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ffects of Resistance Training on Lower-Extremity
mpairments in Older People With Hip Fracture
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ABSTRACT. Portegijs E, Kallinen M, Rantanen T, Hei-
onen A, Sihvonen S, Alen M, Kiviranta I, Sipilä S. Effects of
esistance training on lower-extremity impairments in older peo-
le with hip fracture. Arch Phys Med Rehabil 2008;89:1667-74.

Objective: To study the effects of resistance training on
uscle strength parameters, mobility, and balance.
Design: Randomized controlled trial.
Setting: Research laboratory and senior gym.
Participants: Population-based sample of eligible 60- to

5-year-old community-dwelling men and women 0.5 to 7.0
ears after hip fracture. Forty-six people had no contraindica-
ions and were willing to participate in the exercise trial.

Intervention: Twelve-week intensive progressive strength-
ower training (n�24), aiming to reduce asymmetric deficit in
eg muscle strength and power, or no intervention (n�22).

Main Outcome Measures: Isometric knee extension torque
KET) and leg extension power (LEP) measured in the weaker
nd stronger leg and the asymmetric deficit ([weak/sum both
egs] � 100%), 10-m walking speed, dynamic balance test, and
elf-reported outdoor mobility.

Results: KET increased in both legs (P�.021), LEP tended
o increase in the weaker leg (P�.071), and asymmetric LEP
eficit decreased (P�.010) after training compared with the
ontrol group. LEP of the stronger leg, asymmetric KET def-
cit, walking speed, and balance performance were not signif-
cantly affected by training. Self-reported ability to walk out-
oors improved after training. The compliance to the training
as over 90%, and few adverse events (n�4; mainly muscu-

oskeletal) were likely to be caused by the training.
Conclusions: Intensive resistance training is feasible for peo-

le with a hip fracture and improved muscle strength and power.
ore intensive training especially for the weaker leg may be needed

o obtain more marked effects on asymmetric deficit, mobility, and
alance. Also, the timing and duration of training program should
e considered. (ISRCTN identifier ISRCTN34271567.)
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N OLDER PEOPLE, HIP fracture is a common trauma
associated with a high risk for death and disability.1 Of those

urviving 6 months past the fracture, less than half regain
refracture physical function.2,3 Among them, the muscle
trength and power deficit on the fractured side typically im-
aired mobility more than the level of strength and power on
he healthy side.4,5 A large asymmetric deficit in LEP (ie, a
arge difference between the stronger and weaker leg) may
mpair mobility and balance, even in people with no fracture
istory.6-8

In healthy older people, progressive resistance training is
nown to improve muscle strength and power.9-12 These stud-
es, however, did not include mobility function11,12 or failed to
how significant changes in mobility.9,10 Studies including frail
lder people13,14 or persons with mobility limitations15,16 have
hown reductions in mobility limitation by resistance training.
herefore, resistance training may be an efficient and cost-
ffective strategy to prevent and potentially reduce mobility
imitation and loss of independence in older people at risk.
evertheless, intensive progressive resistance training has not
een studied extensively in clinical populations, such as hip
racture patients. Although muscle strength and physical func-
ion may improve when using bilateral exercises,17 training
rograms taking into account the persistent asymmetric strength
eficit after hip fracture may be more effective.

We explored the feasibility and effects of intensive progres-
ive strength-power training on muscle strength and power,
obility, and balance function in 60- to 85-year-old men and
omen 6 months to 7 years after hip fracture. The training
rogram was designed to reduce asymmetric deficit and to
ncrease the muscle strength and power of both legs.

METHODS

tudy Design
This RCT is part of a larger study investigating health,

unctional ability, and rehabilitation of people with a hip frac-

List of Abbreviations

ANOVA analysis of variance
CI confidence interval
COP center of pressure
KET knee extension torque
LEP leg extension power
1-RM one repetition maximum
RCT randomized controlled trial

ROM range of motion
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ure history. In this RCT, 1 group received strength-power
raining twice a week and was compared with a nontraining
ontrol group. Measurements were performed before (baseline)
nd after the 12-week intervention.

