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Abstract
Summary At present, most hip fracture patients are treated in
orthopaedic wards. This study showed that a relatively short
hospital intervention based on principles of comprehensive
geriatric assessment resulted in safer and more efficient gait
as long as 1 year following the fracture as compared to con-
ventional orthopaedic treatment.
Introduction Hip fracture patients are frail, and the fracture is
usually followed by substantial decline in gait function. Few
studies have assessed gait characteristics other than gait speed
and knowledge about the effect of early intervention on long-
term gait outcome is sparse. The purpose of this study was to
evaluate the long-term effect of pre- and post-surgery Com-
prehensive Geriatric Care (CGC) on ability to walk, self-
reported mobility and gait characteristics in hip fracture
patients.
Methods Two armed, parallel group randomised controlled
trial comparing CGC to conventional Orthopaedic Care
(OC) in pre- and early post-surgery phase. Hip fracture pa-
tients (n=397), community-dwelling, age >70 years and able
to walk at time of the fracture were included. Spatial and
temporal gait characteristics were collected using an

instrumented walkway (GAITRite® system) 4 and 12 months
post-surgery.
Results Participants who received CGC had significantly
higher gait speed, less asymmetry, better gait control and more
efficient gait patterns, more participants were able to walk and
participants reported better mobility 4 and 12 months follow-
ing the fracture as compared to participants receiving OC.
Conclusions Pre- and post-surgery CGC showed an effect on
gait as long as 1 year after hip fracture. These findings under-
score the importance of targeting the vulnerability of these pa-
tients at an early stage to prevent gait decline in the long run. As
presently, most hip fracture patients are treated in orthopaedic
wards with larger focus on the fracture than on frailty, these
results are important to inform newmodels for hip fracture care.

Keywords Comprehensive geriatric care . Frailty . Gait . Hip
fracture

Introduction

Safe and efficient gait is crucial for autonomy and quality of
life in old age. Hip fractures are associated with a substantial
decline in gait and represent a severe threat to health and
wellbeing for older people. Hip fracture incidence rises expo-
nentially with increasing age, with a reported residual life time
risk in women older than 60 years of 44 % [1, 2]. With ad-
vances in surgical techniques, almost full recovery could be
expected following a hip fracture. However, less than half of
the hip fracture patients return to their prior level of function
and the decline in health-related quality of life is considerable
and long lasting [3]. Two years after a hip fracture, gait speed
is considerably lower than in community-dwelling women at
the same age [4]. Furthermore, a previous hip fracture is as-
sociatedwith an increased risk of new falls and injuries [5] and
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up to 90 % loose independence in daily tasks involving walk-
ing [6]. It remains unclear why there should be such a dispro-
portionately large decline in gait function following a hip frac-
ture, and there is also a lack of consensus about content and
timing of interventions to maximise recovery of gait [7].

Frailty is defined as a state of vulnerability, an age-related
increased risk of functional decline due to global deficiency of
physiological reserves and reduced ability to respond ade-
quately to stressors [8]. Hip fractures are closely related to
reduced health and function [9–12], and a recent study report-
ed about two thirds of hip fracture patients to be classified with
moderate or high levels of frailty [13].

This suggests that older people who sustain hip fractures
are especially vulnerable and at high risk of functional decline
caused by inability to respond adequately to the strain the
injury represents. Comprehensive Geriatric Care is a multidi-
mensional and multidisciplinary approach targeting frailty.
The long-term effect on function in geriatric patients is well
documented [14], and similar approaches have been shown to
improve outcomes also in hip fracture patients [15]. However,
the knowledge is sparse concerning the long-term effect of
early comprehensive geriatric care on the recovery of gait,
and few intervention studies in hip fracture patients have in-
cluded measures of gait characteristics beyond gait speed.

Gait is not a unitary concept. Relatively independent do-
mains of gait (pace, rhythm, variability, postural control and
asymmetry) have been identified [16], and age-related chang-
es in spatial and temporal gait characteristics have been linked
to reduced gait control and efficiency in older people [17].
Increased knowledge on the effect of various interventions
on specific gait characteristics may contribute to the develop-
ment of better targeted and more effective treatment and reha-
bilitation models in the future.

