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Abstract

Summary We investigated the timeline of functional recovery after hip fracture over 12 months in adults age > 65 years using
objective lower extremity function tests and subjective physical functioning. Objective functional recovery was largely complete
in the first 6 months, whereas subjective recovery improved up to 9 months after hip fracture.

Introduction Hip fractures are a major cause of loss of function among seniors. We assessed the timeline of objective and
subjective functional recovery after hip fracture.

Methods We conducted a prospective observational secondary analysis of a 1-year clinical trial on vitamin D and home exercise
treatment and complications after hip fracture among 173 patients age > 65 years (mean age 84 years; 79.2% women; 77.4%
community-dwelling) conducted from January 2005 through December 2007. Lower extremity function (Timed Up and Go test
(TUG), knee extensor and flexor strength) and grip strength was assessed at baseline and at 6 and 12 months follow-up. Subjective
physical functioning was assessed using the SF-36 questionnaire also at 3 and 9 months follow-up. Multivariable-adjusted repeated-
measures models were used to assess the timeline of functional recovery in the total population and in subgroups of patients.
Results Lower extremity function including TUG (- 61.1%), knee extensor (+ 17.6%), and knee flexor (+ 11.6%) strength improved
significantly in the first 6 months (P < 0.001). However, between 6 and 12 months, there was no further significant improvement for
any of the functional tests. Grip strength decreased from baseline to 6 months (— 7.9%; P < 0.001) and from 6 to 12 months (— 10.8%;
P <0.001). Subjective physical functioning improved from 3 to 9 months (+ 15.2%, P <0.001), but no longer thereafter.
Conclusions Functional recovery after hip fracture may be largely complete in the first 6 months for objective functional tests,
whereas may extend up to 9 months for subjective recovery, with oldest-old, female, institutionalized, and cognitively impaired
patients recovering most poorly.
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Introduction

Hip fractures are a major cause of functional impairment [1] as
well as of loss of autonomy and mortality [2, 3] in senior
adults. Consequently, hip fractures constitute a major public
health and socio-economic burden [4, 5], with associated cost
estimates ranging from $19,000 to $66,000 per fracture [2].
About 1.6 million hip fractures occur worldwide each year [6],
and due to the imminent demographic change, the global vol-
ume of hip fractures has been estimated to reach about 4.5 [7]
up to 6.3 [8] million per year by 2050.

In the first year after a hip fracture, reported mortality rates
range up to 36% [3, 9, 10] and a greater risk of mortality may
persist for at least 5 years after the index fracture [11].
Moreover, about 18—40% of patients are readmitted to acute
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care within the first 12 months after their hip fracture [10, 12,
13]. Hospital readmissions and prolonged hospitalizations af-
ter hip fracture are often associated with a delay in the recov-
ery process, incidence of complications, and mortality
[13—15]. Further, the frequent loss of function and decrease
in mobility among hip fracture survivors may provoke reduc-
tion in quality of life [16, 17] and may lead to loss of auton-
omy and nursing home admission in up to 30% of cases [9].
Notably, less than half of hip fracture patients regain their pre-
fracture level of function [18, 19], and about 60% have been
reported to require assistance even at 12 months after their hip
fracture [16]. Therefore, next to prevention, rehabilitation ef-
forts after hip fracture have become a public health priority
[20] to maintain autonomy and reduce the enormous health
economic burden of hip fractures [5].

Although several studies have investigated patterns of re-
covery after hip fracture [10, 21-25], most studies used sub-
jective self-report data from questionnaires only [10, 22,
24-27] and findings about when to measure meaningful func-
tional outcomes and when to initiate rehabilitation after the
acute hip fracture are inconsistent [28]. Moreover, it has been
recommended to use both performance-based and self-
reported functional measures to assess functional recovery
after hip fracture because both measures impart distinct but
complementary information on functional status [29]. While
objective measures are specific for the respective function
measured as well as independent of personal perception and
experience, subjective measures are influenced by a person’s
perception and experience and thus do not only reflect the
quantity, but also the quality of recovery, and may also not
be independent from other similar recovery measures but part
of a more complex psychological construct [30].
Consequently, objective and subjective measures of functional
recovery together can be seen as a complementary continuum
ranging from highly objective (e.g., clinical test parameters) to
highly subjective (e.g., integrated measures of a physical
functioning construct). Which objective or subjective aspects
of functional recovery finally should be measured depends on
the specific research question and whether objective or sub-
jective measures, or both, are considered important for the
research question [30].