articipants
To avoid confounding the acute recovery effects, community-

iving 60- to 85-year-old men and women with a femoral neck
r trochanteric fracture within 6 months to 7 years before
aseline were invited to participate in the study. In 2004 and
005, all 452 surviving patients with a hip fracture in the years
998 to 2004 were identified by using the patient records of the
entral Finland Central Hospital. Those willing to participate
ere interviewed by telephone (n�132). We excluded patients
ot living independently in the Central Finland Health Care
istrict, those with neurologic and progressive severe illnesses,

nd those not able to walk outdoors without another person’s
ssistance. Contraindications for participation in the exercise
rial18 were evaluated in the clinical examination before the
aseline laboratory assessments. The trial profile of the study is
isplayed in figure 1. Of the 25 men and 54 women participat-
ng in the baseline assessments, those without contraindications
or participation in the trial were randomized into the training
8 men, 16 women) and control group (6 men, 16 women). The
roups were randomized manually by drawing lots in blocks of
ex and stratified by average age. In the control group, 1
articipant dropped out for personal reasons and 1 participant
ecause of dissatisfaction with the randomization outcome. In
he training group, 1 participant dropped out for personal
easons, and another participant refused to participate in the
raining immediately after randomization because of changes in
is personal life. However, he did participate in the posttrial
easurements.
The trial was performed in 2 phases. To enlarge the initial

ample size obtained in the year 2004, the study was repeated
n the same season (August–December) of 2005 by using the
xact same protocol, infrastructure, and staff. Only the recruit-
ent area was enlarged in 2005. The study was approved by

he Ethics Committee of Central Finland Health Care District,
NFig 1. Flowchart of the study.

rch Phys Med Rehabil Vol 89, September 2008
nd an informed consent form was signed before the baseline
xaminations.

ealth Ascertainment
A physician and a research nurse performed a thorough

linical examination to assess general health status and to
valuate potential contraindications for safe participation in the
easurements and strength training, according to the criteria of

he American College of Sports Medicine.18 Additionally, the
resence of chronic conditions and use of medication were
stablished according to a questionnaire, current prescriptions,
nd medical records. The number of chronic diseases present
or at least 3 months was calculated as an indicator of comor-
idity.

ip Fracture Status
Characteristics of the hip fracture and its operation were

ollected from medical records from the orthopedic department
f the hospital. The causes of the hip fracture were falls on
round level (70%) or from a higher level (17%) or other
auses, such as bike or car crashes (13%). The hip fracture was
urgically fixed with osteosynthesis (54%) or arthroplasty
46%). In the training group, significantly more fractures were
xed by using arthroplasty (67%) than in the control group
23%) (P�.007).

The number of days between the date of hip fracture and
ugust 1 of the year of measurements (2004 or 2005) was

alculated and used as the variable for time elapsed since hip
racture. For 1 participant, the date of fracture was unknown;
herefore, the date of surgery was used to calculate the time
lapsed since fracture.

Participants were asked by means of a questionnaire to
ndicate the level of pain in the hip on the left and right side
uring the last week by using a visual analog scale (range,
–100mm).

uscle Strength and Power
Maximal voluntary isometric knee extension of both legs

nd handgrip strength of the dominant hand were assessed by
sing an adjustable dynamometer chair.a In the knee extension
trength assessment, the ankle was attached to a strain-gauge
ystem with the knee angle fixed at 60° from full extension.
articipants were encouraged to extend the leg as hard as
ossible. After 2 to 3 practice trials, measurements were per-
ormed at least 3 times until no further improvement occurred.
ach contraction was maintained for 2 to 3 seconds. The

ntertrial rest period was 30 seconds. The performance of the
ighest maximal force was used for analysis. Three participants
n the training group were unable to perform the knee extension
trength measurements according to protocol because of pain
n�1) and poor cooperation (n�2). Handgrip strength was
easured as an indicator for general strength.19 In the handgrip-

trength assessment, the dynamometer was fixed to the arm of the
hair with the elbow flexed in an angle of 90°. Participants were
ncouraged to squeeze the handle as hard as possible. The same
rotocol was used as for knee extension strength. The test-retest
recision with a 2-week interval is 6%�7% for handgrip strength
nd 6%�6% for knee extension strength in our laboratory.19 In
ddition to the maximal force (in newtons), the maximal rate of
orce development over an interval of 10ms (in N/s) was
ecorded. Maximal KET (in Nm) was calculated by using
he following formula: force (in newton) � (chair lever arm
in meters] � cos30o) and used for analysis.10

