47 SIMONEN, RIITTA, Determinants of adult 
psychomotor speed. A study of monozygotic 
twins. - Psykomotorisen nopeuden determi-
nantit identtisillä kaksosilla. 49 p. Yhteenveto 
2 p. 1997.

48 NEVALA-PURANEN, NINA, Physical work and 
ergonomics in dairy farming. Effects of occu-
pationally oriented medical rehabilitaton and 
environmental measures. 80 p. (132 p.) 1997.

49 HEINONEN, ARI, Exercise as an Osteogenic 
Stimulus. 69 p. (160 p.) Tiivistelmä 1 p. 1997.

50 VUOLLE, PAULI (Ed.) Sport in social context by 
Kalevi Heinilä. Commemorative book in Ho-
nour of Professor Kalevi Heinilä. 200 p. 1997.

51 TUOMI, JOUNI, Suomalainen hoitotiedekes-
kustelu. - The genesis of nursing and caring 
science in Finland. 218 p. Summary 7 p. 1997.

52 TOLVANEN, KAIJA, Terveyttä edistävän organi-
saation kehittäminen oppivaksi organisaati-
oksi. Kehitysnäytökset ja kehittämistehtävät 
terveyskeskuksen muutoksen virittäjänä. - 
Application of a learning organisation model 
to improve services in a community health 
centre. Development examples and develop-
ment tasks are the key to converting a health 
care. 197 p. Summary 3 p. 1998.

53 OKSA, JUHA, Cooling and neuromuscular per-
formance in man. 61 p. (121 p.) Yhteenveto 2 
p. 1998.

54 GIBBONS, LAURA, Back function testing and 
paraspinal muscle magnetic resonance image 
parameters: their associations and determi-
nants. A study on male, monozygotic twins. 
67 p (128 p.) Yhteenveto 1p. 1998.

55 NIEMINEN, PIPSA, Four dances subcultures. A 
study of non-professional dancers´ sociali-
zation, participation motives, attitudes and 
stereotypes. - Neljä tanssin alakulttuuria. Tut-
kimus tanssinharrastajien tanssiin sosiaalistu-
misesta, osallistumismotiiveista, asenteista ja 
stereotypioista. 165 p. Yhteenveto 4 p. 1998.

56 LAUKKANEN, PIA, Iäkkäiden henkilöiden sel-
viytyminen päivittäisistä toiminnoista. - Car-
rying out the activities of daily living among 
elderly people. 130 p. (189 p.). Summary 3 p. 
1998.
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57 AVELA, JANNE
man. Interaction between load, fatigue and 
muscle stiffness. 87 p. Yhteenveto 3 p. 1998.

58 SUOMI, KIMMO, Liikunnan yhteissuunnittelu-
metodi. Metodin toimivuuden arviointi 
Jyväskylän Huhtasuon lähiössä. - Collabo-
rative planning method of sports culture. 
Evaluation of the method in the Huhtasuo 
suburb of the city of Jyväskylä. 190 p.  
Summary 8 p. 1998.

59 PÖTSÖNEN, RIIKKA, Naiseksi, mieheksi, tietoi-
seksi. Koululaisten seksuaalinen kokenei-
suus, HIV/AIDS-tiedot, -asenteet ja tiedon-
lähteet. - Growing as a woman, growing as 
a man, growing as a conscious citizen. 93 p. 
(171 p.). Summary 3 p. 1998.

60 HÄKKINEN, ARJA, Resistance training in pa-

diseases. Special reference to neuromuscular 
function, bone mineral density and disease 
activity. - Dynaamisen voimaharjoittelun vai-
kutukset nivelreumaa sairastavien potilaiden 
lihasvoimaan, luutiheyteen ja taudin aktiivi-
suuteen. 62 p. (119 p.) Yhteenveto 1 p. 1999.

61 TYNJÄLÄ, JORMA, Sleep habits, perceived sleep 
quality and tiredness among adolescents. 
A health behavioural approach. - Nuorten 
nukkumistottumukset, koettu unen laatu ja 
väsyneisyys. 104 p. (167 p.) Yhteenveto 3 p. 
1999.

