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OBJECTIVE: To describe the differences between healthy 
young and older women in regards to trunk elevation and hip 
pivot motions when rising from a supine to a seated position. 
DESIGN Cross-sectional comparison. 
SEITTNG University laboratory. 
PARTICIPANTS: Two groups of healthy female volunteers: 
young adult female controls (n = 22, mean age 23.5 years) 
and community-dwelling older female adults (n = 17, mean 
age 73.8 years). 
MEASUREMENTS: Subjects were videotaped as they per- 
formed three controlled bed mobility tasks, starting from a 
supine position: (1) rising to a seated position at the edge of a 
firm plinth surface (SS); and rising to a seated position with- 
out moving to the edge of the bed while either (2) using hands 
(SUH) or (3) not using hands (SUNH). A series of movements 
involving the trunk were identified as subjects performed the 
SS task. 
RESULTS: The older women were more likely to rotate and 
laterally flex their trunks, particularly in the later phases of 
the SS task. In addition, during the SS task, the older group 
was more likely to bear weight on their hiplgluteal area, 
particularly in the later phases, and more likely to use a broad 
pivot base, consisting of the hip and the elbow. While all 
young and old performed the SUH task, less than half of the 
older group could complete the SUNH task. Moreover, the 
subgroup of older adults who could not complete the SUNH 
task may have accounted for much of the differences between 
the young and the old on the SS task. 
CONCLUSION: Healthy young and older women differ in 
their ability to rise from a supine to sitting position, primarily 
in the strategies used to elevate the trunk and facilitate a 
pivot. Trunk flexion ability likely contributes to the age 
group differences noted in rising. These data provide the basis 
for a biomechanical analysis of the critical body segment 
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motions and the strengths required to perform bed mobility 
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ifficulty in transferring out of a chair or bed affects from D 6 to 8% of noninstitutionalized persons aged 65 and 
over, or over 2 million older adult For most 
functional assessment instruments, older adults are evaluated 
as independent or dependent in their transfers, and there is no 
analysis of the components of rising from a chair or bed or 
grading of rise perf~rmance.~ Quantitative evaluations of 
chair or bed rise motions can be applied in a biomechanical 
analysis to estimate the muscle strength and joint range of 
motion used to rise from a chair or bed.4 

Common body motions used for various bed mobility 
tasks are described in classical physical therapy 
These tasks are often described in a conceptual framework, 
such as the influence of righting reflexes on the rolling from a 
supine to side lying position.’ There are few empirical data 
supporting how these task descriptions are determined.’-* 
One notable exception is a series of studies in which young 
subjects rise from a supine position on the floor to a standing 
position and roll from a supine position to a prone posi- 
t i ~ n . ~ - ’ ~  Whereas older adults (aged 50-69) perform bed 
mobility tasks more slowly than younger  adult^,'^ few studies 
examine empirically which body motions are used by older 
adults to rise from a bed. Thus, our goal is to provide a more 
empirical and quantitative analysis of how older adults rise 
from a bed. 

This analysis builds upon our previous work,” where we 
found that general descriptions of body motions are useful in 
differentiating bed rise performance among older adults who 
have difficulty rising from a bed, older adults who do not have 
difficulty, and healthy young adults. The latter two groups 
differ in the use of their upper extremities during the rise. We 
speculate that healthy young and old adults use their upper 
extremities differently because of age-related differences in 
the ability to elevate the trunk and pivot at the hips while 
rising. Accordingly, the purpose of the present study is to 
describe more specifically how healthy young and old adults 
differ in the trunk and pivot-related motions they use while 
rising from a supine to a seated position. We hypothesize that 
older adults, compared with young adults, are less able to flex 
their trunks forward from a supine position. As a result, older 
adults are more likely to rotate and laterally flex their trunks 
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and alter their pivot-related motions when rising from supine 
to seated position. 

These data can be useful in determining the changes in 
bed mobility that occur as a result of aging. Specifically, 
age-related alterations in how older adults elevate their 
trunks might be considered in rehabilitation goals and ther- 
apeutic exercises for mobility-impaired older adults. These 
data also serve as the basis for biomechanical analyses of bed 
rise motions. These analyses support the development of new 
exercise approaches to compensate for age-related changes in 
bed rise motions and the development of alternative bed 
designs for mobility-impaired older adults. 

