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Abstract
Few older adults regain their pre-fracture mobility after a hip fracture. Intervention studies evaluating effects on gait typi-
cally use short clinical tests or in-lab parameters that are often limited to gait speed only. Measurements of mobility in daily 
life settings exist and should be considered to a greater extent than today. Less than half of hip fracture patients regain their 
pre-fracture mobility. Mobility recovery is closely linked to health status and quality of life, but there is no comprehensive 
overview of how gait has been evaluated in intervention studies on hip fracture patients. The purpose was to identify what gait 
parameters have been used in randomized controlled trials to assess intervention effects on older people’s mobility recovery 
after hip fracture. This scoping review is a secondary paper that identified relevant peer-reviewed and grey literature from 
11 databases. After abstract and full-text screening, 24 papers from the original review and 8 from an updated search and 
manual screening were included. Records were eligible if they included gait parameters in RCTs on hip fracture patients. We 
included 32 papers from 29 trials (2754 unique participants). Gait parameters were primary endpoint in six studies only. Gait 
was predominantly evaluated as short walking, with gait speed being most frequently studied. Only five studies reported gait 
parameters from wearable sensors. Evidence on mobility improvement after interventions in hip fracture patients is largely 
limited to gait speed as assessed in a controlled setting. The transition from traditional clinical and in-lab to out-of-lab gait 
assessment is needed to assess effects of interventions on mobility recovery after hip fracture at higher granularity in all 
aspects of patients’ lives, so that optimal care pathways can be defined.
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Introduction

The burden of hip fracture is high for the individual, the soci-
ety, and the healthcare system. Each year, there are 1.6 million 
hip fractures worldwide, with the projected estimates rising to 
6 million hip fractures by 2050 [1]. The global burden of hip 
fracture, one of the most serious consequences of osteoporosis 
[2], is estimated at 1.75 million disability adjusted life years 
lost [3], with high mortality, incident or aggravated disability, 
and need for long-term care [4, 5]. A hip fracture causes a 
sudden loss of function and optimization of care should start 
immediately [6]. After surgery, rehabilitation starts with the 
primary aim to get people back on their feet and mobile again. 
There are currently no pharmaceutical interventions available 
to improve mobility. Multidisciplinary hospital treatment 
including rapid mobilization is suggested as the first essential 
step for optimization of care immediately after a hip fracture 
[7, 8], with subsequent subacute exercise interventions to 
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improve mobility [9]. Mobility may be further improved by 
interventions starting when rehabilitation periods typically 
end in most countries [10–14]. Significant predictors of poor 
functional outcomes include multiple medical, surgical, socio-
economic ,and system predictors, such as hand grip strength 
and frailty as two emerging ones in most recent literature 
[15]. To better understand the effects and consequences of 
all these diverse factors so that optimal care pathways can be 
defined, there is a need to accurately measure and describe 
mobility outcomes [11]. This need was already highlighted in 
the recommended core outcome set for hip fracture trials that 
included mobility as one of five recommended domains [16].

A recent Cochrane review including 40 randomized 
controlled trials (RCTs) evaluated rehabilitation for 
improving mobility after hip fracture [17]. The report con-
cluded that it may be possible to gain clinically meaningful 
improvements in mobility in orthogeriatric hospitals and 
post-hospital settings, compared with conventional care. 
However, the Cochrane review focused mostly on high-
level outcomes such as survival and care home admission. 
Potential effects on levels of physical mobility at a more 
granular level such as gait volume or gait quality were 
not evaluated. Although there are various methods avail-
able to quantify gait in controlled settings, these mostly 
provide snapshot performances that do not adequately 
reflect mobility in the real-world. Recently, digital mobil-
ity outcomes (DMOs) derived from sensor-based activ-
ity monitoring are increasingly being used as a means to 
capture mobility reliably and directly, both in controlled 
and in real-world settings [18]. DMOs refer to objectively 
derived measures from electronic systems in contrast to 
qualitative, paper-based, or self-reported measures [19], 
and DMOs representing walking after hip fracture could 
potentially be gait speed, step counts, cadence, step length, 
upright time, or activity patterns. However, there is no 
overarching review of the literature in this field of inter-
est. Despite the obvious significance of mobility for hip 
fracture recovery, it is unclear to what extent gait param-
eters have been included in studies to evaluate intervention 
effects in hip fracture patients. Thus, the objective of this 
scoping review was to identify gait parameters includ-
ing DMOs used in randomized controlled trials (RCTs) 
to assess the effect of interventions on mobility recovery 
after a hip fracture in older people.