LEP (in watts) was measured in both legs by using the

ottingham power rig.20,b The seat position was adjusted for
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eg length. The participant was seated with the arms folded, and
foot was placed on the pedal attached to a flywheel while the

ther foot rested on the floor. After 2 to 3 practice trials,
articipants were asked to push the pedal as hard and fast as
ossible 5 to 10 times until no further improvement occurred.
he intertrial rest period was at least 30 seconds. The best
erformance was used for analysis. Because of pain or limita-
ions in joint ROM of the knee and hip joint in the sitting
osition suggested by the manufacturer,20 5 participants were
llowed to sit with the back leaning backward on the backrest
nd 1 participant was seated on a cushion of 7cm in height. The
ame position was used for both legs in the baseline and
osttrial measurements. Although LEP was slightly higher
mong those leaning backward, the sitting position did not
ffect the results of the asymmetric deficit or training effect.
espite this adjustment, 1 participant in the training and 1 in

he control group were unable to perform the LEP measure-
ents for 1 leg. Two participants in the training and 1 in the

ontrol group were unable to perform the LEP measurements
dequately for both legs because of poor cooperation. The
est-retest precision with a 1- to 2-week interval in our labo-
atory is 8%�7%.21

To avoid confounding by the order of measurements, every
ther participant was tested first on the fractured side in all
ilateral measurements of strength and power at baseline and
osttrial.

eaker Leg for Training
By training the weaker leg more intensively, we aimed to

educe the muscle strength and power difference between the
egs. For each participant, the weaker leg was defined based on
aximal knee extension strength, maximal rate of force pro-

uction, and maximal LEP. The weaker leg was defined as the
eg that had lower values in at least 2 of the measures. A
ifference between the legs ([|difference between legs|/best
esult] � 100%) of less than 5% was not considered as mean-
ngful because the variation between the best and second-best
erformance in the different muscle strength measures for each
eg was about 4%. In participants (1 in the training group, 1 in
he control group) measured in 1 leg only because of pain, the
eg not measured was considered to be the weaker leg. In 3
articipants of the training group, the results for the weaker leg
ere conflicting or unclear. For these participants, the 1-RM of

he unilateral leg press exercise, estimated during the first
raining sessions, was used to ascertain the choice. The 1-RM
as estimated from a 3- to 6-RM test by using a conversion

able22 for the leg press, knee flexion, and hip abduction and
dduction exercises trained by using pneumatic resistance
quipment.c To minimize the effects of fear for pain in the
-RM assessments that could potentially result in lower train-
ng resistance, the stronger leg was always tested first. One
articipant in the training group had no asymmetric deficit at
aseline.

obility Function
Time to walk 10m with habitual speed was assessed by using

hotocells.d Participants were allowed to use their walking aid
ommonly used for walking indoors; 42 participants did not
se any walking aid, 3 used a walking stick, and 1 participant
sed 1 crutch. Three meters was allowed for acceleration, and
he test was stopped well past the finish line. The test-retest
recision with a 1- to 2-week interval in our laboratory is 5%.10

Self-reported mobility was assessed by using a question-
aire. Participants were asked to rate their ability to walk a

istance of 2km as follows: (1) no difficulty, (2) some h
ifficulty, (3) considerable difficulty, (4) impossible without
he assistance of another person, or (5) impossible even with
he assistance of another person. For the analyses, a dichoto-
ous variable was created to differentiate those with (category

–5) and without (category 1) difficulty performing the task. At
osttrial, participants were additionally asked to rate the
hange in walking outdoors since baseline. The response cat-
gories were (1) improved, (2) no change, or (3) decreased.

alance
Dynamic balance was tested by using the Good Balance

omputerized force platform system.a Participants were asked
o move their COP along a track shown on a computer screen.23

he test was started from a well-balanced standing position
ith the COP in the middle. Weight was shifted 10 times
etween 2 marks on the left and right with a 9-m distance in
etween. The performance time (time used to complete the test)
nd the distance (the extent of the path traveled by the COP
uring the test) were measured. After 2 practice trials, the best
f 3 repetitions (shortest performance time) was chosen for
nalysis. The test was performed with the participant in stock-
ng feet, and the participant was allowed to sit for a rest
etween the trials. In our laboratory, the 1-week test-retest
ntraclass correlation coefficient of a similar but more difficult
ask was .72 (95% CI, .38–.87) for time and .81 (95% CI,
58–.91) for distance.23

nthropometry and Physical Activity
Body weight was measured in kilograms by using a beam

cale with the participant wearing light indoor clothing. Height
as measured with a scale stadiometer while the participant
as standing in stocking feet. Height was measured to the
earest centimeter.
The level of physical activity was assessed by interview

erformed by using the Yale Physical Activity Questionnaire.24

he questionnaire includes a physical activity dimension sum
ndex, which is the summation of 5 weighted subindexes.
articipants were asked how many times they performed vig-
rous physical activity (weight 5) and leisure walking (weight
) during the past month and the duration of each physical
ctivity session. The frequency, duration score, and the weight
f the respective activity were multiplied. Additionally, partic-
pants were asked to estimate the duration of the time spent
oving around (weight 3), standing (weight 2), and sitting

weight 1) on an average day in the past month. The duration
cores were multiplied with the weight.