METHODS 

Subjects 
Twenty-two young adult female controls (mean age 23.5 

years, age range 20-27) and 17 community-dwelling older 
female adults (mean age 73.8 years, age range 64-80) volun- 
teered for the study. Informed consent was obtained from all 
volunteers, and the protocol was approved by the hospital 
and university institutional review boards. 

Young adult controls were recruited from a group of 
healthy undergraduate and physical therapy students. Com- 
munity-dwelling older women were recruited from among 
those who had previously participated or had indicated a 
willingness to participate in university research. Both groups 
denied any history of significant neurological or musculoskel- 
etal abnormalities and denied any difficulty in bed mobility or 
transferring. 

All older adults underwent a standard medical history 
and physical examination, conducted by a physician geriatri- 
cian, which focused on the presence or absence of neurolog- 
ical and musculoskeletal Despite denying 
any significant neurological or musculoskeletal abnormali- 
ties, some older women had subtle findings on history and 
examination. Common findings in these older adults included 
the following: five subjects (29%) had a history of a visual 
disease such as glaucoma, cataracts, or senile macular degen- 
eration and yet distance vision in all of the older adults was 
20/50 or better in the best eye; six subjects (35%) had 
experienced rare occasional pain or stiffness in the extremi- 
ties, neck, or back in the past that was not present during 
testing; seven subjects (41 %) had asymmetric or decreased 
lower extremity reflexes; eight (47%) had reduced vibration 
sense at the ankles. All but three older adults took daily 
prescription medications (mean of 1.5 prescription drugs per 
person), and the majority of these drugs were hormones 
(including estrogen and thyroid). Medications taken by the 
older adults that might have affected performance included 
antihypertensives, diuretics, and digoxin, but no subjects had 
postural symptoms or hypotension. Despite these findings, no 
older adults had focal decrements in extremity muscle 
strength and joint range of motion. They were also not obese 
as indicated by their body mass index (mean 24, range 22-28, 
in kg/mz). All older adults indicated that they were right- 
handed and that they participated regularly in walking and 
exercise programs. 

Equipment 
Subjects started from a supine position on a flat plinth 

measuring approximately 2 m long and 1 m wide. The floor 
to plinth surface height was approximately 0.8 m. 

A video camera was placed on top of a tripod, approxi- 
mately 2 m high, inferior and lateral to the left side of the 
plinth. This camera was located 2.8 m from the left infero- 
lateral corner of the plinth and was angled downward at 
approximately 35 degrees, such that the subject was in full 
view for the supine position, the side-lying position, and 
seated position at the edge of the plinth. Using these settings, 
an overall view of all experimental trials could be accom- 
plished without moving the camera. In addition, a mirror 
approximately 1.5 m x 0.5 m was placed to the subject’s right 
side, thereby enabling the subject’s right upper and lower 
extremities to be visualized by the camera. 

A videocassette recorder with slow motion and pause 
controls was used to facilitate the data acquisition described 
below. 

Pmtocol 
All subjects adhered to the following protocol. After 

being centered on the plinth, subjects started from a supine 
position with knees and hips extended, feet together, and 
arms at their sides. After a countdown, subjects were to rise at 
a comfortable rate to a seated position at the edge of the left 
side of the plinth (SS task). Subjects were then told to rise up 
to a seated position while keeping their legs in the plinth area 
and not moving their legs to the plinth edge. These “sit-ups” 
were performed under two circumstances. Subjects were first 
allowed to use their hands in any preferred manner (sit-up 
with hands or SUH) and then were told to keep their arms 
folded across their chest (sit-up with no hands or SUNH). 
Subjects were instructed not to grab the edge of the plinth 
surface during any part of the rise or “sit-up” tasks, but they 
were free to use any other motion necessary to complete the 
task. One practice trial was performed for each of the SS, 
SUH, and SUNH tasks, followed by three additional trials. 

Supine-to-Sit (SS) Task Descriptors 
Based on data from previous ~ tud ie s ,~ - ’~*’~  a set of trunk 

and pivot-related motions used to rise from supine to sitting 
(SS task descriptors) were identified. 