We have recently performed the Trondheim Hip Fracture
Trial, a randomised controlled trial primarily designed to test
the effect of being treated in an orthogeriatric versus an ortho-
paedic ward on mobility 4 and 12 months after the fracture.
The main paper from the trial has been published [18]. The
current paper reports secondary outcomes on gait not reported
earlier and have the following aims: to compare long-term
effect of pre- and post-surgery Comprehensive Geriatric Care
(CGC) vs. conventional Orthopaedic Care (OC) on ability to
walk, self-reported mobility and gait characteristics.

Method

Design overview

The Trondheim Hip Fracture Trial is a single centre, prospec-
tive, two armed, block randomised, parallel group, controlled
trial. The present study on gait was a part of the Trondheim

Hip Fracture Trial and included all patients in the main study,
including those who lost ability to walk during follow-up.

Setting and participants

The study took place at St. Olav University Hospital from
April 2008 to December 2010. St. Olav is the regional hospital
for the population of Sør-Trøndelag with 302,000 inhabitants
and performs about 400 surgical procedures related to hip
fractures each year. The geriatric evaluation and management
ward has existed since 1994 and has been shown to be effec-
tive in reducing mortality and in increasing number of acutely
sick and frail older patients living at home [19–21]. Between
2008 and 2011, five out of 15 beds in the department were
dedicated to hip fracture patients, in order to evaluate the
effect of the new service delivery model. In Norway length
of hospital stay after a hip fracture is restricted to the acute and
sub-acute phase, and patients are typically transferred to a
rehabilitation institution or a nursing home within a few days
after surgery.

This study was powered to detect group difference in the
primary outcome of the Trondheim Hip Fracture Trial, the
Short Physical Performance Battery. Expecting a drop-out rate
of 20 %, with α level of 0.05 and 80 % power, 380 patients
were needed to confirm a clinically meaningful difference of 1
point between groups on the Short Physical Performance Bat-
tery 4 months after the fracture [22].

Inclusion criteria were confirmed hip fracture (ICD-10
72.0–72.2), age 70 years or older, able to walk 10 m prior to
the hip-fracture and being community-dwelling at time of the
fracture. Exclusion criteria were life expectancy less than
3 months, pathological fractures and high energy trauma.

Randomisation and interventions

Randomisation was performed using a web-based
computerised randomisation service developed by and admin-
istrated from the Unit of Applied Clinical Research at the
Norwegian University of Science and Technology (NTNU).
A computer generated randomisation sequence was prepared
by the Unit of Applied Clinical research and kept sealed until
inclusion was closed and the data analysis plan finalised.

All patients with a confirmed hip fracture were approached
by a nurse in the emergency room. If confirmed eligible, in-
formed written consent was collected from the patient or the
next of kin. Once included in the trial, the staff in the emer-
gency room accessed the web-based computer programme.
The programme randomly assigned patients to receive pre-
and post-surgery CGC or orthopaedic care OC in a ratio of
1:1. Patients were transferred directly to the allocated ward for
pre-operative care.

Patients were allocated to either conventional OC in an
orthopaedic ward or CGC in a geriatric ward. Both pre- and
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postoperative care was provided at the allocated ward. Details
of the intervention are described elsewhere [23]. In short,
CGC is based on multidimensional assessment of somatic
and mental health, mobility, ADL and social situation using
standardised assessment protocols resulting in an
individualised treatment and rehabilitation plan. The interven-
tion was delivered by a multidisciplinary team consisting of
geriatricians, physiotherapists, occupational therapists and
registered and assistant nurses specialised within geriatric
medicine. The care had specific focus on early mobilisation
and rehabilitation. Short- and long-term goals were set for
each patient in collaboration between the patient, next of kin
and the team and were based on prefracture function, home
condition, cognitive function and current medical condition.
Evaluation of progress and adjustment of goals and treatment
plan were performed continuously during formal meetings in
the team. Discharge planning was focused from day 1 post-
surgery and involved next of kin and primary health care if
necessary. Physiotherapy within 2 weeks after discharge or a
home-based rehabilitation team following the patient from
discharge was arranged for all patients who went directly
home. All patients discharged to rehabilitation institutions or
nursing homes were followed by a report including the results
of the geriatric assessment, description of progress and expect-
ed prognosis.