ntervention
The training group participated in a 12-week individually

ailored training program that was organized twice a week
1–1.5h) in a senior gym and supervised by an experienced
hysiotherapist. The aim was to reduce asymmetric deficit and
o increase strength and power of the lower-limb muscles. The
eaker leg was trained first in every exercise, and more sets

nd repetitions and/or a higher resistance were used. The exact
raining protocol for both legs is displayed in table 1.

Each training session included both strength and power
xercises and started with a 10-minute warm-up sitting on a
hair. Pneumatic resistance equipmentc was used for the leg
ress, knee flexion, and hip abduction and adduction exercises.
xercises were performed with as large an ROM as possible
ith pain-free performance. The training equipment allowed

or limiting the ROM individually for each leg. The ankle
lantarflexion exercises, rising to the toes and returning the

eel onto the ground, were performed with a weighted vest in

Arch Phys Med Rehabil Vol 89, September 2008
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A

ront of a mirror while holding a handrail. In the strength
xercise, the participant was standing on 1 leg. If necessary, the
ther foot was allowed to touch the floor for balance. In the
ower exercise, participants were standing on both legs for
afety reasons.

The first 2 training sessions were used to familiarize the
articipants with the facility, equipment, and staff. The exer-
ises were performed with very low loads, and correct move-
ent technique was ensured. In the following sessions, the

-RM was estimated (see Weaker Leg for Training section).
he 1-RM assessments were repeated in weeks 6 to 8. The

raining intensity was increased progressively throughout the
raining period when tolerated. The intensity was adjusted
ndividually, and the resistance was based on the latest 1-RM
stimation.

In week 7, isometric strength and LEP measurements were
epeated for the training group to check whether the asymmet-
ic deficit still existed. Reversion of the LEP deficit had oc-
urred in 6 participants, reversion of the strength deficit in 2
articipants, and both deficits had been reverted in 1 partici-
ant. From week 9 onward, these participants trained the
trength and/or power exercises similarly for both legs accord-
ng to the protocol of the weaker leg (more intensive protocol).
ne participant had no deficit at baseline and, therefore, trained
oth legs similarly, according to the protocol of the weaker leg
or the whole period.

A physician was consulted for all pain and other medical
ymptoms emerging during the training period. This was done
o ascertain which of the symptoms were likely to be related to
he training and whether they affected the training.

ower Training
The aim of this part of the training was to increase muscle

ower and movement velocity by a high-velocity regimen.
onsidering that this was a clinical population, relatively low

esistance was used for safety reasons. Studies performed by
sing similar protocols with low resistance have shown im-
rovements in muscle power,25 mobility,26 and balance func-
ion27 in older people. The leg press and ankle plantarflexion
ower exercises were performed early in the training session in
ets of 12 repetitions (see table 1), and the concentric phase of
he contraction was performed as fast as possible. The leg press
xercise for the weaker leg consisted of 3 to 4 sets and for the
tronger leg of 2 to 3 sets with a resistance of 40% to 50% of
-RM. The ankle plantarflexion exercise was performed stand-
ng on both legs in 2 to 3 sets by using a weighted vest with 0%

Table 1: Training Protocol for the Weaker Leg and Stronger Le
Equipment (Leg Press, Knee Flexion, and Hip Abduction

Strength

Weaker Leg Strong

Training Mode
Volume

(set/repetition)
Resistance

(%)
Volume

(set/repetition

Resistance equipment
First period* 2/8 60–70‡ 1/10
Second period† 2–3/8 70–80‡ 1–2/10

Weighted vest
First period* 2/8 0§ 1/10
Second period† 2–3/8 10–15§ 1–2/10

The period between the first and second 1-RM estimation.
The period after second 1-RM estimation.
The percentage of 1-RM.
The percentage of baseline body weight.
Both legs trained simultaneously.
o 10% of baseline body weight. w

rch Phys Med Rehabil Vol 89, September 2008
trength Training
The aim of this part of the training was to increase muscle

trength by using conventional strength-training protocols.10,12

trength exercises were performed at a slower pace with fewer
epetitions (weaker leg: 2–3 sets of 8 repetitions; stronger leg:
–2 sets of 10 repetitions) and higher resistance (see table 1).
eg press, knee extension, and hip abduction and adduction
xercises were performed with a resistance of 60% to 80% of
-RM for the weaker leg and 50% to 70% of 1-RM for the
tronger leg. From week 8 onward, the leg press–strength
xercise was performed only once a week. The ankle plantar-
exion strength exercise was performed standing on 1 leg with
% to 15% of body weight; if necessary, the other foot was
llowed to touch the floor for balance.

