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Abstract 

Background To investigate patterns of continuously monitored physical activity in older patients rehabilitating after 
hip fracture surgery and the association with patient characteristics.

Methods Physical activity of surgically treated hip fracture patients aged 70 years or older, who were rehabilitating at 
a skilled nursing home, was continuously monitored using a tri‑axial accelerometer. The intensity of physical activ‑
ity per day was calculated from the accelerometer signals to describe the daily physical activity levels of the enrolled 
patients. The patterns of three different aspects of physical activity were investigated: overall physical activity, overall 
variability, and day‑to‑day variability. Two experts in the geriatric rehabilitation field helped identifying unique physical 
activity patterns for each aspect based on visual analysis. Eighteen healthcare professionals independently classified 
each patient in one of the predefined patterns for each aspect. Differences between physical activity patterns and 
patient characteristics were assessed using a Kruskal–Wallis or Fisher’s Exact Test.

Results Physical activity data from 66 older patients were used in this preliminary study. A total of six unique patterns 
were identified for overall physical activity and overall variability, and five unique patterns for the day‑to‑day variabil‑
ity. The most common pattern found for the overall physical activity and day‑to‑day variability had a S‑shape, which 
first slowly increased, then steeply increased, and subsequently flattened (n = 23, 34.8%). A N‑shape pattern was found 
the most common pattern for overall variability, which first slowly increased, then steeply increased, then decreased 
and lastly increased (n = 14, 21.2%). The functionality at admission to rehabilitation, measured with the Barthel Index, 
and the duration of rehabilitation stay differed between the patterns of physical activity.

Conclusions Multiple patterns of physical activity among older patients during hip fracture rehabilitation were found 
in this preliminary study. The functionality at admission to rehabilitation and the duration of rehabilitation stay were 
associated with the different patterns found in this study. Results of this study highlight the importance of personal‑
ized hip fracture treatment.
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Background
Hip fractures have a major impact on the physical func-
tioning of older patients, i.e. the mobility and the ability 
to perform Activities of Daily Living (ADL). A high num-
ber of older patients do not recover to their premorbid 
level of functioning after a hip fracture, and full func-
tional recovery can take up to 12  months [1–3]. Being 
physically active during rehabilitation after hip fracture 
surgery is highly relevant in the recovery process of older 
patients; more physical activity is associated with higher 
functional outcomes and a decreased risk of future falls 
[4–11]. However, restoring physical activity during reha-
bilitation after hip fracture surgery differs among patients 
and could be influenced by factors like fear of falling, 
pain, age, gender, or comorbidities [7–14]. Currently, still 
little is known about how older patients evolve in their 
physical activity over time during hip fracture rehabili-
tation and about the patterns of physical activity over 
time. More insight about the evolution and patterns of 
physical activity over time and the factors associated with 
these patterns is therefore considered highly important. 
With these insights, more can be learned about com-
mon physical activity behaviours of older patients dur-
ing hip fracture rehabilitation and about what to expect 
during rehabilitation. Furthermore, the prediction of the 
found common patterns of physical activity can improve 
healthcare processes, adopt a more pro-active treatment 
policy, and stimulate patient motivation in future.

Commonly used methods for physical activity moni-
toring during rehabilitation such as Patient Reported 
Outcome Measures (PROMs), clinimetric tests, or lab-
based gait analysis, are considered less suitable to gain 
continuous insight in an older patient’s pattern of physi-
cal activity over time [15–17]. Shortcomings such as 
subjective and static measurements, expensive equip-
ment, and specialized laboratory set-ups are reasons for 
this lower suitability [15–18]. Therefore, an objective 
and continuous way of monitoring physical activity over 
time during rehabilitation is needed. Wearable devices 
that can perform this way of physical activity monitoring 
with minimal inconvenience of the user are expected to 
be useful to monitor the patterns of physical activity in 
older patients after hip fracture surgery [16, 17, 19–21]. 
Continuous physical activity information can be used to 
assess an older patients’ progress and assist healthcare 
professionals in providing personalized feedback [21].