To our knowledge, besides one study [10] that, however,
did not use muscle strength tests, no other study has used
objective lower and upper extremity function and strength
tests combined with self-reported subjective physical func-
tioning (SPF) to assess the timeline of functional recovery
after hip fracture and to get an overall picture of the functional
recovery process as a continuum of highly objective and sub-
jective functional recovery measures.

Therefore, the aim of the present study was to determine
the overall timeline of functional recovery after hip fracture
utilizing data on objective lower extremity function tests and
SPF measures in senior men and women sustaining an acute
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hip fracture at age 65 and older that was originally collected as
part of a clinical trial. A second aim was to investigate whether
subjective and objective functional recovery over time may
differ between subgroups of senior adults by gender, age,
body mass index (BMI), number of comorbidities, baseline
vitamin D status, living condition prior to the hip fracture
(home vs. assisted living/nursing home), and baseline cogni-
tive function.

Methods
Study design and participants

The present study is a prospective observational secondary
analysis utilizing data of a 1-year randomized controlled clin-
ical trial conducted from January 2005 through December
2007 (ClinicalTrials.gov Identifier: NCT00133640) by
pooling the data of the individual treatment arms of the trial.
The original trial investigated the effect of vitamin D (2000 vs.
800 IU/d cholecalciferol) and/or a home exercise program
(simple home exercise program in addition to standard phys-
iotherapy vs. no home exercise program in addition to stan-
dard physiotherapy) on complications after hip fracture sur-
gery among 173 patients age 65 years and older (range 65 to
99 years, mean age 84 years; 79.2% women; 77.4% commu-
nity-dwelling) using a 2 x 2 factorial design; i.e., there were 4
treatment arms of all possible combinations of the two treat-
ments (dose of cholecalciferol and/or home exercise program
yes/no), with the treatment 800 [U/day cholecalciferol and
standard physiotherapy but no home exercise program being
considered the standard of care [12].

During the first year after hip fracture, repeated mea-
sures of objective functional tests were obtained at base-
line (day 1-12 after hip fracture surgery) and at 6 and
12 months by the same trained physiotherapist, and for
SPF repeated measures were taken at baseline and at 3,
6, 9, and 12 months after hip fracture surgery by a trained
study nurse. The results of this trial in terms of the treat-
ment effect on complications after hip fracture [12] and
functional recovery after hip fracture [31] have been pub-
lished recently. For the present observational analysis, we
re-utilized the dataset collected during the original trial by
pooling all treatment arms, and we applied multivariable
modeling with adjustment for treatment and possible con-
founders to investigate the timeline of functional recovery
after hip fracture in all participants of the original trial.

During the 12-month observational period, of the 173 par-
ticipants, a total of 45 participants dropped out of the follow-
up (20 died, 10 stopped for personal reasons, 6 withdrew
because of'illness and overall decline, and 9 withdrew because
they wanted to discontinue the study medication therapy).
Due to these drop outs, the analytical sample size at 6 months
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and 12 months was n = 129 and n = 128, respectively. In 2018,
we published a similar prospective observational secondary
analysis as the present study on the association between care-
giver role and functional recovery after hip fracture using the
same dataset and the same pooling and methodological ap-
proach of data analysis [32].

Assessment of physical functioning
Objective functional tests

Objective functional tests included the Timed Up and Go test
(TUG), knee extensor (KES), knee flexor (KFS), and hand
grip (GS) strength [33]. All tests were performed at baseline
(day 1-12 after hip fracture surgery) and at the 6- and 12-
month follow-up and had been validated in a prior study
among frail seniors [33].