ontrol Group
The control group did not receive any intervention. Partici-

ants were encouraged to continue their lives as usual and
aintain their prestudy level of physical activity during the

2-week trial.

tatistical Analysis
The data collected in the years 2004 and 2005 were pooled

or analysis. Power calculations performed in advance indi-
ated that a minimum of 30 subjects should be included in both
tudy groups to detect significant changes in the main outcome
easures (muscle strength, power, balance) at � equal to .05

nd � equal to .20 (power, 80%). Despite the intensive recruit-
ent, our design was slightly underpowered with 22 to 24

ersons per group.
Based on the definition of the weaker leg, the asymmetric

eficit for KET and LEP was calculated as follows: (weaker
eg/sum both legs) � 100%. The value 50% represents equal
trength or power in both legs, indicating no asymmetric def-
cit. Lower values indicate poorer strength or power in the
eaker leg. The relative change in KET, LEP, mobility, and
alance measures between the pre- and posttrial measurements
as calculated as ([post – pre]/pre) � 100%. For the asym-
etric KET and LEP deficit, the change during the intervention
as calculated as post minus pre. The difference between the
ean relative change in the training and control group (effect)
as calculated as well as the 95% CI. The training compliance
as calculated according to (number of sessions attended/
umber of session offered) � 100%.
Statistical tests were first performed separately for men and

the Strength and Power Exercises Performed With Resistance
Adduction) or a Weighted Vest (Ankle Plantarflexion)

Power

g Weaker Leg Stronger Leg

esistance
(%)

Volume
(set/repetition)

Resistance
(%)

Volume
(set/repetition)

Resistance
(%)

50–60‡ 3/12 40‡ 2/12 40‡

60–70‡ 3–4/12 40–50‡ 2–3/12 40‡

0§ 2/12� 0§

10–15§ 2–3/12� 10§
g for
and

er Le

)
R

omen. Because the results were similar, the data were pooled
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o obtain a larger sample size. All reported results were derived
rom intention-to-treat analysis. The exclusion of those with
oor compliance did not change the results significantly. Par-
icipants with missing variables in the muscle-strength and
ower tests were dropped from the respective analysis only.
Group differences in baseline characteristics were tested by

sing independent t tests or cross-tabulation with chi-square
ests. To test differences in KET, LEP, and hip pain between
he legs, paired-sample t tests were used. Means and 95% CIs
f the main outcome variables between the training and control
roup were tested by using general linear univariate ANOVA
djusted for the year of participation. The adjustment was
erformed as a precaution to account for potential effects of
actors such as group dynamics. Training effects were analyzed
s group by time interaction derived from repeated-measures
NOVA adjusted for the year of participation. The self-re-
orted change in mobility from pre- to posttrial was tested by
sing cross-tables with McNemar tests (within-group change)
nd chi-square tests (group difference).

SPSS softwaree was used for statistical analysis, and statis-
ical significance was set at P less than .050.

RESULTS

aseline Characteristics
Table 2 displays physical characteristics of the training and

ontrol groups. Age, weight, time since fracture, number of
hronic diseases, level of physical activity, handgrip strength, and
ain in the hip of both legs did not differ between the groups.

Table 2: Baseline Physical Characteristics of the Men and Women
in the Training and Control Groups

Characteristics
Training Group

(n�24)
Control Group

(n�22)
P

(t test)

Age (y) 73.8�6.6 74.1�7.2 .882
Time since hip fracture (d) 1587.7�736.2 1551.0�857.2 .877
Body weight (kg) 71.1�11.0 72.5�12.0 .671
Body height (m) 1.72�0.1 1.77�0.1 .223
No. of chronic diseases (n) 2.8�1.4 2.3�1.4 .180
YPAQ sum index (p) 41.1�20.1 44.0�20.2 .632
Handgrip strength (N) 245.5�81.3 251.0�96.0 .835
Pain hip weaker leg (mm)* 34.8�6.9 39.6�7.1 .632
Pain hip stronger leg

(mm)*
5.0�3.7 15.2�5.7 .131

OTE. Values are mean � SD.
bbreviation: YPAQ, Yale Physical Activity Questionnaire.
Pain assessed with a visual analog scale.