62 PÖNKKÖ, ANNELI, Vanhemmat ja lastentarhan- 
opettajat päiväkotilasten minäkäsityksen 
tukena. - Parents´ and teachers´ role in self-
perception of children in kindergartens. 138 
p. Summary 4 p. 1999.

63 PAAVOLAINEN, LEENA, Neuromuscular charac-
teristics and muscle power as determinants of 
running performance in endurance athletes 
with special reference to explosive-strength 
training. - Hermolihasjärjestelmän toiminta-
kapasiteetti kestävyyssuorituskykyä rajoitta-
vana tekijänä. 88 p. (138 p.) Yhteenveto 4 p. 
1999.

64 VIRTANEN, PAULA, Effects of physical activity 
and experimental diabetes on carbonic  an-
hydrace III and markers of collagen synthesis 
in skeletal muscle and serum.  77 p. (123 p.) 
Yhteenveto 2 p. 1999.

65 KEPLER, KAILI, Nuorten koettu terveys,
 terveyskäyttäytyminen ja sosiaalistumis-

ympäristö Virossa. - Adolescents’ perceived 
health, health behaviour and socialisation 
enviroment in Estonia. - Eesti noorte tervis, 
tervisekäitumine ja sotsiaalne keskkond. 203 
p. Summary 4p. Kokkuvõte 4 p. 1999.

66 SUNI, JAANA
for middle-aged adults with emphasis on 
musculoskeletal and motor tests. 96 p. (165 
p.) Yhteenveto 2 p. 2000.

67 SYRJÄ, PASI, Performance-related emotions in 
highly skilled soccer players. A longitudinal 
study based on the IZOF model. 158 p.  
Summary 3 p. 2000.

68 VÄLIMAA, RAILI, Nuorten koettu terveys 
kyselyaineistojen ja ryhmähaastattelujen 
valossa. - Adolescents’ perceived health 
based on surveys and focus group 
discussions. 208 p. Summary 4 p. 2000.

69 KETTUNEN, JYRKI, Physical loading and 

study among male former elite athletes. - 
Fyysisen kuormituksen yhteydet alaraajojen 
toimintaan ja löydöksiin entisillä huippu-
urhelijamiehil-lä. 68 p. (108 p.) Yhteenveto 2 
p. 2000.

70 HORITA, TOMOKI, Stiffness regulation during 
stretch-shortening cycle exercise. 82 p. (170 
p.) 2000.

71 HELIN, SATU, Iäkkäiden henkilöiden  toiminta-
kyvyn heikkeneminen ja sen kompensaatio-
prosessi. - Functional decline and the process 
of compensation in elderly people. 226 p. 
Summary 10 p. 2000.

72 KUUKKANEN, TIINA, Therapeutic exercise 
programs and subjects with low back pain. 

 A controlled study of changes in function, 
activity and participation. 92 p. (154 p.) 
Tiivistelmä 2 p. 2000.

73 VIRMAVIRTA, MIKKO, Limiting factors in ski 
jumping take-off. 64 p. (124 p.) Yhteenveto 2 
p. 2000.

74 PELTOKALLIO, LIISA, Nyt olisi pysähtymisen 
paikka.  Fysioterapian opettajien työhön 
liittyviä kokemuksia terveysalan 
ammatillisessa koulutuksessa.  - Now 
it’s time to stop. Physiotherapy teachers’ 
work experiences in vocational health care 
education. 162 p. Summary 5 p. 2001. 

75 KETTUNEN, TARJA, Neuvontakeskustelu. 
Tutkimus potilaan osallistumisesta ja sen 
tukemisesta sairaalan terveysneuvonnassa.  

 - Health counseling conversation. A study 
 of patient participation and its support by 

nurses during hospital counseling. 123 p.  
(222 p.) Summary 6 p. 2001.