Currently, only one study was found assessing the tra-
jectories of recovery in older patients after hip fracture 
surgery by continuously monitoring physical activity for 
four months using an activity monitor [22]. They showed 
that the average physical activity was significantly higher 
in older patients who gained full mobility four months 
after hip fracture surgery compared with older patients 

who did not. However, in this study, only a limited num-
ber of older patients were included (n = 13). Furthermore, 
the individual heterogeneity was not investigated for the 
specific patterns of physical activity of each older patient, 
so factors associated with the trajectories of recovery are 
still unknown. Therefore, this preliminary study aims a) 
to investigate the patterns of physical activity over time 
in older patients rehabilitating after hip fracture sur-
gery by continuously monitoring physical activity using 
a wearable device, and b) to assess whether the patterns 
of physical activity over time were associated with patient 
characteristics.

Methods
Study design
This study was a preliminary study with a longitudinal 
observational design, which was conducted in the period 
from January 2019 until June 2021 as part of a larger 
project called the “Up&Go after a hip fracture” project. 
The Up&Go project focuses on the optimization of the 
rehabilitation of older patients after hip fracture surgery. 
The project was approved by the Medical Research Eth-
ics Committee (MREC) Twente and by the institutional 
review board of Ziekenhuisgroep Twente (ZGT), The 
Netherlands. The MREC Twente considered the project 
as not subject to the Medical Research Involving Human 
Subjects Act (WMO). All patients gave written informed 
consent to participate.

Study population
Older patients were enrolled in this study when they 
were 70  years or older, surgically treated for a hip frac-
ture at the department of Trauma Surgery of ZGT, and 
temporarily admitted for geriatric rehabilitation to one 
of the three collaborating skilled nursing homes (Trivi-
umMeulenbeltZorg, Carintreggeland, and ZorgAccent). 
Exclusion criteria were severe cognitive impairment 
(i.e. diagnosed with dementia), a total hip replacement, 
a pathological or periprosthetic fracture, plaster allergy, 
terminal illness or contact isolation. Patients were 
enrolled in this study one day before discharge from the 
hospital to the geriatric rehabilitation department of one 
of the skilled nursing homes.

Study measurements
Physical activity of all enrolled patients was continuously 
monitored during their entire stay at the rehabilitation 
department at the skilled nursing home using a MOX 
sensor (Maastricht Instruments BV, The Netherlands). 
The MOX is a comfortable, small, single-unit, water-
proof device which was attached to the upper thigh of 
the patient, approximately 10  cm above the knee, using 
a biocompatible body attachment patch from Maastricht 
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Instruments BV (Fig.  1). The MOX contains a tri-axial 
accelerometer to continuously monitor physical activity 
and has a sample frequency of 25 Hz. Furthermore, it has 
a data storage of 1.5 GB and a battery life of seven days. 
Raw MOX acceleration data obtained during daytime 
(7.00 am to 10.00  pm) were used to analyse the inten-
sity of physical activity. The intensity of physical activ-
ity was chosen as this metric can properly describe an 
older patient’s general physical activity level and is easy 
to interpret [7, 8, 10, 23]. Raw acceleration data were pre-
processed using a moving average filter with a window 
size of 0.12 s and a fourth order Butterworth High Pass 
filter with a cut-off frequency of 1 Hz to remove noises 
and gravitational accelerations. The intensity of physical 
activity was calculated as the area under the curve of the 
accelerometer signals and expressed in activity counts. 
The intensity of physical activity was calculated per day 
for all older patients using Matlab (R2017b, MathWorks 
Inc., Natick, MA, USA). Data from weekdays and days at 
the weekend were equally treated, since it was assumed 
that there were no obvious differences in the intensity 
of physical activity between those days. For more details 
about the data analysis see Additional file 1.

All enrolled patients received the usual rehabilita-
tion care during their rehabilitation at the skilled nurs-
ing home consisting of multidisciplinary treatment by a 
nursing home physician, physiotherapist, occupational 
therapist, psychologist, dietician, and nursing staff. Fur-
thermore, all older patients received physiotherapy ses-
sions on all weekdays. Information was gathered about 
the following patient characteristics: age, gender, pre-
morbid living situation, premorbid Katz index of inde-
pendence in Activities of Daily Living (Katz-ADL), 
Pre-Fracture Mobility Score (PFMS), comorbidities 