Table 3: Baseline Group Differences in the Main Outcome Va

Baseline

Continuous Variables Training Group Control Group

Walking speed (m/s) 24 1.1 (1.0–1.2) 22 1.1 (0.9–1.2)
Time balance (s) 24 12.0 (10.4–13.6) 21 10.7 (9.0–12.4)
Distance balance (cm) 24 182.0 (168.0–196.0) 21 177.0 (162.0–192.
KET weaker (Nm) 21 38.3 (30.0–46.6) 22 37.6 (29.5–45.7)
KET stronger (Nm) 21 47.4 (38.4–56.3) 22 45.4 (36.7–54.1)
LEP weaker (W) 21 91.6 (74.2–109.0) 20 82.0 (64.2–99.9)
LEP stronger (W) 22 113.4 (89.6–137.1) 21 99.7 (75.4–124.0

OTE. Values are n or mean and 95% CI.

Baseline comparison; general linear univariate ANOVA, adjusted for the
Group by time interaction derived from repeated-measures ANOVA, ad
articipants were on average 73.8 years old, and, on average,
ver 4 years had elapsed since the hip fracture. In both groups,
he level of pain in the hip of the weaker leg was significantly
P�.009) higher than in the stronger leg at baseline.

ompliance and Feasibility
During the training period, short-term adjustments for load

r training frequency were made in 6 participants after consul-
ation with the physician; in 2 cases, musculoskeletal problems
nd in 1 case chest pain were likely to be related to the training.
dditionally, 1 participant developed prolonged radicular pain

n the lower limb after the training period. In 2 participants,
oor compliance to the training (based on the number of
essions attended) was caused by health-related problems that
ere present before the start of the trial and in 1 participant
ecause of an unrelated wrist fracture. The training compliance
as excellent, being on average 91%�15%. Without the 3
articipants with rather poor compliance (48%–72%), the train-
ng compliance was on average 97%�3%.

uscle Strength and Power
In 83% of participants, the fractured leg was the weaker leg.

ixty-one percent of participants had a clear and consistent
eficit in all laboratory strength and power tests. At baseline,
he weaker leg had on average significantly (P�.004) poorer
ET and LEP than the stronger leg in both groups (table 3).
At baseline, there were no significant differences between

he training and control group in mean KET and LEP (see table
) or the asymmetric KET (P�.959) and LEP (P�.672) deficit.
igure 2 shows that in the training group, the weaker leg provided
n average 46% (95% CI, 43%–48%) of the summed KET of
oth legs. In the control group, the asymmetric KET deficit was on
verage 44% (95% CI, 41%–47%). The LEP deficit was on
verage 45% (95% CI, 43%–47%) and 45% (95% CI, 42%–47%)
n the training and control group, respectively.

After the trial, the mean gain of KET in the weaker leg
effect, 17%; 95% CI, �2% to 38%) and in the stronger leg
effect, 15%; 95% CI, 5%–25%) was significantly greater in
he training group compared with the control group (group by
ime interaction, P�.021, P�.004, respectively) (see table 3).
owever, the training did not affect the asymmetric KET
eficit (effect, 0%; 95% CI, �2% to 3%) (see fig 2A). The
ean gain in LEP in the weaker leg (effect, 11%; 95% CI,

%–23%) tended to be greater in the training group compared
ith the control group (group by time interaction, P�.071) (see

able 3). The training did not affect LEP in the stronger leg
effect, �3%; 95% CI, �18% to 11%). The mean reduction in
symmetric LEP deficit (effect, 4%; 95% CI, 1%–7%) was

es and the Effects of Training, for the Continuous Variables

Posttrial Baseline* Interaction†

Training Group Control Group P P

1.2 (1.1–1.3) 20 1.2 (1.0–1.3) .385 .997
10.7 (9.2–12.2) 20 10.0 (8.4–11.6) .270 .516

173.4 (158.0–189.0) 20 170.5 (155.0–186.0) .622 .996
42.7 (35.4–50.0) 20 36.5 (29.2–43.8) .902 .021
50.0 (41.1–58.8) 20 44.9 (36.0–53.7) .757 .004

106.6 (85.9–127.4) 18 86.5 (64.6–108.4) .442 .071
123.9 (99.0–148.9) 19 112.3 (86.1–138.6) .420 .987
riabl

23
21

0) 21
20
20
20

) 21
year of participation.
justed for the year of participation.