76 PULLINEN, TEEMU, Sympathoadrenal response 
to resistance exercise in men, women and 
pubescent boys. With special reference 
to  interaction with other hormones and 
neuromuscular performance. 76 p. (141 p.)

 Yhteenveto 2 p. 2001. 
77 BLOMQVIST, MINNA, Game understanding 
 and game performance in badminton. 

Development and validation of assessment 
instruments and their application to games 
teaching and coaching. 83 p. Yhteenveto 

 5 p. 2001.
78 FINNI, TAIJA, Muscle mechanics during human 

movement revealed by in vivo measurements 
of tendon force and muscle length. 83 p. (161 
p.) Yhteenveto 3 p. 2001.

79 KARIMÄKI, ARI, Sosiaalisten vaikutusten 
arviointi liikuntarakentamisessa. Esimerkkinä 
Äänekosken uimahalli. - Social impact 
assessment method in sports planning. - The 
case of Äänekoski leisure pool. 194 p. 2001. 
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80 PELTONEN, JUHA, Effects of oxygen fraction in 
inspired air on cardiorespiratory responses 
and exercise performance. 86 p. (126 p.) 
Yhteenveto 2 p. 2002.

81 HEINILÄ, LIISA, Analysis of interaction processes 
in physical education. Development of an 
observation instrument, its application to 
teacher training and program evaluation. 406 
p. Yhteenveto 11 p. 2002.

82 LINNAMO, VESA, Motor unit activation 
and force production during eccentric, 
concentric and isometric actions. - Motoristen 
yksiköiden aktivointi ja lihasten voimantuotto 
eksentrisessä, konsentrisessa ja isometrisessä 
lihastyössä. 77 p. (150 p.) Yhteenveto 2 p. 2002.

83 PERTTUNEN, JARMO, Foot loading in normal 
 and pathological walking.  86 p. (213 p.) 

Yhteenveto 2 p. 2002.
84 LEINONEN, RAIJA, Self-rated health in old age. 
 A follow-up study of changes and determ-

inants. 65 p. (122 p.) Yhteenveto 2 p. 2002.
85 GRETSCHEL, ANU, Kunta nuorten osallisuus-

ympäristönä. Nuorten ryhmän ja kunnan 
vuorovaikutussuhteen tarkastelu kolmen 
liikuntarakentamisprojektin laadunarvioinnin 
keinoin. - The municipality as an involve-
ment environment - an examination of the 
interactive relationship between youth 
groups and municipalities through the 
quality assessment of three sports facilities 
construction projects. 236 p. Summary 11 p.

 2002.
86 PÖYHÖNEN, TAPANI, Neuromuscular function 

during knee exercises in water. With special 
reference to hydrodynamics and therapy. 77 p. 
(124 p.) Yhteenveto 2 p. 2002.

87 HIRVENSALO, MIRJA, Liikuntaharrastus iäkkäänä. 
Yhteys kuolleisuuteen ja avuntarpeeseen 
sekä terveydenhuolto liikunnan edistäjänä. - 

public health and promotion strategies. 106 p. 
(196 p.) Summary 4 p. 2002.

88 KONTULAINEN, SAIJA, Training, detraining and 
bone - Effect of exercise on bone mass and 
structure with special reference to maintenance 
of exercise induced bone gain.

 70 p. (117 p.) Yhteenveto 2 p. 2002.
89 PITKÄNEN, HANNU, Amino acid metabolism 

in athletes and non-athletes. - With Special 
reference to amino acid concentrations and 
protein balance in exercise, training and aging. 
78 p. (167 p.) Yhteenveto 3 p. 2002.

90 LIIMATAINEN, LEENA, Kokemuksellisen 
oppimisen kautta kohti terveyden edis-
tämisen asiantuntijuutta. Hoitotyön am-
mattikorkeakouluopiskelijoiden terveyden 
edistämisen oppiminen hoitotyön har-
joittelussa.- Towards health promotion 
expertise through experiential learning. 
Student nurses’ health promotion learning 
during clinical practice. 93 p. (164 p.) Summary 

 4 p. 2002. 