Motions were thought to differ during different phases of 
the SS task. Accordingly, trunk flexion was identified in 
relation to the phases of completion of a pivot of the hips and 
pelvis. The pivot was defined to begin with the onset of pelvis 
motion (see Figure la),  as indicated by abduction of the 
ipsilateral thigh, and was subsequently described by estimat- 
ing the degrees of thigh abduction from the initial start 
position. There were three phases of the pivot: early (the first 
30 degrees of thigh abduction from the initial position), 
middle (30 to 60 degrees of thigh abduction), and late pivot 
(greater than 60 degrees of thigh abduction). The pivot was 
completed when the ipsilateral and contralateral thigh 
reached 90 degrees and the legs dangled off the side of the 
plinth. 

The pivot-related motions were identified in relation to 
the extent of trunk elevation off the plinth surface. The extent 
of trunk elevation was determined by estimating the angle 
made between the subject’s trunk and the horizontal surface 
of the plinth in the sagittalhertical plane (see Figure lb). 
There were three phases of trunk elevation: early (the first 30 
degrees of trunk elevation), middle (30 to 60 degrees of trunk 
elevation), and late (greater than 60 degrees of trunk eleva- 
tion). 
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Figure 1. SS task descriptors are identified according to phases of 
completion of a pivot of the hips and pelvis ( la )  and according to 
phases of completion of trunk elevation (1 b). 
la. Phases of the pivot are determined by the extent of ipsilateral 
thigh abduction: early (the first 30 degrees of thigh abduction 
from the initial position), middle (30 to 60 degrees of thigh 
abduction), and late pivot (greater than 60 degrees of thigh 
abduction). The pivot is completed when the ipsilateral and 
contralateral thigh reach 90 degrees and the legs dangle off the 
side of the plinth. 
1 b. Phases of trunk elevation are determined by estimating the 
angle made between the subject’s trunk and the horizontal 
surface of the plinth in the sagittauvertical plane. There are three 
phases of trunk elevation: early (the first 30 degrees of trunk 
elevation), middle (30 to 60 degrees of trunk elevation), and late 
(greater than 60 degrees of trunk elevation). 

The SS task descriptor items were defined as follows. 
Trunk flexion in the sagittal plane was noted when the head 
and trunk were aligned with and flexing towards the pelvis 
and lower extremities; trunk motion outside of the sagittal 
plane was noted as rotation or lateral flexion. Pivot variants 
included the use of the left hip and gluteal region for weight 
bearing and using the elbow in addition to the hip to make a 
broader base for the pivot. 

Descriptor ratings within each category were generally 
independent, i.e., identifying one descriptor did not immedi- 
ately determine the presence of another descriptor, with a few 
exceptions. During a particular phase of pivot completion, 
trunk flexion can begin primarily sagittally and later involve 
lateral flexion and/or rotation. Any descriptor could be noted 
during early, middle, or late phases of either the pivot or 
trunk elevation. 

Further information regarding the development and use 
of these descriptors is available from the authors. 

Data Acquisition 
Two experimenters separately viewed videotapes of sub- 

jects performing the SS task and determined (rated) whether a 
particular SS task descriptor was present, specifically in rela- 
tion to the extent of pivot completion and trunk elevation. In 
the few instances where there was disagreement in the pres- 
ence of a descriptor (see section below on reliability), such as 
regarding the particular pivot phase of a descriptor, the 
videotape was independently reviewed by a third experi- 
menter blinded to the scores of the other two experimenters. 
The third experimenter was used to break any “tie” scores, 
i.e., to determine a final consensus score. Use of a consensus 
score is useful in situations such as this where a gold standard 
is lacking, and where reliance on one rater might yield biased 
information.” In addition, previous experience” has shown 
that two independent ratings of bed mobility while using a 
descriptor-based rating system requires a third rater to deter- 
mine a final score in situations where there is rater disagree- 
ment. This consensus score thus represents a composite rat- 
ing based on more than one rater and more than one rating 
episode. 

Although three trials of each task were performed, only 
the second trial was used for analysis. In previous studies, 
some intertrial variability was present for descriptors charac- 
terizing bed rise difficulty, perhaps reflecting a practice ef- 
fect.” For this reason, the second trial, instead of a mean of 
all trials, was used for the analyses. 