TUG The TUG is a standardized objective functional test that
measures the time (in seconds) to rise from a chair, walk 3 m,
turn around, go back, and sit down on the chair again by
stopwatch [34]. The smaller the TUG values (less seconds
needed to perform the test), the better the test performance.
Values below 12 s reflect normal mobility among community-
dwelling adults [35].

KES and KFS A pull gauge (Hand-Held Dynamometer, Typ
Mecmesin, BFG 1000) was used to assess KES and KFS.
The measurements (kilogram force (kgf), withl kgf=
9.80665 Newton) were conducted on the not fractured leg
[36]. The position of the patient was predetermined for each
measurement in such a way that gravitational forces did not
influence the assessment. The angle of the joint involved was
predefined and was usually neutral or at 90° if in flexion. The
patient was instructed to increase its isometric muscle strength
continuously and gradually until the maximum strength pla-
teau was reached. For both assessments, knee joint was flexed
at 90° and hands were relaxed or folded. The band of the pull
gauge was placed on the lower leg, with a distal border to the
ankle joint as close as possible. The upper legs were fixed
using a belt close to the knee joint, and the gauge was stabi-
lized by being leaned against the frame of the examination
table. For KES, the patient had to press the lower leg slowly
forward against the band, whereas for KFS, the patient had to
press the lower leg slowly backward against the band [37].

GS A Martin Vigorimeter was used to assess the muscular
strength (Bar, 1 Bar=100 kPa) of the dominant hand and
forearm. The patient was seated on a chair with the elbow
flexed at 90°. The rubber ball of the Martin Vigorimeter was
in the palm, between fingers 1-4 and the thumb, and the pa-
tient had to squeeze the ball slowly [38].

Self-reported physical functioning

SPF was assessed using the RAND Short-Form 36 Health
Survey (SF-36) questionnaire (version 1.0) [39] to record self-
reported pre-fracture as well as 3, 6, 9-month and 12-month
follow-up mobility. Of the eight health concepts included in
the SF-36, we used the 10-item section on physical functioning
that describes limitations in physical performance concerning
their presence and extent due to health restriction [39]. These
10 items assess vigorous and moderate activities including
climbing one or several flights, lift and carry groceries, bend
knee, walk one or several blocks, walking a mile, and grooming
(bathing, dressing) independently [39]. Each item was rated on a
three-point scale (yes, limited a lot; yes, limited a little; and no,
not limited at all). Answers to each question were transformed to
a 0—100 scale, summed, and divided by 10.

Assessment of covariates

Age, gender, Charlson comorbidity index (CCI, score 0-37)
[40], living situation (at home vs. assisted living/nursing
home), and global cognitive function measured by the total
score of the Folstein mini-mental state examination
(MMSE, score 0-30) [41] were assessed at baseline during
acute care. Baseline weight (kg) and height (cm) were mea-
sured with subjects dressed in light clothing without shoes,
and BMI (in kg/m*) was calculated as weight divided by
height squared. Baseline 25-hydroxyvitamin D (25(OH)D)
status was measured using collected venous blood and a
radioimmunoassay (Diasorin, Inc., Stillwater, Minnesota).
Treatment of the 2 x 2 factorial design of the original trial
comprised extended physiotherapy (supervised 60 min/day
during acute care plus an unsupervised home program) ver-
sus standard physiotherapy (supervised 30 min/day during
acute care plus no home program) and cholecalciferol ther-
apy (2000 versus 800 IU/day).

Statistical analysis

Statistical analysis was performed using SAS, version 9.4
(SAS Institute, Inc., Cary, North Carolina, USA).
Differences in subject characteristics between men and wom-
en were analyzed by using a x> test for categorical and a
Student’s ¢ test for continuous variables.