91 STÅHL, TIMO, Liikunnan toimintapolitiikan 
arviointia terveyden edistämisen kontekstissa. 
Sosiaalisen tuen, fyysisen ympäristön ja 
poliittisen ympäristön yhteys liikunta-
aktiivisuuteen. - Evaluation of the Finnish 
sport policy in the context of health 
promotion. Relationships between social 
support, physical environment, policy 
environment and physical activity 102 p. (152 
p.) Summary 3 p. 2003.

92 OGISO, KAZUYUKI
during Exercise and Fatigue. 88 p. (170 p.)  
Yhteenveto 1 p. 2003. 

93 RAUHASALO, ANNELI, Hoitoaika lyhenee – koti 
kutsuu. Lyhythoitoinen kirurginen toiminta 
vanhusten itsensä kokemana. - Care-time 
shortens – home beckons. Short term surgical 
procedures as experienced by elderly patients. 
194 p. Summary 12 p. 2003.

94 PALOMÄKI, SIRKKA-LIISA, Suhde vanhenemiseen. 
Iäkkäät naiset elämänsä kertojina ja raken-
tajina. - Relation to aging. Elderly women as 
narrators and constructors of their lives. 

 143 p. Summary 6 p. 2004.
95 SALMIKANGAS, ANNA-KATRIINA, Nakertamisesta 

hanketoimintaan. Tapaustutkimus Nakertaja-
Hetteenmäen asuinalueen kehittämistoimin-
nasta ja liikunnan osuudesta yhteissuun-
nittelussa. - From togetherness to project 
activity. A case study on the development 
of a neighbourhood in Kainuu and the role 
of physical activity in joint planning. 269 p. 
Summary 8 p. 2004.

96 YLÖNEN, MAARIT E., Sanaton dialogi. Tanssi 
ruumiillisena tietona. - Dialogue without 
words. Dance as bodily knowledge. 45 p. 

 (135 p.) Summary 5 p. 2004.
97 TUMMAVUORI, MARGAREETTA, Long-term effects 

of physical training on cardiac function and 
structure in adolescent cross-country skiers. 

 A  6.5-year longitudinal echocardiographic 
study. 151 p. Summary 1 p. 2004.

98 SIROLA, KIRSI, Porilaisten yhdeksäsluokkalaisten 
ja kasvattajien käsityksiä nuorten alkoholin-
käytöstä ja alkoholinkäytön ehkäisystä. - 
Views of ninth graders, educators and parents 
in Pori, Finland on adolescent alcohol use and 
on preventing alcohol use. 189 p. Summary 

 3 p. 2004.
99 LAMPINEN, PÄIVI, Fyysinen aktiivisuus, 

harrastustoiminta ja liikkumiskyky 
iäkkäiden ihmisten psyykkisen hyvinvoinnin 
ennustajina. 65–84-vuotiaiden jyväskyläläisten 
8-vuotisseuruu-tutkimus.  - Activity and 
mobility as associates and predictors of mental 
well-being among older adults. 94 p. (165 p.) 
Summary 2 p. 2004.

100 RANTA, SARI, Vanhenemismuutosten 
eteneminen. 75-vuotiaiden henkilöiden 
antropometristen ominaisuuksien, fyysisen 
toimintakyvyn ja kognitiivisen kyvykkyyden 
muutokset viiden ja kymmenen vuoden 
seuranta-aikana. - The progress of aging 
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processes. A 5- and 10-year follow-up study of 
the changes in anthropometrical characteristics 
and physical and cognitive capacities  among 
75-year-old persons. 186 p. Summary 2 p. 2004.

101 SIHVONEN, SANNA, Postural balance and aging. 
Cross-sectional comparative studies and a 
balance training intervention. - Ikääntyminen 
ja tasapaino. Eri ikäisten tasapaino ja tasa-
painoharjoittelun vaikuttavuus ikääntyneillä 
palvelukodissa asuvilla naisilla. 65 p. (106 p.) 
Yhteenveto 2 p. 2004.