(Charlson Comorbidity Index [CCI]), type of surgery, 
cognition (Montreal Cognitive Assessment [MoCA]), 
the level of functioning at admission to the rehabilitation 
department (Fracture Mobility Score [FMS], Functional 
Ambulation Categories [FAC], Barthel Index [BI], and 
weight bearing policy), complications during rehabilita-
tion, and the level of functioning at discharge from the 
rehabilitation department (FMS, FAC, and BI). The Katz-
ADL measured the level of independence in ADL and 
ranged from 0 (completely independent) to 6 (completely 
dependent) [24, 25]. The PFMS and FMS scored the level 
of mobility and ranged from 0 (fully mobile without aids) 
to 5 (no functional mobility) [26]. The CCI assessed the 
prognostic burden of comorbid diseases by assigning 
different weights to specific diseases [27]. The MoCA 
assessed whether an older patient had a mild cognitive 
impairment or not [28]. The MoCA ranged from 0 to 
30 and a score of ≥ 26 was considered normal. The FAC 
scored the walking ability and ranged from 0 (not able 
to walk) to 5 (independent walking) [29]. The BI meas-
ured the level of independence in ADL and ranged from 
0 (completely dependent) to 20 (completely independent) 
[30].

Physical activity patterns
The patterns of three different aspects (A-C) of physical 
activity over time were investigated to gain insights into 
the patterns of overall physical activity over time and the 
patterns of variability in physical activity over time.

A The pattern of overall intensity of physical activity 
over time, further referred as pattern of overall physi-
cal activity. For all patients, the overall intensity of 
physical activity per day was plotted against time to 
assess how patients evolve in physical activity during 
their rehabilitation (Fig. 2A).

B The pattern of variability in the overall intensity of 
physical activity between days over time, further 
referred as pattern of variability in overall physical 
activity. This pattern gives an indication of the vari-
ance in physical activity between days during reha-
bilitation. For this aspect, we calculated the variabil-
ity in the overall intensity of physical activity with an 
overlapping, centred sliding window of five days. This 
variability was then plotted against each window to 
assess for patterns of variability in physical activity 
for all patients (Fig. 2B).

C The pattern of variability in the intensity of physical 
activity within each day over time, further referred as 
pattern of day-to-day variability. This pattern gives an 
indication of the variance in physical activity within 
each day during rehabilitation. The variability within 

Fig. 1 A MOX device attached to the upper thigh of a person, 
approximately 10 cm above the knee. The MOX was attached using a 
special plaster
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each day was plotted against time to assess for pat-
terns of the day-to-day variability (Fig. 2C).

All figures were smoothed with a Gaussian-weighted 
moving average smoothing filter to get the general 
trend of the physical activity patterns. Patterns of physi-
cal activity for each enrolled patient and each physical 
activity aspect (A-C) were then assessed based on visual 
analysis.

Identification of unique physical activity patterns
For all three physical activity aspects, two experts in the 
geriatric rehabilitation field, both nursing home physi-
cians, identified unique patterns based on visual analysis 
and their experience in clinical practice. The unique pat-
terns are shown in Fig. 3A-C.

For overall physical activity, six patterns were identi-
fied and named based on the morphology of the curves 
(Fig.  3A): (1) upward linear pattern, wherein overall 
physical activity linearly increased during rehabilitation; 
(2) hill shape pattern, wherein overall physical activ-
ity initially increased but subsequently flattened; (3) 
S-shape pattern, wherein overall physical activity slowly 
increased, then steeply increased but subsequently flat-
tened; (4) flat line pattern, wherein there was no apparent 
increase in overall physical activity; (5) cubic curve pat-
tern, wherein overall physical activity initially increased, 
then flattened, and subsequently increased again; and (6) 

downward linear pattern, wherein overall physical activ-
ity gradually decreased.

For the variability in overall physical activity, six pat-
terns were identified (Fig. 3B): (1) wave pattern, wherein 
variability initially increased, then decreased, and sub-
sequently increased again; (2) N-shape pattern, wherein 
variability initially slowly increased, then steeply 
increased, then decreased and lastly increased again; 
(3) S-shape pattern, which is similar as in the previous 
aspect; (4) bell-shape pattern, wherein variability ini-
tially increased but subsequently decreased; (5) mountain 
shape pattern, wherein variability alternately increased 
and decreased; and (6) reverse S-shape pattern, wherein 
variability slowly decreased, then steeply decreased and 
subsequently flattened.

For the day-to-day variability, five patterns were identi-
fied consisting of similar patterns as shown for the over-
all physical activity and the variability in overall physical 
activity (Fig. 3C): (1) upward linear pattern; (2) hill shape 
pattern; (3) S-shape pattern; (4) bell shape pattern; and 
(5) cubic curve pattern.