Arch Phys Med Rehabil Vol 89, September 2008



s
c

M

d
t
c
9
�
b
d
c
(

e
t
w
(
r
t
w

w
b

t
w
p
i
m
w
t

a
c
r
a
t
t
c
t
t
m
d
s
f
a
H
t
L
l
a
m
c
T
t
p
a
t

a
m
t
t
p
w
n

F
t
t

N
*
†

‡

§

1672 STRENGTH DEFICIT, MOBILITY, AND TRAINING, Portegijs

A

ignificantly greater in the training group compared with the
ontrol group (group by time interaction, P�.010) (see fig 2B).

obility and Balance
Baseline walking speed and the time and distance in the

ynamic balance test did not differ between the groups (see
able 3). When comparing the changes in the training and
ontrol group over time, habitual walking speed (effect, �2%;
5% CI, �12% to 8%) and the distance (effect, 3%; 95% CI,
10% to 17%) in the dynamic balance test were not affected

y training. The time (effect, �9%; 95% CI, 27%–8.5%) in the
ynamic balance test improved more in the training group
ompared with the control group, although not significantly
group by time interaction, P�.516).

At baseline, difficulties in walking 2km were reported
qually in the training and control group (65%) (table 4). In the
raining group, of the 15 participants reporting difficulties in
alking 2km at baseline, 5 reported no difficulties at posttrial

McNemar, P�.063). In the control group, only 1 participant
eported a corresponding change. When asked directly about
he experienced change, an improvement in outdoor mobility
as reported by 10 participants of the training group compared

ig 2. Baseline and posttrial asymmetric deficit in (A) KET (interac-
ion P�.763) and (B) LEP (group by time interaction, P�.010) in the
raining and control group.

Table 4: Baseline Group Differences in the Main Outcome V

Categoric Variables

Baseline

Training Group Cont

Ability to walk 2km
Without difficulty 8 (35)
Difficulties 15 (65) 1

Change in walking outdoors
Improved
No change
Reduced

OTE. Values are n (%).
Baseline group comparison (�2 test).
Difference between baseline and post-trial within training group (M

Difference between baseline and post-trial within control group (McNem
Group comparison (�2 test).

rch Phys Med Rehabil Vol 89, September 2008
ith 1 participant in the control group; a decrease was reported
y 2 and 3 participants, respectively (�2, P�.016).

DISCUSSION
This study shows that intensive progressive resistance

raining is feasible for hip fracture patients because they
ere able to perform the training protocol with high com-
liance. Muscle strength and power increased by the train-
ng, especially in the weaker leg. The effects on the asym-
etric deficit and performance-based mobility and balance
ere less clear. Self-reported difficulties in outdoor mobility

ended to decrease by training.
In many studies, resistance training increased muscle strength

nd power in older adults.9-16 Some strength-training studies in
linical populations failed to show improvements because of
ather low training resistance28,29 or they did not take into
ccount the asymmetric strength and power deficit.17 In pa-
ients rehabilitating from hip replacement surgery for hip os-
eoarthritis, it was shown that asymmetric deficit in strength
an be reverted only with the addition of unilateral strength
raining to the standard rehabilitation protocol.30 However,
raining 1 leg only is impossible in the long-term. Increasing
uscle strength in both legs, while reducing the asymmetric

eficit, may be more effective. In 2 studies in patients with
evere injurious falls31 or hip fracture,32 muscle strength and
unctional performance improved and the asymmetric deficit
lso seemed to decrease after unilateral training of both legs.
owever, the authors did not report significance of the reduc-

ion in asymmetric deficit. In our study, only the asymmetric
EP deficit decreased significantly. A larger distinction in training

oads for the stronger and weaker leg may be needed. It should
lso be considered that in the weaker and more painful leg,
aximal strength is likely to be underestimated,33,34 resulting in

lose to equal training loads for the weaker and stronger leg.
hus, the training resistance may have been relatively low for

he weaker leg especially. Nevertheless, muscle strength and
ower of the weaker leg increased significantly. In this context,
potential cross-training effect commonly seen after unilateral

raining of the lower limbs should also be considered.
Muscle strength and especially muscle power have been

ssociated with mobility and balance function.21,35-37 However,
obility and balance were not clearly affected by training in

his and other studies.9,10 This may be at least partly related to
he relatively good health and well functioning of our partici-
ants, despite the hip fracture. The exercises of the training
ere mainly performed in a sitting position and, therefore, did
ot challenge balance. Using balance specific exercises23,38 or