In addition to identifying descriptors, the SS task was 
timed from motion onset to apparent task completion. SS 
task time was determined by an experimenter using a stop- 
watch and with the use of an inset timer on the video record. 
Start time was designated as the onset of any motion contrib- 
uting to the task in the head, shoulder girdle, pelvis, or 
extremities. Motion was considered complete when trunk 
sway ceased while the subject was seated at the edge of the 
plinth. 

Motions of body segments heralded the onset of the SS 
task performance. Initiation of the SS task was noted either 
by neck flexion, upper extremity motion, lower extremity 
motion, or any combination of the these motions. 

Data Analysis 
Group mean SS task completion time was compared 

between the young and old using independent t tests. The 
percent of consensus SS descriptors (for each trunk elevation 
and pivot phase), the percent use of a body segment to initiate 
the SS task, and the percent able to complete the SUH and 
SUNH tasks in the young and old groups were compared 
using Fisher’s exact test. The Fisher’s exact test was also used 
to compare the percent of descriptors in those older women 
able to complete the SUNH task (n = 6) with those unable to 
complete the SUNH task (n = 8). 
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Using the S S  task ratings by the initial two experiment- 
ers, Cohen's Kappa scores for interrater agreement (between 
raters), intrarater agreement (same rater and same S S  task 
trial on two separate occasions), and intertrial agreement 
(same rater, but two separate S S  task trials) were assessed. 
Data were processed for the items noted below in Table 1, 
with a focus on the items that best differentiated the young 
and older women groups. Interrater reliability was analyzed 
in young (n = 20) and old (n = 14) subjects who did not roll 
onto their ipsilateral sides (see below). Intrarater and inter- 
trial reliability were analyzed in smaller subsamples (intra- 
rater young n = 10, old n = 10; intertrial young n = 17, old 
n = 12). 

All statistical comparisons were made using SYSTAT, a 
standard statistical software package?' 

RESULTS 

Subjects Rolling onto Zpsikzteral Side 
The S S  task descriptors were identified for each subject, 

with the exception of a few young (2/22 or 9% of group) and 
old (3/17 or 18% of group) subjects who clearly rolled onto 
their ipsilateral sides before elevating the trunk. These sub- 
jects followed the instructions as given, did not violate the 
protocol, and rose to a sitting position at the edge of 
the plinth. However, their motions differed markedly from 
the others in that these subjects did not flex their trunk in the 
sagittal plane and did not perform the hip pivot with the hip 
abduction and adduction as described above. These subjects 
used a completely different rise strategy, and, thus, the de- 
scriptor system was determined a priori to be too difficult to 
apply to these subjects. They were excluded from the S S  task 
descriptor analyses only. 

Supine-to-Sit Task Descriptors 
Certain S S  task descriptor items were commonly found 

in both young and old groups (see Table 1). Sagittal plane 
trunk flexion was common in both groups, especially at the 
beginning of the rise. During the pivot, weight bearing on the 
left glutealhip area was common, especially in the later 
phases of trunk elevation. 

Significant differences between the young and old groups 
were as follows. The older women were more likely to use 
lateral trunk flexion and rotation, particularly in the late 
phase of the pivot. The older adults bore weight on their left 
hip/gluteal area more often, and at  an earlier point of their 
trunk elevation, than the young. In fact, 75% of the young 
and 14% of the old bore weight on the left hip only in the late 
phase, compared with a combination of early, middle, or late 
(P < .005). The older adults were also more likely to broaden 
their support base by contacting their elbow to the plinth. 
This was evidenced by the use of their elbow to broaden their 
pivot base during middle trunk elevation. 

Mean Task Completion Time 
Mean time to complete the S S  task differed significantly 

between the young and old, whether roll subjects are included 
(young: mean 2.3 sec, SD 0.5; old: mean 3.3 sec, SD 1.8; P < 
.05) or excluded (young: mean 2.2, SD 0.4; old: mean 2.9 sec, 
SD 0.6; P < .005). Despite the age group difference in task 
completion time, time to rise did not correlate significantly 
with the presence or absence of any of the three descriptor 
items that differed between the young and old (such as trunk 
lateral flexiodrotation). 