In the geriatric ward, the hip fracture patients were
clustered in a separate unit with five single-bed rooms
dedicated to older fracture patients and staffed with ded-
icated personnel. Physical environments were facilitated
with regards to delirium prophylaxis. Ward routines
were developed to enhance physical activity with a spe-
cific focus on splitting up long periods of sitting and
lying. Meals were served in the dining room instead of
the patient rooms, and patients were encouraged to use
the communal areas.

Daily evaluations of need for physiotherapy were part
of the routine. Patients that did not progress as expected
according to the care plan were given higher priority, as
were patients with special challenges like restrictions on
weight bearing. Exercises performed during the hospital
stay, instructions for a home-based exercise programme
and written information provided by the physiotherapist
were based on procedures from the orthopaedic depart-
ment. In addition, goals and plans for mobilisation and
training of activities of daily living, including progres-
sion, were described as part of the care plan and evaluated
continuously. Mobilisation and practicing relevant daily
activities were a common responsibility for the team,
commonly performed in collaboration between physio-
therapists and nurses in the beginning, and then managed
by the care personnel as routines and methods were
established. Beyond this, there was no additional focus
on specific exercises aimed to improve gait control.

Patients in the orthopaedic ward received conventional care
according to national and international standards, including
mobilisation within 24 h post-surgery [23]. Hip fracture pa-
tients stayed in a mixed unit with orthopaedic trauma patients.
Geriatricians acted as consultants on request in a few patients.
Physiotherapy was routinely requested for all patients and
delivered by physiotherapists who were organised in a sepa-
rate unit serving several departments. There was no structured
multidisciplinary collaboration or regular meetings for com-
mon goal setting and information about individual patients
was passed informally. Physiotherapy included the same ex-
ercise programme, instruction in home exercises and written
information as in the geriatric ward. The physiotherapists had
the main responsibility for practicing walking and adjusting
walking aids. Prioritising of patients was based on the indi-
vidual physiotherapist’s evaluation of the patient’s potential.
Discharge planning was mainly the responsibility of the nurse.
Patients discharged directly to their homes were provided a
requisition for physiotherapy and had to arrange for appoint-
ments on their own. Patients discharged to institutions were
followed by a short medical report.

Number of staff per patient bed was higher in the geriatric
ward as compared to the orthopaedic ward; nurses 1.67 vs.
1.48, doctors 0.13 vs. 0.11, physiotherapists 0.13 vs. 0.09 and
occupational therapist 0.13 vs. 0.0 [18].

Outcomes and follow-up

Assessments at 4 and 12 months were performed at the geri-
atric outpatient clinic at the hospital. Assessments were per-
formed by assessors not involved in the patient care. Blinding
was not possible for staff that provided the intervention, study
participants or assessors during the hospital stay. Assessments
performed after discharge were performed without knowledge
of group allocation, but with some assessments performed by
the same assessors both in hospital and at follow-ups. A
standardised test battery, fixed protocols, procedures and in-
structions were used to minimise the influence of the assessor.
Data processing and the first data analysis were performed
blinded for group allocation.

Gait characteristics were measured over an 8 m (4.88 m
active area) instrumented walkway, the GAITRite® mat (CIR
systems Inc. Havertown, PA). Participants walked back and
forth at self-selected preferred speed, starting from a standing
position. Walking aids were permitted only when the partici-
pants were unable to walk without an aid.