les and the Effects of Training for the Categoric Variables

Posttrial

oup Training Group Control Group P

) 13 (57) 8 (40) 1.000*
) 10 (43) 12 (60) 0.063†

1.000‡

10 (43) 1 (5) 0.016§

11 (48) 16 (80)
2 (9) 3 (15)

mar test).
ariab

rol Gr

7 (35
3 (65

cNe

ar test).
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unctional exercises31,39 may be more effective to improve
alance and mobility. On the other hand, resistance training is
afe to perform in a sitting position, especially for hip fracture
atients that often have impaired balance.40,41 Additionally,
mprovements in balance have been found after high-velocity
esistance training.27 Our hypothesis was that an asymmetric
eficit in muscle strength and power may complicate the trans-
er of weight from 1 leg to the other, which is important in
alking. Additionally, lateral balance is a predictor for falls to

he side that may cause hip fracture.42 Hip abductor and ad-
uctor muscles, which were trained in this study, play an
mportant role in lateral balance control. However, potentially,
daptation of the distance between the feet (width of the base
f support) may have partly masked changes in balance func-
ion because the width was not standardized. Increased confi-
ence may prompt a position with a smaller base of support,
enerating more challenges for balance control. The improve-
ent in dynamic balance assessing lateral balance in the train-

ng group, although not significant, may be functionally rele-
ant in reducing the risk for falls. Potentially, the improvement
ay indirectly indicate an increase in muscle strength of the

ip abductor and adductor muscles, which were not measured
irectly.
The relationship of muscle strength and power with mobility

nd balance is curvilinear.35 Improvements in strength and
ower may lead to concurrent improvements in mobility and
alance in mobility-limited or frail older adults but not neces-
arily in relatively well-functioning people.21 Our study popu-
ation may have consisted of rather well-functioning people,
espite the hip fracture, because of exclusion of those not
iving independently or unable to walk outdoors independently.
owever, factors other than muscle strength and power such as

nsecure walking (fear of falling)43 and pain5,33,34 may play an
mportant role in walking especially.

Self-reported difficulties in different mobility tasks have
een used as a proxy for preclinical disability.44,45 In this study,
he training reduced the proportion of people reporting diffi-
ulties in walking 2km. In addition, outdoor mobility improved
ore in the training group. Also, in other studies including
obility-limited or frail older people, similar improvements

ave been reported after training.16 These are important find-
ngs with respect to living independently in the community.

Intensive training, especially in clinical populations, requires
areful supervision and individualized protocols. Participation
n exercise programs should be preceded by medical screening
or contraindications.18 Pain and medical conditions in the legs
specially should be taken into account. Therefore, resistance
sed in the training needs to be adjusted individually. The
OM of the knee and hip joints may be limited, especially in
eople with joint replacements, knee osteoarthritis, or hip frac-
ure. When these issues are considered, resistance training is
enerally well tolerated and feasible for a population with a
istory of hip fracture. This has also been shown in previous
tudies in recent hip fracture patients.17,32

tudy Limitations
The study was slightly underpowered, which may partly

xplain the nonsignificant changes in walking and dynamic
alance. Importantly, the change in muscle strength and power
as significant. Especially considering the large heterogeneity
f clinical populations3 such as this, a larger sample size and
onger duration of the training program may show more clear
raining effects. Measuring maximal performance in clinical
opulations is rather challenging because of pain and fear for
ain.5,33 Therefore, maximal muscle strength and power may

ave been underestimated in this study. Also, the change in
trength and power by training may have been underestimated
ecause of different methods used in the laboratory assess-
ents and the training. The fractured leg was not always the
eaker leg because of potential influences of other diseases and

njuries affecting 1 leg since the hip fracture. The training,
pecifically aiming to reduce asymmetric deficit, may thus be
ore effective when targeted to a population with a clear and

onsistent deficit, such as in the rehabilitation phase after
isease or injury affecting 1 leg only.

CONCLUSIONS
Intensive and progressive strength-power training is feasible

n people with a history of hip fracture. The training generally
mproved the muscle strength and power of both legs. How-
ver, people may be more responsive in the rehabilitation phase
fter major injury when the asymmetric deficit is likely to be
arge. To effectively reduce the asymmetric deficit, a more
arked distinction in protocol for the stronger and weaker leg
ay be needed; also, pain and pain management after hip

racture need to be considered. To improve mobility and bal-
nce function, other issues such as fear of falling and training
pecificity also need to be taken into account.
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