Associations between repeated measurements of objective
or subjective physical performance variables (response vari-
ables) and time (predictor variable) were analyzed using mul-
tivariable linear mixed models with random intercept and ran-
dom slope treating time as a random variable and subject as
identifier. Given the specific dataset of the original trial, to
correct our analysis for the treatment of the original trial, a
possible interaction between treatment and time, and other pos-
sible confounders (i.e., any variable that may bias the association
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between the recovery time and the functional outcomes of inter-
est because this variable may also influence the functional recov-
ery after hip fracture), our models were adjusted for the treatment
group of the original intervention trial and an interaction term for
treatment by time, as well as for baseline age, gender, and BMI
(basic adjusted model 1) or additionally for baseline CCI (score
0-37), living situation (at home vs. assisted living/nursing home),
total score of the MMSE (score 0—30), and baseline blood
25(OH)D concentration (fully adjusted model 2). To justify the
pooled analysis of the trial data, we tested whether the associa-
tions observed between the objective or subjective physical per-
formance variables and time were modified by the assignment of
the subjects to different treatment arms by testing for interaction
effects between the treatment arms and time. However, since the
interaction terms in the models were not statistically significant
(P> 0.5) and the results did not change, we were able to use the
pooled dataset for our observational analysis.

Moreover, first-, second-, or third-order polynomials of
time, respectively, were used in the linear mixed models to
test for a linear, quadratic, or cubic trend of change in the
physical performance variables across the repeated measures.

In subgroup analysis by baseline age (< 85 vs. > 85 year),
gender, BMI (<25 vs. >25 kg/mz), number of comorbidities
(<3 vs. >3), 25(OH)D status (< 10 vs. > 10 ng/mL), living
condition prior to the hip fracture (home vs. assisted living/
nursing home), and baseline cognitive function measured by
MMSE total score (<25 vs. >25), models were adjusted for
treatment of the original intervention trial only. Differences in
recovery between subgroups over time were tested by using
the change of the repeated measurements over time as out-
come variable and adjusting for the respective baseline values
of the measurements. Statistical significance was set at
P <0.05; reported P values are two-sided.

Results
Subject characteristics

Subject characteristics are presented by gender (Table 1). The
ratio of men to women was 1:3.8. Men had a higher CCI (P =

0.005) and higher KES, KFS, and GS (P < 0.001) than wom-
en. There were no significant differences in the distribution of
subgroups of age, BMI, CClI, living condition, total score of
the MMSE, or baseline 25(OH)D status between men and
women.

Repeated measurements of objective and subjective
functional recovery after hip fracture

In fully adjusted models, adjusted mean values (least square

means (LSM)) of the TUG (—61.1%), KES (+17.6%), and
KFS (+11.6%) improved in the first 6 months after hip
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fracture surgery (P <0.001), but leveled off between 6 and
12 months (Fig. 1a—c; Table 2), following a positive or nega-
tive quadratic trend in time (P < 0.001), respectively. By con-
trast, GS decreased linearly from baseline to 12 months (—
18.2%, P <0.001) (Fig. 1d; Table 2). Ratings of SPF de-
creased (—27.8%) from pre- to postoperative state (P <
0.001), whereas improved equally from 3 to 9 months (+
15.2%, P <0.001), and did not improve any longer, but even
deteriorated between 9 and 12 months (—3.2%, P =0.03)
(Fig. 2; Table 2), following a negative cubic trend in time
(P <0.001). In Table 2, the corresponding exact mean values
(LSM) for the fully adjusted models (model 2) as depicted in
Figs. 1 and 2 are shown for all objective and subjective func-
tional measures. In addition, Table 2 also presents the exact
values (LSM) of the basic adjusted models (model 1) for all
objective and subjective functional measures. Moreover,
Table 2 provides the exact values for the mean changes (i.e.,
A LSM) in all objective and subjective functional measures
between individual follow-up time points, as well as for the
changes (i.e., A LSMp) between the baseline measurement
and individual follow-up time points over the 12-month fol-
low-up period. Finally, Table 2 provides information (i.e.,
Pieng linear, Pyenq quadratic, or Pye,q cubic) whether the
changes across the repeated measurements of the individual
objective and subjective functional measures over the
12 months followed a linear, quadratic, or cubic trend in the
pattern of functional recovery after hip fracture.