A large number of gait variables can be extracted from the
GAITRite system. Gait speed is regarded an indicator of over-
all health and function, sensitive to change in function and
recommended to use as outcome in frail populations [24]. To
cover aspects of gait beyond gait speed, the following gait
variables were selected; speed and step length to represent
pace; cadence, double support time and percentage of single
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support to represent rhythm; step width and walk ratio (step
length/cadence) [25, 26] to represent postural control; stan-
dard deviation of step velocity to represent gait variability
and single support asymmetry to represent gait asymmetry.

A relatively large proportion of patients was expected to
either die, loose their ability to walk or be unable to perform a
full gait assessment during the follow-up period. It was
deemed important to be able to describe the full range of
participants according to gait function, and therefore, partici-
pants who were not able or unwilling to attend the outpatient
clinic were offered a home visit with a reduced test protocol
including a 4-m gait speed test, but not the GAITRite assess-
ment. Accordingly, five participant categories would be pres-
ent at each follow-up: (1) those performing the GAITRite
assessment, (2) those performing a reduced protocol including
the 4-m gait speed test, (3) those unable to walk, (4) those
deceased within the follow-up period and (5) drop-outs.

Pre-fracture function was assessed through recall from the
patient or next of kin using the Barthel Index [27], the Not-
tingham E-ADL scale [28] and the Clinical Dementia Rating
scale [29]. Independence in mobility 4 and 12 months post-
surgery was assessed by the mobility subscale of the Notting-
ham E-ADL scale.

Statistical analysis

Data from the GAITRite mat were processed using the
PKmas® (ProtoKinetics, Havertown, PA) software, which is
a new programme developed to improve the processing of
difficult footstep patterns from electronic gait mats. Outcomes
derived from the PKmas and the GAITRite software have
been shown to be comparable at group level for most variables
[30]. Means, standard deviations and left/right ratio of steps
were calculated by the software and exported to Microsoft
Excel® for further calculations of walk ratio (step length/ca-
dence) and single support asymmetry: 100x|ln(left/right)| [31].
For the variability measures, standard deviations of the gait
variables for left and right sides were calculated separately and
then averaged to avoid an effect of asymmetry on the variabil-
ity outcomes.

The intervention had the potential to affect the number
of patients who ended up in each of the five predefined
categories, and consequently, it was important to investi-
gate to which extent missing data were informative or not.
Our approach was to first characterise the differences in
pre-fracture function between the five participant catego-
ries. We then conducted two analyses: a primary analysis
where we transformed the data into ordinal scaled data
and included participants who had lost their ability to
walk, and a secondary complete case analysis based on
the continuously scaled data. In the primary analysis, con-
tinuously scaled data were transformed into a 1–4 point
ordinal scale using cut points based on quartiles for the

OC-group. Participants unable to walk were provided a
value of zero which resulted in a five point scale, with
higher scores indicating better function. We then per-
formed a sensitivity analysis where people who died dur-
ing follow-up were added to the category of zero.

All statistical analyses were performed using SPSS Inc.
(SPSS Statistics for Windows, Version 21.0. Chicago:
SPSS Inc.). Descriptive statistics are reported as means
and standard deviations. Normality of gait variable distri-
butions was checked by inspection of Q-Q plots and by
the Kolmogorov-Smirnov test. Most gait variables had a
skewed distribution, and the nonparametric Mann–Whit-
ney U test was therefore used to test for group differences.
Outcomes are reported as median and interquartile range.
Differences in outcomes between participants with com-
plete and missing data were tested with a one-way
ANOVA, using the post hoc Gams-Howell test. Group
differences for categorical variables were tested by
Pearson’s chi-square test.