102 RISSANEN, AARO, Back muscles and intensive 
rehabilitation of patients with chronic low 
back pain. Effects on back muscle structure 
and function and patient disability. - 
Selkälihakset ja pitkäaikaista selkäkipua 
sairastavien potilaiden intensiivinen 
kuntoutus. Vaikutukset selkälihasten 
rakenteeseen ja toimintaan sekä potilaiden 
vajaakuntoisuuteen. 90 p. (124 p.) Yhteenveto 2 
p. 2004.

103 KALLINEN, MAURI
and potential hazards of physical exercise 
in elderly people. - Liikunnan hyödylliset ja 
mahdolliset haitalliset vaikutukset ikäänty-
neiden verenkiertoelimistöön. 97 p. (135 p). 
Yhteenveto 2 p. 2004.

104 SÄÄKSLAHTI, ARJA, Liikuntaintervention vaikutus 
3–7-vuotiaiden lasten fyysiseen aktiivisuuteen 
ja motorisiin taitoihin sekä fyysisen aktiivi-
suuden yhteys sydän- ja verisuonitautien 
riskitekijöihin. - Effects of physical activity 
Intervention on physical activity and motor skills 
and relationships between physical activity and 
coronary heart disease risk factors in 3–7-year-
old children. 153 p. Summary 3 p. 2005.

105 HÄMÄLÄINEN, PIIA, Oral health status as a 
predictor of changes in general health among 
elderly people. 76 p. (120 p.) Summary 2 p. 
2005.

106 LIINAMO, ARJA, Suomalaisnuorten seksuaali-
kasvatus ja seksuaaliterveystiedot oppilaan ja 
koulun näkökulmasta. Arviointia terveyden 
edistämisen viitekehyksessä. - Sexual 
education and sexual health knowledge among 
Finnish adolescents at pupil and school level. 
Evaluation from the point of view of health 
promotion. 111 p. (176 p.) Summary 5 p. 2005.

107 ISHIKAWA, MASAKI, In vivo muscle mechanics 
during human locomotion. Fascicle-tendinous 
tissue interaction during stretch-shortening 

liikkeessä ja väsymyksessä. 89 p. (228 p.) 
Yhteenveto 1 p. 2005.

108 KÄRKI, ANNE, Physiotherapy for the functioning 
of breast cancer patients. Studies of the 
effectiveness of physiotherapy methods and 
exercise, of the content and timing of post-
operative education and of the experienced 
functioning and disability . - Rintasyöpäleikat-
tujen toimintakyky ja siihen vaikuttaminen 
fysioterapiassa ja harjoittelussa. 70 p. (138 p.)

 Yhteenveto 3 p. 2005.

109 RAJANIEMI, VESA, Liikuntapaikkarakentaminen 
ja maankäytön suunnittelu. Tutkimus eri vä-
estöryhmät tasapuolisesti huomioon ottavasta 
liikuntapaikkasuunnittelusta ja sen kytkemi-
sestä maankäyttö- ja rakennuslain mukaiseen 
kaavoitukseen. - Sports area construction 
and land use planning – Study of sports area 
planning that considers all the population 
groups even-handedly and integrates sports 
area planning with land use planning under 
the land use and building act.

 171 p. Summary 6 p. 2005.
110 WANG, QINGJU, Bone growth in pubertal girls. 

Cross-sectional and lingitudinal investigation 
of the association of sex hormones, physical 
activity, body composition and muscle st-
rength with bone mass and geometry. 75 p. 
(117 p.) Tiivistelmä 1 p. 2005. 

111 ROPPONEN, ANNINA, The role of heredity, 
 other constitutional structural and behavioral 

factors in back function tests.- Perimä, muut 
synnynnäiset rakenteelliset tekijät ja käyttäy-
tymistekijät selän toimintakykytesteissä. 78 p. 
(125 p.) Tiivistelmä 1 p. 2006.  

112 ARKELA-KAUTIAINEN, MARJA,  Functioning and 
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