Differences in physical recovery after hip fracture
between subgroups over time

Overall, subgroup analysis (Supplementary Figs. 1-5) by
baseline gender, age (<85 vs. > 85 years), BMI (<25 vs. >
25 kg/mz), number of comorbidities (<3 vs. > 3), living con-
dition prior to the hip fracture (home vs. assisted living/
nursing home), cognitive function measured by MMSE (<
25 vs. >25), and 25(OH)D status (< 10 vs. > 10 ng/mL), re-
vealed a similar pattern of change for individual subgroups
across the repeated measurements as observed for the total
population, i.e., an improvement in physical recovery in the
first 6 months (objective performance tests) or 3 to 9 months
(SPF ratings), with no further improvement thereafter. As for
the total population, the only exception was GS that consis-
tently decreased with time.

Regarding the overall absolute differences in performance
between subgroups over 12 months, as expected men, patients
< 85 years, and patients with BMI < 25 kg/m? (except for KES
and KFS), number of comorbidities <3 (except for KES,
KFS, and GS), baseline 25(OH)D status > 10 ng/mL, living
at home prior to the hip fracture, and MMSE > 25 performed
significantly or nominally better in all objective and subjective
physical functioning measures than patients of the respective
other subgroup. Also, regarding the relative recovery, i.e., the
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Table 1 Baseline characteristics
of the study population Men Women P Total study
population
Subjects [n (%)] 36 (21) 137 (79) <0.001 173 (100)
Age (year) 83.9 (7.0) 84.3 (6.9) 0.75 84.2 (6.9)
<85 years [n (%)] 22 (61) 68 (50) 0.22 90 (52)
> 85 years [1n (%)] 14 (39) 69 (50) 83 (48)
Body mass index (kg/mz) 247 (3.2) 24.2 (4.6) 0.51 24.3 (4.3)
Normal weight (<25 kg/mz) [n (%)] 23 (64) 83 (61) 0.72 106 (61)
Overweight (>25 kg/m?) 13 (36) 54 (39) 67 (39)
Charlson comorbidity index (score 0-37) [n (%)] 3.4 (2.6) 2.4 (1.6) 0.005 2.6 (1.9)
<3 [n (%)] 16 (44) 74 (55) 0.27 90 (53)
>3 [n (%)] 20 (56) 61 (45) 81 (47)
Living condition
At home [n (%)] 29 (81) 105 (77) 0.62 134 (77)
Assisted living/nursing home [n (%)] 7 (19) 32 (23) 39 (23)
Mini-mental state examination (score 0-30) 24.4 (4.3) 24.8 (3.5) 0.53 24.7 (3.7)
<25 [n (%)) 14 (39) 58 (42) 0.71 72 (42)
>25[n (%)] 22 (61) 79 (58) 101 (58)
25-OH vitamin D status (ng/mL) 12.6 (8.1) 12.6 (8) 0.97 12.6 (8.0)
Severe deficiency (< 10 ng/mL) [1 (%)] 15 (43) 61 (46) 0.75 76 (45)
Deficient (<20 ng/mL) [n (%)] 26 (74) 109 (82) 031 135 (80)
Timed Up and Go test (s) 653 (454) 669(583) 0.89 66.6 (55.8)
Knee extensor strength of non-operated leg (kgf) 18.7 (9.2) 13.6 (5.0) <0.001 14.7 (6.4)
Knee flexor strength of non-operated leg (kgf) 10.8 (3.9) 8.9 (2.9) 0.002 9.3(3.2)
Grip strength of dominant hand (kPa) 41.1 (16.7) 27.2 (12.7) <0.001 30.0 (14.7)
Subjective physical functioning rating (score 0—100) 65.2 (28.3) 55.2 (28.1) 0.07 57.2 (28.3)

Data are crude means (SD) or n (%). Differences between men and women were assessed by using Student’s ¢ test
for continuous variables and a x 2 test for categorical variables. P values are two-sided and uncorrected. Statistical

significance is set at P <0.05

kgfkilogram force, with 1 kgf=9.80665 Newton, kPa kilopascal, P probability value, SD standard deviation

change in performance between subgroups over time, inde-
pendent of the baseline performance, for both objective
(TUG) and subjective (SPF) lower extremity function, pa-
tients < 85 years, those living at home prior to the hip fracture,
and those with MMSE > 25 recovered better over 12 months
than patients of the respective other subgroup. For the three
muscular strength tests KES, KFS, and GS, men and patients
< 85 years recovered better within 12 months than women and
patients > 85 years.