Table 1. Supine-to-Sit (SS) Task Descriptors Present in Young 
Versus Old (% of group) 

Descriptor Early Middle Late 

Trunk Motion (by pivot phase) 
Trunk flexion in sagittal 

plane 
Young 
Old 

Trunk lateral flexion and 
rotation 

Young 
Old 

Pivot variants (by trunk 
elevation phase) 

Weight bear on left 
hip/gluteal area 

Young 
Old 

Broad base (hip/elbow) 
pivot 

Young 
Old 

90 45 
79 29 

10 25 
28 50 

5 25 
29 72"' 

5 15 
24 64" 

5 
0 

30 
71 ' 

100 
86 

5 
21 

Descriptor can be rated as present or not present, during the early, middle, and/or 
late phases of either trunk elevation or pivot completion. Young (n = 2) and Old 
(n = 3) subjects performing rolls onto their ipsilateral side were excluded from the 
analysis. 

Percent of Old (n = 14) different than Young (n = 20): 'P < .05; **P < .01; 
'**P < .oos. 

Supine-to-Sit Initiation 
The percentage of use of a body segment to initiate the SS 

task was noted (see Table 2), and these data include subjects 
who rolled onto their side to rise. The young adults initiated 
the S S  task with only neck flexion more often than the old, 
whereas the old initiated the SS task with only upper extrem- 
ity motion more often than the young. The old tended to 
demonstrate more variability in initiating the S S  task with 
neck flexion only, upper extremity motion only, or lower 
extremity motion only. 

Table 2. Body Segment Motion Initiators for SS Task in Young 
and Old 

% of Young % of Old - 
(n = 22) (n = 17) 

Neck flexion only 68 24' 
Upper extremity motion only 9 41 
Lower extremity motion only 9 18 
Neck flexion and upper 0 6 

Neck flexion and lower 9 0 

Upper and lower extremity 5 6 
Neck flexion, upper and lower 0 6 

extremity 

extremity 

extremity 

Percent of Old adults different than Young adults: 'P < .OS. Subjects who 
performed rolls are included in this sample (see text). 
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“Sit-up” Performance and Impact on Supine-to-Sit Data 
All young and old subjects were able to complete the 

SUH task. All of the young but only 6 of 17 of the older adults 
(35%) were able to complete the SUNH task (young-old 
difference, P < .001). When excluding the roll subjects, 6 of 
14 (43%) of the old were able to complete the SUNH task 
(young-old difference, P < .001). 

Excluding the roll subjects, the subgroup of older women 
who were unable to complete the SUNH task, the old unable 
(n = 8), when compared with the older women who could 
complete this task, the old able (n = 6), had a tendency to 
differ in their SS task descriptors (Table 3). The old unable, 
compared with the old able, more often tended to use lateral 
trunk flexion, weight bearing on the left hip, and a broader 
support base with their elbows, although these differences 
were not statistically significant. The old unable initiated the 
SS task significantly more often with the upper extremity than 
with neck flexion. SS task completion time did not differ 
significantly between the old able (mean 2.8 sec) and the old 
unable (mean 3.0 sec). When examining Table 1, Table 2, and 
Table 3 more carefully, the descriptors that differentiated the 
young and the old groups also tended to differentiate the old 
able and old unable. This suggests that the old unable subset 
may have accounted for much of the young-old descriptor 
differences seen previously. The old able did not differ from 
the old unable in the presence or absence of subtle history and 
examination abnormalities (approximately half of each 
group). 

Reliabiliiy 
Using the individual ratings for the SS task that differed 

between young and old adults (see Tables 1 and 2), Cohen’s 
Kappa scores for interrater, intrarater, and intertrial agree- 
ment were analyzed. Interrater agreement was excellent 
(ranging from 0.73 to 0.94), except for the late pivot phase of 
trunk lateral flexiodrotation (0.28). Intrarater and intertrial 
agreement were also excellent (ranging from 0.79 to 1.0). 

DISCUSSION 
Compared with young women, older women with no 

apparent bed mobility difficulty differ in the trunk and pivot 
motions used in rising from supine to sitting, despite only 
minimal differences in rise time. The older women apparently 
avoid trunk elevation in the sagittal plane by using trunk 
lateral flexion and rotation. Trunk elevation and pivoting is 
facilitated in the older adults by bearing weight on the hip! 

gluteal area earlier and more often, and by using the elbow to 
broaden the base of support. Surprisingly few older adults 
choose to roll onto their sides and then rise, a strategy that 
has been previously assumed to be common among older 
adults.’ 