Table 1 Sample characteristics and prefracture function according to
allocation

CGC (N=198) OC (N=199)

Age at baseline (years) 83.4 (5.4) 83.2 (6.4)

Women 145 (73 %) 148 (74 %)

Living alone 115 (58 %) 124 (62 %)

Hip fracture fall indoorsa 135 (73 %) 140 (75 %)

Intracapsular fracture 119 (60 %) 127 (64 %)

Extracapsular fracture 79 (40 %) 70 (35 %)

Arthroplasty (Intracapsular)b 76 (64 %) 88 (69 %)

Weight restrictionsc 17 (9 %) 20 (10 %)

Prefracture gait function:

Indoord Independent 140 (73 %) 151 (79 %)

Rollator 50 (26 %) 41 (21 %)

Outdoore Independent 119 (64 %) 126 (69 %)

Rollator 57 (31 %) 56 (31 %)

Wheelchair 9 (5 %) 10 (6 %)

Prefracture function:

Nottingham E-ADL (0–66)f 42.5 (17.7) 41.9 (17.5)

Barthel Index (0–20)f 18.3 (2.3) 18.1 (2.8)

Clinical Dementia Rating Scale (0–18)g 2.7 (3.9) 2.7 (3.9)

CGC comprehensive geriatric care, OC orthopedic care. Data are num-
bers (%) or means (SD)
a Data available for 186 (CGC) and 188 (OC) participants
b Proportion of intracapsular fractures operated with arthroplasty com-
pared to osteosynthesis/bone screws
cNumber of participants with partly restrictions on weight bearing
dData available for 190 (CGC) and 192 (OC) participants
e Data available for 185 (CGC) and 182 (OC) participants
f Data available for 195 (CGC) and 192 (OC) participants
g Data available for 184 (CGC) and 173 (OC) participants
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Results

A total of 397 participants were randomised between April
18th, 2008 and 30th of December, 2010. Prefracture function
and sample characteristics according to allocation are present-
ed in Table 1 and show that treatment arms were comparable.

The length of stay was slightly longer in the geriatric ward:
12.6 (SD 0.4) vs. 11.0 (SD 0.5) days in the orthopaedic ward.
Preoperative waiting time (29.0 (SD 23.3)h) was similar for
the OC and the CGC group. More patients in the CGC group
were discharged directly home: 25 % as compared to 11 % in
the orthopaedic group [20].

Patient flow through the study is described in Fig. 1. Two
hundred and fifty-four participants (64 %) at 4 months and
228 participants (57 %) at 12 months underwent gait assess-
ment with the GAITRite system.

Table 2 shows pre-fracture function according to the five
participant categories present at 12 months follow-up and il-
lustrates that participants who performed a reduced protocol,
were unable to walk or had deceased, had poorer prefracture
function as compared to participants who performed the
GAITRite assessment. Prefracture function for those unable
to walk at 12 months and prefracture cognitive function
among drop-outs tended to be lower in the OC-group as com-
pared to the CGC-group, indicating that data were not missing
at random.

Significantly more participants in the CGC group were able
to perform either the GAITRite or the 4-m gait speed test both
at 4 months (p=0.049) and at 12 months (p=0.005). At
12 months, 63 % (124/198) of participants in the CGC group
and 52% (104/199) in the OC group performed the GAITRite
assessment (p=0.037). In the CGC group, 80% (99/124) were
able to walk without walking aids during the test, while 69 %

20 reduced protocol 
9 unable to walk

29 dead 
16 no data on gait

14 reduced protocol
16 unable to walk
37 dead
28 no data ongait 

12 months

122 with GAITRite 
assessment

124 with GAITRite 
assessment

104 with GAITRite 
assessment

27 reduced protocol 
7 unable to walk 

19 died
13 no data on gait

21 reduced protocol  
21 unable to walk  
21 died
14 no data on gait

4 months

397 randomized 

198 in geriatric ward 199 in orthopedic ward

1077 assessed for eligibility 
680 excluded:
- 547 not meeting inclusion criteria

250 nursing home residents
154 < 70 years
30 terminal illness/unable to walk 
49 outside catchment area
64 other reasons

- 54 declined to participate
- 79 other reasons

132 with GAITRite 
assessment

Fig. 1 Flow chart. Gait
assessment
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(72/104) walked unsupported in the OC group, (p=0.065).
Among those unable to perform the GAITRite assessment,
10 % (20/198) in the CGC group and 7 % (14/199) in the
OC group were still able to perform the 4-m gait speed test
(p=0.275). In the OC group, 8 % (16/199) were unable to
walk and in the CGC group 5 % (9/198), (p=0.152). In the
OC group, 19 % (37/199) had deceased within 12 months
compared to 15 % (29/198) in the CGC group (p=0.291). In
the OC group, 14% (28/199) had withdrawn compared to 8 %
(16/198) in the CGC group (p=0.057).