Objective functional recovery

TUG (Supplementary Fig. 1). At 6 and 12 months, patients <
85 years (P < 0.01) and patients living at home prior to the hip
fracture (P <0.01), performed absolutely better in the TUG
than patients > 85 years and patients living in assisted facilities
or a nursing home. Over time, patients > 85 years recovered
better in the TUG than patients < 85 years between baseline
and 6 months (P,ge x 1ime=0.0002), whereas between 6 and
12 months patients < 85 years still improved while patients >

85 years got worse (Pyge x time = 0.0006). Moreover, patients
living at home prior to the hip fracture recovered better in the
TUG between baseline and 12 months than patients living in
assisted facilities or a nursing home (Piiving x time <0.0001),
and patients with MMSE > 25 recovered better between base-
line and 6 months than patients with MMSE <25 (PyumsE
time < 0.03). Finally, patients with a 25(OH)D status > 10 ng/
mL recovered better in the TUG than patients with < 10 ng/
mL 25(OH)D status between 6 and 12 months (Pjycraction =
0.02).

KES (Supplementary Fig. 2). At 6 and/or 12 months, men
(P<0.0001), patients <85 year (P<0.01), patients with
BMI>25 (P<0.01), patients living at home (P <0.05), or
patients with MMSE >25 (P <0.001) had absolutely higher
KES than women and patients > 85 years, patients with BMI
<25, patients living in assisted facilities or a nursing home,
and patients with MMSE < 25. Over time, recovery in KES
between subgroups was only significantly better among men
between baseline and 6 months compared to women (Pgender x
time = 0.005).
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Fig.1 Temporal profiles of performance in the a Timed Up and Go test, b
knee extensor strength (kgf, 1 kgf=9.81 Newton), ¢ knee flexor strength
(kgf, 1 kgf=9.81 Newton), and d hand grip strength, in older adults
>65 years after hip fracture (n=173). Values are adjusted mean values
(LSM + SE) from multivariable linear mixed models adjusted for the
treatment group of the original intervention trial and an interaction term
for treatment by time, as well as for age, gender, and body mass index (kg/
m?), Charlson comorbidity index (score 0-37), living situation (at home

KFS (Supplementary Fig. 3). At 6 and 12 months, men
(P<0.001) and patients < 85 years (P <0.0001), patients liv-
ing at home (P<0.001), or patients with MMSE >25
(P<0.001) had absolutely higher KFS than women and pa-
tients > 85 years, patients living in assisted facilities or a nurs-
ing home, or patients with MMSE < 25. Over time, recovery
in KFS between subgroups was only significantly better
among men between baseline and 6 months compared to
women (Pgender x time < 0.0001) as well as for patients <
85 years between 6 and 12 months compared to patients >
85 years (Pyge x time = 0.02), and for patients with MMSE >25
between baseline and 12 months compared to patients with
MMSE <25 (PMmusE x time = 0.05).

GS (Supplementary Fig. 4). At 6 and 12 months, men
(P<0.0001) and patients <85 years (P <0.0001), patients
living at home (P<0.001), or patients with MMSE >25
(P <0.05) had absolutely higher GS than women, patients >
85 years, patients living in assisted facilities or a nursing
home, or patients with MMSE < 25. Over time, GS worsened
over the 12 months, however, with the decrease in GS be-
tween subgroups being only significantly larger among wom-
en compared to men (Pgender x time = 0.007) and patients >
85 years compared to patients < 85 years (Page x time=0.03)
between 6 and 12 months.
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vs. assisted living/nursing home), total score of the mini-mental state
examination (score 0-30), and blood 25-OH vitamin D concentration at
baseline. Baseline measurements (month 0) were performed on days 1-12
after hip fracture surgery. LSM, least square mean (an adjusted mean
value of an outcome variable; i.e., the originally observed mean value
of an outcome variable was adjusted for the influence of possible con-
founders stated in the description of the model adjustments above); SE,
standard error