Method

Protocol

The present review is an update and extension of an ear-
lier scoping review performed by the Mobilise-D consor-
tium that mapped existing evidence on the clinical utility of 

digital mobility outcomes (DMOs) in four patient popula-
tions [20]. In the present review, we describe studies that 
have used gait parameters, including DMOs, as primary, sec-
ondary, or exploratory endpoints in RCT studies on patients 
recovering from proximal femoral fracture (PFF). We fol-
lowed the scoping review framework and protocol described 
in Polhemus et al. [20] and used the PRISMA statement as 
guide for writing this review.

Identifying relevant studies

The search strategy to identify relevant studies in the earlier 
scoping review has been described elsewhere [19, 20]. The 
study was registered through the Center for Open Science’s 
OSFRegistry (https://​osf.​io/​k7395). In November 2019 and 
again in July 2021, a librarian searched for relevant studies 
between January 1999 and July 2021 in eleven databases 
for scientific and gray literature (MEDLINE, EMBASE, 
CINAHL, Cochrane Library, Scopus, Web of Science, 
IEEE Xplore, ACM Digital Library, ProQuest Dissertations, 
OpenGrey, National Information Center’s Projects in Pro-
gress Database). Similar searches were conducted in Google 
Scholar, while references for additional relevant studies up to 
December 2022 were collated manually. Search details are 
published as supplementary files for the primary publication 
and in the project repository [20, 21].

Selecting studies and charting the data

To be eligible, RCTs had to be conducted on participants 
with proximal femoral fracture and with a gait parameter as 
primary, secondary, or exploratory endpoint. Gait param-
eters were pre-defined in a list by internal panels of clini-
cal, technical, and research experts, and a lower limit of 
10 patients per study arm was set [20]. All interventions 
performed during hospital stay or after discharge were ana-
lyzed, whatever the control condition (another intervention, 
control, or sham condition), the delay between the surgery 
and the start of intervention, the duration of the studies, the 
length of follow-up, and settings. Only studies for which 
results were reported in English, German, Spanish, French, 
Italian, Portuguese, Danish, Norwegian, Swedish, Hebrew, 
Dutch, Catalan, and Russian were eligible. Conference 
abstracts were not eligible for inclusion.

After duplicate removal and training of all reviewers, we 
assessed eligibility through abstract and full-text screening. 
Consistency checks were performed before each screening 
phase. First, two reviewers independently screened titles and 
abstracts of the citations retrieved to identify potential eligi-
ble publications. The full-text documents were obtained and 
independently evaluated by two reviewers applying the full 
set of inclusion and exclusion criteria. Disagreements were 
resolved by consensus and by involving a third reviewer. 

https://osf.io/k7395
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Where different records from the same RCT were identified, 
they were treated as separate papers in the analyses. We used 
DistillerSR (Evidence Partners, Ottawa, Canada) and Cadima 
(Julius Kühn-Institut, Quedlinburg, Germany) for record 
screening and data management.

Data extraction and risk of bias assessment

We extracted information on study characteristics from each 
included study, including author; year of publication; coun-
try of study; type of intervention; timing of the initiation of 
intervention after surgery; duration of intervention; number of 
participants at baseline and at the end of the trial; description 
of gait outcomes and whether they were primary, secondary, 
or exploratory endpoints; gait assessment method (including 
equipment); time of the first gait assessment; and reported gait 
speed (m/sec) at first gait assessment (including instruction of 
speed) [22].

Data analysis

Data analysis consisted of a descriptive analysis, reporting 
on the general study information, interventions (context), gait 
parameters reported (purposes), and the overall results from 
the risk of bias assessment. The intervention arms in the RCTs 
are described in terms of type, consisting of surgical methods, 
exercise alone, exercise combined with another intervention, 
or other interventions. We also included an overview of the 
initiation (at admission, during hospital stay, early and late in 
the hip fracture trajectory) and duration of the interventions. 
The gait parameters are described in terms of test procedure, 
equipment used, and outcome measures reported, including 
which of the gait parameters were used as primary or second-
ary outcomes (or alternatively not specified).

Funding source

Part of the research was supported by the Mobilise-D project 
that has received funding from the Innovative Medicines 
Initiative 2 Joint Undertaking (JU) under grant agreement 
No. 820820. This JU receives support from the European 
Union’s Horizon 2020 research and innovation program and 
the European Federation of Pharmaceutical Industries and 
Associations (EFPIA).