At 4 months, the proportion unable to walk was 4 %
(7/198) in the CGC-group and 11% (21/199) in the OC group,
p=0.006. The proportion able to walk without walking aids
during the test was 81 % (107/132) in the CGC group and
66 % (80/122) in the OC group, p=0.006.

The primary analysis showed better gait characteristics at
both 4 and 12 months in the CGC group compared to the OC
group, for all gait variables except variability (Table 3). These
results did not change when including the deceased in the
analysis. A complete case analysis provided similar results
as for the primary analysis for the 12 months data, but did
not reach significance level at 4 months.

Table 4 shows higher scores on the mobility sub-scale of
the Nottingham E-ADL scale at 12 months and a tendency
towards more participants reporting walking independently
both in- and outdoor in the CGC group as compared to the
OC group.

Adverse events

Mortality rates were closely monitored according to
predefined criteria [24]. No adverse events were reported.

Discussion

This study aimed to evaluate the long-term effect of CGC on
gait 4 and 12 months following hip fracture. To our knowl-
edge, this is the first clinical trial assessing the effects of inter-
vention on other gait characteristics than gait speed in hip
fracture patients. We found that more participants in the
CGC group preserved their ability to walk, that gait character-
istics indicated better gait control and efficiency and that par-
ticipants reported better mobility as compared to the OC group
as long as 1 year following the fracture as a result of a rela-
tively short intervention focusing on interdisciplinary
management.

Group differences in pace and rhythm, i.e., lower gait
speed, shorter steps and longer double support time, indicate
reduced gait control and higher fall risk [32] in the OC group 4
and 12 months following the fracture. Reduced walk ratio and
increased step width further suggest that participants in the
OC group have reduced postural control and use moreT
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compensating strategies to secure gait as compared to the
CGC group [33, 34]. These compensating strategies are asso-
ciated with higher energy costs of walking [35, 36]. High
energy costs of walking are related to activity avoidance and
reduced function [37] and could be part of the explanation
why participants in the CGC group reported better quality of
life and more independence in daily life activities [18]. Persis-
tent asymmetry in weight loading and in quadriceps strength
has been found in hip fracture patients [38] and has been used
as an argument for the relevance of early and high dose pro-
gressive strength training in hip fracture patients [39]. Our

results suggest that targeting frailty in an early stage has a
long-term effect on gait asymmetry.

The mean group difference of 0.08 m/s in gait speed at
12 months is below the 0.1 m/s that is regarded as a clinically
meaningful difference in gait speed [40]. However, a higher
proportion of participants in the CGC group performed the
gait assessment at 12 months. Prefracture function indicate
that it was the participants with low prefracture function that
were lost to follow-up in the OC group, thereby likely
resulting in an attrition bias. In addition, more participants in
the OC group were using walking aids as they were not able to

Table 3 Group differences in gait characteristics

Ordinal scale analysis (0–4)a Complete case analysisb

Median (IQR) Median (IQR)

CGC OC u z p value Effect size CGC OC p value

4 months: n=139 n=143 n=282 n=132 n=122 n=254

Pace:

speed(m/s) 3 (2–4) 2 (1–3) 8180.5 −2.632 0.008* 0.17 0.65 (0.38) 0.57 (0.38) 0.142

Step length (cm) 3 (2–4) 2 (1–3) 8272.0 −2.495 0.013* 0.16 42.48 (17.96) 38.12 (18.9) 0.113

Rhythm:

Cadence(steps/min) 3 (1–4) 2 (1–3) 8702.0 −1.850 0.064 0.11 92.3 (26.4) 89.2 (25.9) 0.469

Double support time (msec) 3 (1–4) 2 (1–3) 7900.5 −3.053 0.002* 0.19 461 (294) 538 (285) 0.135

Single support (%) 3 (2–4) 2 (1–3) 7718.5 −3.328 0.001* 0.21 32.7 (6.8) 30.1 (7.8) 0.057

Variability:

SD step velocity (cm/s) 2 (2–3) 2 (1–3) 8673.0 −1.894 0.058 0.20 4.19 (1.78) 4.25 (1.91) 0.735

Postural control:

Step width(cm) 3 (2–4) 2 (1–3) 7969.5 −2.952 0.003* 0.19 8.3 (5.4) 8.8 (5.0) 0.129

Walk ratio (steps/cadence) 3 (1–4) 2 (1–3) 8304.0 −2.448 0.014* 0.16 0.46 (0.20) 0.44 (0.16) 0.266

Gait Asymmetry:

Single support asymmetry (%) 3 (1–4) 2 (1–3) 8276.0 −2.493 0.013* 0.16 8.2 (12.7) 9.2 (13.7) 0.247

12 months: n=131 n=120 n=251 n=124 n=104 n=228

Pace:

Speed (m/s) 3 (2–4) 2 (1–3) 6130.0 −3.271 0.001* 0.22 0.72 (0.36) 0.59 (0.32) 0.011*

Step length (cm) 3 (2–4) 2 (1–3) 5997.0 −3.509 <0.0001* 0.23 44.53 (16.5) 39.0 (17.2) 0.007*

Rhythm:

Cadence (steps/min) 3 (1–4) 2 (1–3) 6650.0 −2.347 0.019* 0.16 95.0 (21.5) 91.6 (19.8) 0.230

Double support time (msec) 3 (2–4) 2 (1–3) 6182.0 −3.180 0.001* 0.21 422 (216) 469 (227) 0.016*

Single support (%) 3 (2–4) 2 (1–3) 5844.0 −3.787 <0.001* 0.25 34.1 (4.8) 31.7 (5.5) 0.002*

Variability:

SD step velocity (cm/s) 2 (1–3) 2 (1–3) 7638.0 −0.603 0.547 0.04 4.58 (2.2) 4.35 (2.14) 0.668

Postural control:

Step width (cm) 3 (2–4) 2 (1–3) 6806.0 −2.071 0.038* 0.14 7.7 (5.4) 8.6 (5.4) 0.153

Walkratio (steplength/cadence) 3 (2–4) 2 (1–3) 6728.0 −2.209 0.027* 0.15 0.48 (0.14) 0.45 (0.17) 0.039*

Gait asymmetry:

Single support asymmetry (%) 3 (1–4) 2 (1–3) 6364.0 −2.848 0.004* 0.19 5.5 (9.0) 7.9 (11.2) 0.037*

a The primary analysis on the 5-point ordinal scale including the participants who were unable to walk
b The secondary complete case analysis based on continuously scaled data.

*Mann Whitney U test
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walk unassisted. The group difference is therefor most likely
underestimated which also may explain the relatively low ef-
fect sizes. Clinical relevance of the group differences is sup-
ported by the findings of a higher number of participants who
preserved ability to walk and better self-reported mobility in
the CGC group.

CGC is a complex multicomponent intervention and a
combination of factors can possibly explain the effects. Re-
sults from activity monitoring on day 4 post-surgery in the
Trondheim Hip Fracture Trial have been published earlier
and show higher activity level and activity being more spread
throughout the day in the geriatric ward [41]. These findings
suggest that mobilisation strategies were more successful for
the CGC group. The comprehensive assessment and the team
approach likely provided more structured and individualised
mobilisation and care of the patients and allowed for more
well-founded and planned prioritising of patients that needed
special attention, especially those with cognitive decline.
Lower prefracture cognitive function and ADL function in
the OC group among participants who lost ability to walk is
an indication that this strategy was successful and that CGC
resulted in more of the most vulnerable participants being able
to preserve the ability to walk. The organisation of physical
therapy as an external service in the orthopaedic ward may not
have allowed for the same systematic and coordinated ap-
proach and likely resulted in more ad hoc prioritising of pa-
tients and less total activity and less walking integrated in
daily life activities during the stay as compared to the geriatric
ward.