Subjective functional recovery

SPF (Supplementary Fig. 5). At 3, 6, 9, and 12 months (for
age subgroups at 3 and 12 months only), men (P < 0.05),
patients <85 years (P<0.01), patients living at home
(P<0.0001), or patients with MMSE >25 (P < 0.05) had ab-
solutely higher ratings of SPF than women, patients > 85 years,
patients living in assisted facilities or nursing homes, or pa-
tients with MMSE < 25. Over time, recovery in SPF between
subgroups over 12 months was only significantly better
among patients <85 years (Pyge x time = 0.01), those living at
home prior to the hip fracture (Piiying x time = 0.005), and those
with MMSE > 25 (PmusE x time = 0-005) than among patients
> 85 years, patients living in assisted facilities or a nursing
home, or patients with MMSE < 25.

Discussion

In this prospective study after acute hip fracture, objective
lower extremity function measured by the TUG, KES, and
KFS improved significantly in the first 6 months after hip
fracture, but no more thereafter. Similarly, SPF measured by
the SF-36 improved significantly from 3 to 9 months after hip
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Fig. 2 Temporal profiles of ratings of subjective physical functioning in
older adults > 65 years after hip fracture (n=173). Values are adjusted
mean values (LSM + SE) from multivariable linear mixed models
adjusted for treatment group of the original intervention trial and an
interaction term for treatment by time, as well as for age, gender, and
body mass index (kg/mz), Charlson comorbidity index (score 0-37),
living situation (at home vs. assisted living/nursing home), total score
of the mini-mental state examination (score 0-30), and blood 25-OH
vitamin D concentration at baseline. Baseline measurements (month —
1) refer to the month preceding the hip fracture surgery. LSM, least square
mean (an adjusted mean value of an outcome variable; i.e., the originally
observed mean value of an outcome variable was adjusted for the influ-
ence of possible confounders stated in the description of the model ad-
justments above); SE, standard error

fracture, but no more thereafter. By contrast, objective upper
extremity function measured by GS decreased continuously
from baseline to 12 months. In subgroup analysis, younger
age (< 85 years), living at home prior to the hip fracture, and
having a better cognitive function (MMSE > 25) was advan-
tageous for better recovery after hip fracture for both objective
(TUG) and subjective (SF-36) lower extremity function. Men
and younger patients (age < 85 years) also recovered better
with regard to muscle strength including GS as well as KES
and KFS.

In line with our findings, the majority of previous studies
reported the time frame of significant improvement in lower
extremity function after hip fracture to be within the first 6 months
of follow-up [21, 23, 42]. Depending on the specific area of
function, however, this time frame has also been reported to
range from 3 months [43] or 4 months [10, 22], and up to
9 months [23] and 12 months [10] after hip fracture. Based on
our study of a sample of 173 acute hip fracture patients, func-
tional recovery of objective measures of lower extremity function
after hip fracture may be complete by 6 months, while recovery
of SPF appeared to extend up to 9 months, or may take up to
12 months or even longer based on other studies [24, 44].

Regarding the individual objective functional tests applied
in our study, we found improvement after hip fracture for all
objective functional tests but GS. This finding is in contrast to
previous studies that reported GS as a good indicator for the
ability to walk and an excellent correlate of lower limb
strength [44-46] among hip fracture patients. In support of

our finding, however, also Felicio et al. [47] did not find im-
portant correlations between GS and KES or KFS in
community-dwelling older women unselected for hip fracture.