Results

Study selection

For the full-text review, we included 24 papers on PFF par-
ticipants identified in the original scoping review [20]. The 
updated search and subsequent abstract screening of 275 

new records added an additional 40 records, providing a 
total of 68 records for the full-text review, along with three 
additional papers resulting from a manual check. Of these, 
we included 32 papers from 29 different RCTs in the cur-
rent review. The flowchart of study selection is presented 
in Fig. 1.

Study characteristics

This review is based on 32 papers from 29 RCTs, with 
a combined total of 3648 participants (2754 unique par-
ticipants). The study citations and key characteristics are 
presented in Table 1. The publication dates range from 
2001 [26] to 2022 [29]. Participants in Sylliaas et al. [37] 
were a subset of the participants in Sylliaas et al. [36], 
with 100 of the original 150 participants included in the 
second phase of this two-phased RCT. Participants in three 
of the papers [49–51] were from the same RCT. Partici-
pants in the intervention group of Shi et al. [47] had the 
lowest mean age of 73.5 years, and the intervention group 
of Taraldsen and Thingstad et al. [9] had the highest mean 
age of 84.0 years.

Description of the interventions

The included RCTs varied widely in type of interventions 
(exercise alone, exercise combined with another interven-
tion, and other non-exercise interventions) and timing of the 
intervention (at admission, during hospital stay, subacute, or 
later after hip fracture). Seventeen studies evaluated exercise 
interventions, two evaluated exercises combined with a sec-
ond intervention, and eleven trials evaluated other types of 
interventions (see Table 1).

The seventeen studies reporting on exercise alone inter-
ventions included one early in-hospital exercise interven-
tion in bed [32], seven subacute exercise interventions after 
discharge from hospital or during inpatient rehabilitation 
before 5 months [26, 27, 29, 33, 35, 36, 38], and nine exer-
cise interventions starting either after ending the “routine” 
physical therapy or usual care [9, 23, 25, 34] or more than 
5 months after the fracture [24, 28, 30, 31, 37]. Two studies 
reported on exercise combined with nutrition therapy [39] 
or education [40].

The remaining intervention studies included three drug 
trials [41–43], two magnetic or neuromuscular stimulation 
trials [44, 45], three trials evaluating different surgical meth-
ods [46–48], and one trial evaluating in-hospital geriatric 
treatment [49–51]. The longest follow-up was 17 years or 
until death in one of the interventions evaluating surgical 
methods [48]. The two remaining studies evaluated interven-
tions using telephone follow-up, where one trial combined 
usual care with discharge coaching [52], and the other used 
motivational interviewing [53].
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Gait tests and parameters

Gait was largely assessed during short walking dis-
tances, ranging from 3- to 15.25-m walks across studies 
(see Table 1). The methods for collecting gait parameters 

consisted mostly of simple standardized walk tests with 
equipment such as a stopwatch. Only eight out of 32 studies 
reported gait parameters from longer walks, i.e., more than 
20 m or at least 3 min, measured using a GaitRite electronic 
mat [9, 51], a 30-m corridor test [42], a 30-m gait analysis 

Records identified from:
Medline (n = 116)
Embase (n = 175)
CINAHL (n = 76)
Cochrane Library (n = 122)
Scopus (n = 206)
Web of Science (n = 173)
IEEE Xplore (n = 2)
ACM digital library (n = 13)
ProQuest (n = 3)
OpenGrey (n=0)

Records removed before 
screening:

Duplicate records removed  
(n = 621)

Records screened
(n = 275)

Records excluded
(n = 235)

Reports sought for retrieval
(n = 40)

Reports not retrieved
(n = 0)

Reports assessed for eligibility
(n = 71)

Reports excluded (n = 39)
See table below

Records identified from:
Citation searching (n = 3)

New studies included in review
(n = 8)
Reports of new included studies
(n = 8)

Identification of new studies via databases and registers Identification of new studies via other methods
noitacifitnedI

gnineercS
dedulcnI

Total studies included in review
(n = 29)
Reports of total included studies
(n = 32)

Studies included in 
previous version of 
review 
(n = 27)

Reports of studies 
included in previous 
version of review 
(n = 28)

Previous studies

Reports sought for retrieval
(n = 3)

Reports not retrieved
(n = 0)