Returning home after a hip fracture is a critical phase asso-
ciated with lack of confidence and reduced participation [42].
A higher percentage of participants in the CGC-group was
able to return directly home. It is likely that patients receiving
CGC were more prepared for the home setting due to an ex-
plicit focus on progressive ADL training throughout the stay
and systematic early discharge planning that involved rela-
tives and primary care.

More staff resources and slightly longer length of stay in
the CGC group resulted in higher costs of the index stay.
However, cost-effectiveness analysis reported in the main pa-
per showed that despite increased costs of the index stay, CGC
is cost effective and has an 88% probability of being both less
costly and more effective than orthopaedic care in the long run
[18].

A limitation of this study is the lack of formal blinding.
However, the use of standardised tests and instructions should
reduce the risk of tester bias and there were indeed no indica-
tions of such, the same trends were found for data collected
through registers and from more objective data like activity
monitoring. Another limitation is the amount of participants
not able to perform the GAITRite assessment, which could
question the suitability of data from instrumented walkways
used as outcome in frail populations with an expected high
rate of loss to follow up. Our approach was to carefully regis-
ter reasons for inability to perform the test and invest effort to
obtain a minimum of data on gait by offering a home-based
test protocol for those unable to attend the outpatient clinic.
These procedures allowed for a relatively comprehensive and
detailed description of gait following hip fracture which has
not been presented earlier.

The strengths of this trial are the randomised controlled
design, the large sample size, few exclusion criteria, high re-
tention rate when taking the population into consideration and
a relatively long follow-up period.

Missing data is a general challenge in research on frail
populations, but it is important to recognise that patterns of
missing data could be informative as demonstrated in this
study. Our analysis of patterns of missing data indicated that
data were not missing at random and common methods like
multiple imputation could not be applied. Our analysis strate-
gy partly solved this problem by including a category of zero
for those unable to walk, but we were not able to account for
those performing only the reduced gait protocol, the drop-outs
or the higher percentage in the OC group who were unable to

Table 4 Self-reported gait
12 months following the fracture CGC OC p value

Walking aids:

Independent indoora 81 (55 %) 61 (45 %) 0.125

Independent outdoorb 66 (48 %) 43 (37 %) 0.075

Nottingham Mobility subscale (0–18)c 9.4 (6.4) 7.5 (6.3) 0.013

Independence in:

Outdoor mobilityc 89 (56 %) 60 (40 %) 0.015

Stairsc 93 (59 %) 73 (49 %) 0.195

Public transportationc 55 (35 %) 34 (23 %) 0.040

CGC comprehensive geriatric care, OC orthopedic care. Data are numbers (%) or mean (SD)
a Data available for 156 (CGC) and 136 (OC)
bData available for 137 (CGC) and 116 (OC)
c Data available for 158(CGC) and 149 (OC)
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walk without walking aids. Nevertheless, we believe we have
accounted for the most influential causes of bias, and if any
should remain, rather underestimated than overestimated the
treatment effect.

Conclusion

This randomised controlled trial demonstrates that CGC in-
cluding a team-based, structured and individualised approach
to mobilisation, resulted in better gait control, gait efficiency
and self-reported mobility as long as 1 year following the
fracture. These results underscore the close association of
health and gait functions and raise important issues
concerning how to maximise gait recovery after hip fracture.
Targeting the frailty of these patients in a very early stage
seems to reduce the initial decline in gait function and perhaps
make themmore susceptible to rehabilitation and exercise at a
later stage. Further research is needed to evaluate the added
effect of exercises programmes designed to target gait control
specifically.
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