Fewer than half of the older women could sit up in bed 
without the use of their hands. Older subjects who were 
unable to perform the SUNH task were generally the same 
older subjects who differed from the young in SS task items 
such as motion initiation, trunk flexion, and use of a broader 
support base. Thus, age-related decrements in trunk flexion 
ability may have accounted for the age-related differences 
seen in the SS task. 

Movement patterns used to rise from a supine position 
are variable.’-13 Variability in initiation of body segment 
motion was present in the SS task, particularly in the older 
women. Studies involving aged populations have commonly 
reported large performance variations.21 A larger sample size 
may yield more significant age group differences, and some of 
these differences may be important clinically. We attempted 
to identify the most important SS descriptor items, given the 
subject sample size constraints and the effort required to 
acquire and analyze the data. 

The SUNH task is similar to standard tests of abdominal 
muscle strength, the primary contributor to trunk flexion 
strength.22 Investigation of age-related decrements in trunk 
flexion strength over the range of motion similar to that 
required for rising from a supine to sitting position, to our 
knowledge, has not been p e r f ~ r m e d . ~ ~ - ~ *  In order to evaluate 
the importance of trunk flexion in age-related changes of bed 
mobility, future studies of supine-to-sit tasks should consider 
direct measurements of trunk flexion strength and range of 
motion. 

Nevertheless, trunk flexion strength measurements may 
relate only weakly to the ability to rise from supine-to- 
sitting.29 This weak relationship may be due to the use of 
muscle groups other than the abdominals, such as in the 
legs:’ to complete trunk flexion beyond 45 degrees of eleva- 
tion3’ and because of the trunk coordination and balance 
required to rise from supine to sitting.32 Perhaps age-related 
declines in maintaining trunk balance33 thus contribute to 
age-related differences in supine-to-sit performance. 

Could bed mobility differences between the young and 
old be related to subtle, underlying disease or inactivity? One 
study reports that differences in physical activity level influ- 
ence how a middle-aged subject rises from a supine position 

Table 3. Differences in SS Task Descriptors Between Old Able or Unable To Do No-Hand Sit-up 

Descriptor % of Able (n = 6) % of Unable (n = 8) 

NecUrunk Motion: Trunk tat fledrotate 

Pivot Variants: Weight bear on L hip/gluteal area 

Pivot Variants: Broad base (elbowhip) pivot 

Body Segment Motion Initiator 

Late phase pivot 50 88 

Middle phase trunk elevation 50 88 

Middle phase trunk elevation 33 88 

Neck flexion only 67 O* 
Upper extremity motion only 0 75* 

Percent of Able different than Unable: ‘P < .05. 
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on the floor to a standing position.34 Although generally 
healthy and active, a few of the older women had abnormal 
history and examination findings. Yet these findings did not 
affect their performance, such as in the SUNH task. These 
highly motivated women may, in fact, be unusually good 
performers, and repeat studies may find greater differences 
between young and older adult groups 

Clinical and Scientific Relevance 
As an initial study, the SS descriptor format, using body 

segment patterns instead of a more objective format such as 
joint angle measurement, seemed more appropriate in assess- 
ing complex 3-dimensional bed mobility. These motion pat- 
terns can be used in biomechanical analyses of the strengths 
and ranges of motion required to perform these tasks. For 
example, when rising from bed, how do trunk strength and 
range of motion requirements change when a patient flexes or 
rotates the trunk primarily laterally? What are the conse- 
quences, in terms of changes in center of pressure location, 
when trunk balance during a supine-to-sit pivot is supple- 
mented by elbow contact? 

Biomechanical analyses fit well with dynamic systems 
approaches to movement analy~is.~’ Variables affecting the 
performance of the bed mobility task, such as strength and 
joint range of motion, can be varied in a computer model to 
determine critical parameter values. Of particular impor- 
tance is to test these parameters during periods of instability 
or transition, such as during trunk elevation and pivoting. 

These analyses can also serve as a basis for developing 
age-appropriate goals and therapeutic exercises for bed mo- 
bility rehabilitation. The finding that some older adults can- 
not do a sit up without hand use means that their trunk 
flexion ability has declined. This decrement in trunk flexion 
may have an important impact in situations where compen- 
satory adaptations are difficult, such as when extremity use is 
limited by fracture, weakness, or joint pain. 
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