Reasons for excluding records from this review
Reasons for Exclusion N (%)*
The study did not address the research ques�ons of this review 15 (38)
Record described an interven�onal study which was not a randomized 
controlled trial 3 (8)
Only excluded gait parameters were studied 8 (21)
DMOs were assessed, but only during gait ini�a�on, turns, stair climbing, or other 
excluded walking mo�ons/condi�ons 1 (3)
Fewer than 10 par�cipants were included in any relevant analysis 2 (5)
The study popula�on did not meet our inclusion criteria 1 (3)
Part of the study popula�on met our criteria, but a sub-analysis on these par�cipants 
was not conducted 2 (5)
The record was an interven�onal protocol that used a DMO as an outcome that 
otherwise met the inclusion criteria for this review 2 (5)
The record was a poster or conference abstract with insufficient informa�on reported 
to know if a relevant analysis was conducted 7 (18)

Full text was not available in an included language
3 (8)

Chinese: 2
Japanese: 1

*Records were o�en excluded for mul�ple reasons, therefore summed percentages exceed 100%.

Fig. 1   PRISMA 2020 flow diagram for updated systematic review including searches of databases, registers and other sources
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[48], or longer recordings from accelerometer-based sensors 
(activPAL) [9, 33, 49, 50, 53], with one of these studies from 
an early in-hospital setting [49].

Gait speed was the most frequently reported gait 
parameter, in 28 out of 32 papers, with gait speed 
reported for the populations as low as 0.09 m/s during 
fast speed instruction 2 weeks after the fracture [35] 
(see Table 1). Fourteen of these 28 papers used normal 
gait speed instruction, seven used fast or maximum gait 
speed instruction, one used both normal and fast gait 
speed instructions, while the remaining six papers did 
not specify any particular gait speed instruction. Only 
three of the 32 papers included additional gait param-
eters from gait analysis, such as step length, cadence, 
double support time, single support time, base of sup-
port, percentage of single support, step width, walk 
ratio (step length/cadence), standard deviation of step 
velocity, single support asymmetry, swing time, steps 
per second, or step length for affected and non-affected 
leg [9, 35, 51]. One study included the distance walked 
during a 6-min walk test in addition to gait speed [29]. 
Five papers included accelerometer-based sensors and 
reported outcomes from real-world settings, reporting 
on daily steps, daily walking time, daily upright time, 
number of upright events, and length of upright events 
[9, 33, 49, 50, 53].

How long after the hip fracture gait was tested varied 
widely across the papers included in this review, and thus 
the gait speeds reported vary widely as well. Plotting 
the range of gait speeds (from instructed comfortable 
gait speeds) reported in the studies against the different 
phases of the post fracture period (see Fig. 2) indicates 
that gait speed in the acute phase is extremely low (< 
0.3 m/s) and seems to steadily increase throughout the 
recovery period. The studies conducted at the chronic 
phase, 53 weeks or more after hip fracture, show levels 
of gait speed closer to normative data for older adults. 
Two of the papers report surprisingly high gait speeds 
of 1.6 m/sec (SD 0.2) for the intervention groups at 14 
days [46] and 3 months post-surgery [47]. These are not 
included in Fig. 2.

Discussion

The results of this scoping review are based on 32 papers 
that included gait parameters as outcomes in intervention 
studies on older adults after hip fracture. This review is an 
update and extension of a previous scoping review originally 
including four patient groups [20].

Despite mobility recovery being the focus of rehabili-
tation after a hip fracture and walking in particular being 
a “gait keeper” function to most activities of daily living 
[16], our results indicate that most intervention studies con-
ducted in hip fracture patients are not specifically designed 
to evaluate effects on gait parameters and physical mobility 
outcomes, with the current knowledge largely limited to a 
single parameter, namely gait speed. Gait speed is a robust 
measure of general health and function among older adults 
[54, 55], and commonly used as a measure of walking abil-
ity and functional mobility when evaluating interventions 
to improve mobility also after hip fracture [17]. However, 
while gait speed is a robust and useful measure, it is not a 
specific measure of walking ability. Using gait speed alone 
may not capture additional aspects of functional recovery 
after hip fracture [56].

Based on a recent expert consensus, physical mobility 
includes several domains that should be addressed, includ-
ing gait volume, pace, cadence, asymmetry, gait phases, 
and gait variability [57]. This is also mirrored in a recent 
meta-ethnography of more than 120 qualitative studies sum-
marizing patient perception of walking and mobility [58]. 
In this paper, patients largely agreed that aspects such as 
walking distance, perceived safety and balance concerns, 
and additional cognitive effort of walking are major features 
of walking capacity and affect walking activities, irrespec-
tive of their underlying conditions. Gait speed as such thus 
reflects an extremely narrow aspect of walking characteris-
tics of older patients.