To date, no consensus has been reached regarding the fre-
quency and timing of physiotherapy to maximize functional
recovery after hip fracture surgery [28]. While early physio-
therapy may be most beneficial due to its immediate preven-
tion of functional decline [28], a strength training program
may be more effective and better tolerated several weeks after
the fracture when patients are past frequent physical (i.e., in-
fections) and cognitive (i.e., delirium) postoperative compli-
cations [48]. Moreover, for high-intensity strength exercise
where certain functional recovery has to occur first, patients
may also benefit if applied after the first 6 months of recovery.
Our study suggests that objective recovery of lower extremity
function may already be complete within the first 6 months
after fracture. Thus, based on these findings for objective
functional recovery, interventions to improve recovery after
hip fracture may be most effective if initiated early and before
6 months after the hip fracture repair, and interventions that
target a timeline after the first 6 months may not be recom-
mended. Our additional information on SPF, however, sug-
gests that initiation of interventions may still be useful be-
tween 6 and 9 months after hip fracture repair, as SPF im-
proved from 3 to 6 months and 6 to 9 months follow-up,
and may also indicate that not all aspects of subjectively per-
ceived functional recovery are captured by individual objec-
tive functional recovery measures.

Conceptually, if, e.g., a specific objective physical function
measure reaches its peak recovery earlier than a self-reported
physical function measure, this may indicate that the percep-
tion of the recovery of the specific objective function starts
only with a time delay and/or that also other objective physical
functions reaching their peak later may have contributed to the
overall subjectively perceived progress in functional recovery.
On the other hand, if a subjectively perceived function mea-
sure reaches its peak earlier than a specific objective function
measure, this may indicate that the further improvement in the
objective function was not relevant for the subjectively per-
ceived functional recovery. Dependent on the specific re-
search questions, it may therefore be appropriate to (1) mea-
sure specific objective recovery measures only (if the recovery
of specific objective measures is considered more important
than the subjectively perceived recovery), (2) measure subjec-
tive recovery only (if the perceived recovery and thus well-
being of the person is considered more important than the
actual objective physical recovery), or (3) measure both (if
the aim is to get an overall picture of the objective and sub-
jective recovery process as an overall continuum) [30].

Our study has several strengths. First, we were able to take
advantage of a clinical trial that assessed both objective and
subjective measures of functional recovery in a highly stan-
dardized way. Second, our results show high consistency
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between standardized tests of lower extremity function, as
well as with our measure of subjective lower extremity func-
tion. Third, our study population with a mean age of 84 years
and an enrollment of both community-dwelling (70%) and
institutionalized (30%) patients is likely representative of an
older hip fracture population.

Our study also has limitations. As we have no assessment
of objective lower extremity function between baseline (dur-
ing acute care) and before 6 months follow-up, we lack further
details on the early phase of function recovery. However, from
our additional assessments of SPF (SF-36) at 3 and 9 months
follow-up, we do have an indication that patients may improve
significantly between 3 to 6 and 6 to 9 months follow-up.
Thus, training programs initiated between 3 and 9 months
after the hip fracture may be beneficial. Another limitation is
that baseline SPF had to be assessed retrospectively as we
recruited participants during acute care of their hip fracture.

In summary, our study provides a consistent signal across
three objective measures of lower extremity function (TUG,
KES, and KFS) that objective recovery of lower extremity
function after hip fracture may be complete after 6 months
follow-up, while recovery of SPF may extend up to 9 months.
Our study also suggests that younger patients (<85 year),
those living at home prior to their hip fracture, and those with
better cognitive function will have better recovery of their
lower extremity function, both objectively (TUG) and subjec-
tively (SF-36). Additionally, men may have an advantage over
women to regain their upper and lower extremity strength.

Conclusions

Objective functional recovery after hip fracture may be largely
complete in the first 6 months, whereas subjective functional
recovery may extent up to 9 months after fracture.
Rehabilitation of lower extremity function may therefore be
most effective if initiated in the first 6 to 9 months after hip
fracture, while a later initiation may miss the early window of
opportunity where most changes in function can be expected.
This may be most important for the oldest-old, women, those
living in institutions prior to their hip fracture, and those with
reduced cognitive function, as they are prone to recover most
poorly from their hip fracture.
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