Despite the evidence for the importance of additional 
gait characteristics beyond gait speed, we found that gait 
speed by far was the most and often the only gait parameter 
reported in hip fracture trials. This might be because it 
is relatively easy to measure under supervised conditions. 

Fig. 2   Range of comfortable 
gait speeds reported after hip 
fracture during acute phase 
(weeks 1–2), subacute (weeks 
3–6), post-acute (weeks 12–24), 
and chronic phase (from week 
53)
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Furthermore, gait parameters were most often used as sec-
ondary outcomes in the RCTs in the hip fracture popu-
lation rather than as primary outcome. A recently pub-
lished Cochrane review evaluated effects of interventions 
to improve mobility after hip fracture and found moder-
ate to high certainty for clinical meaningful increases of 
gait speed after mobility interventions in in-hospital and 
post-hospital settings [17]. Furthermore, another recent 
systematic review and meta-analysis on RCTs evaluating 
the effects of exercise interventions on physical function 
and mobility after hip fracture found that among fifteen 
included studies (from 12 different trials), gait speed was 
the primary outcome in only two of these trials, while 
a variety of strength, balance, and mobility tests were 
included as primary outcome in the other included trials 
[14]. In our current review, among 32 papers, we found 
only eight papers that included gait parameters from 
longer walks. Furthermore, only three intervention studies 
included instrumented physical mobility domains beyond 
gait speed, and only five made use of real-life DMOs. This 
indicates that despite DMOs being available, the transi-
tion from traditional clinical or in-lab to out-of-lab assess-
ment has yet to be made. This transition is needed to assess 
effects of interventions on mobility recovery after hip frac-
ture at higher granularity in all aspects of patients’ lives, so 
that optimal care pathways can be defined.

We found only two studies designed specifically to evalu-
ate intervention effects on gait outcomes that reached suffi-
cient numbers and showed treatment effects for the primary 
outcomes [9, 53]. One of these studies used daily num-
ber of steps and daily walking time as primary endpoints 
and found motivational interviewing to result in clinically 
meaningful improvements in these outcomes [53]. The 
other study found a significant effect of an exercise inter-
vention on gait speed as primary endpoint, but no transfer 
effects on secondary real-life gait parameters such as daily 
upright time and the number of upright events [9]. The lack 
of transfer effects to real-world parameters observed in this 
study may have been caused by the nature of the exercise 
intervention that did not include specific training in real-
world situations. This study underscores that traditional 
clinical or lab-based measures do not necessarily reflect 
gait performance in real-world in hip fracture patients, as 
well as the importance of including more domains of physi-
cal mobility than gait speed alone when assessing recovery 
of physical function after a hip fracture. Thus, the identi-
fication of a set of real-world walking parameters along 
with agreed definitions has important implications for the 
future of hip fracture intervention studies aiming to improve 
mobility [57]. The results in our review also highlight that 
we are still far from the necessary transition to include real-
world unsupervised gait assessments in well-designed RCTs 
in the hip fracture population.

Limitations and future studies

There are some critical reflections regarding this review. 
Although it is a strength that we focused on studies in which 
gait parameters from instrumented measures were reported 
as endpoints, this constitutes a potential limitation as well. 
Although our results may not be generalizable to more gen-
eral mobility parameters observed after a hip fracture or 
to patients with other adverse health conditions, our study 
allows an in-depth and updated analysis of gait parameters 
in hip fractures patients, including DMOs. Future RCTs 
aiming at assessing the effects of interventions on mobility 
recovery in hip fracture patients should include aspects of 
gait beyond gait speed alone as primary and secondary out-
comes. Gait parameters measured by traditional clinical tests 
or in-lab and mobility measured in real-life settings should 
be included for the same patients to evaluate whether and 
how improvements in gait function may transfer to improve-
ment of mobility in real-life settings and independence in 
daily life.

In summary, although existing evidence points to exercise 
as the main intervention to improve mobility recovery in 
older adults after hip fracture, our review shows that cur-
rent evidence is rather unidimensional, with gait parameters 
used in clinical trials being largely limited to gait speed from 
short in-lab walks. Despite mobility being a key problem 
after hip fracture, few studies focus on it as a primary or 
even secondary outcome. Digital solutions for measuring 
mobility in real-world are still used only rarely, although 
recent developments in movement sensor algorithms allow 
easy detection of gait parameters from real-life settings. 
There is a need for larger and higher-quality RCTs, where 
gait parameters from real-world measures are used as pri-
mary endpoints, to advance knowledge on how to best regain 
mobility after a hip fracture and our ability to define optimal 
care pathways.
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