Visual analysis of physical activity patterns
Once the unique patterns were identified, 18 raters inde-
pendently undertook visual analysis and classified the 
physical activity patterns of each enrolled patient into one 
of the predefined unique patterns for all three aspects of 
physical activity. The raters were health care professionals 
from ZGT and the collaborating skilled nursing homes: 

Fig. 2 Three different aspects of physical activity were assessed in this study. A. describes the pattern of overall physical activity, B. describes the 
pattern of variability in overall physical activity, and C. describes the pattern of day‑to‑day variability
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one trauma surgeon, two physicians, two nurse practi-
tioners, three nursing home physicians, and 10 physi-
otherapists with rich experience in treating older patients 
with a hip fracture. When a pattern did not match with 
any of the predefined patterns, the rater chose the option 
“Else”. The most frequently chosen pattern was treated as 
the final pattern of physical activity for each patient in all 
three aspects of physical activity. When there were two 
patterns frequently chosen for a patient, and the differ-
ence of the number of votes was equal to or smaller than 
two, the two experts in the geriatric rehabilitation field 
made the final decision of the controversial pattern.

Statistical analysis
To assess the reliability of the final physical activity pat-
terns classified by the 18 raters, the interrater agreement 
(IRA) was estimated for all three aspects of physical 
activity by calculating the overall agreement between 

experts and the Gwet’s multirater agreement coeffi-
cient AC1 [31–34]. The level of agreement was assessed 
using the following classification criteria: almost perfect 
agreement = 0.81–1.00, substantial agreement = 0.61–
0.8, moderate agreement = 0.41–0.6, fair agree-
ment = 0.21–0.4, slight agreement = 0.00–0.2, and poor 
agreement =  < 0.00 [35]. IRA agreement analyses were 
performed using RStudio software (Version 1.4.1717).

Once the patterns of overall physical activity, variability 
in overall physical activity and day-to-day variability were 
known for all older patients, the overlap between the pat-
terns was assessed. For this it was investigated whether 
patients with a specific pattern in one aspect of physical 
activity were also classified together into the same pat-
tern for the other aspects of physical activity. When > 50% 
of the patients have the same combination of patterns for 
two different aspects, these aspects were considered as 
overlapping and not unique aspects.

Fig. 3 Unique patterns for each aspect of physical activity. Unique patterns were based on visual analyses and defined with the help of two experts 
in the geriatric rehabilitation. A. shows the unique patterns of overall physical activity, B. shows the unique patterns of variability in overall physical 
activity, and C. shows the unique patterns of day‑to‑day variability
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Associations between the physical activity patterns 
and patient characteristics were analysed. All continuous 
patient variables were described as mean with the stand-
ard deviation (SD) or as median with the interquartile 
range (IQR) (in case of nonparametric data). All categori-
cal variables were described as number with correspond-
ing percentage. A Kruskal–Wallis test for continuous 
variables and a Fisher’s Exact Test for categorical varia-
bles were used to analyse overall differences between pat-
terns. A p < 0.05 was regarded as statistically significant. 
Analyses were performed using IBM SPSS statistics (ver-
sion 25).

Results
A total of 82 older patients were included in this study. 
Of those patients, 16 were excluded due to multiple rea-
sons, which included not completing the study (n = 6), 
decline in health status (n = 2), readmission to the hospi-
tal (n = 2), COVID-19 measures (n = 2), delirium (n = 1), 
an allergic reaction to the MOX plaster (n = 1), con-
tact isolation (n = 1), and complications during hospi-
tal admission (n = 1). Data of the remaining 66 patients 
were used for further analysis. The mean (SD) age of the 
patients was 83.2 (6.4) years, and 49 (74.2%) patients 
were female. A total of 47 patients (71.2%) lived at home 
without help prior to the hip fracture, 17 patients (25.8%) 
lived at home with help, one patient (1.5%) lived at a resi-
dential home, and one patient (1.5%) lived at a nursing 
home. The median (IQR) duration of stay at the geriatric 
rehabilitation department was 28  (21-42) days. Patient 
characteristics are shown in Table 1.

Physical activity patterns
Results of the visual analysis of the patterns of overall 
physical activity showed that 23 patients (34.8%) were 
classified with the S-shape pattern of physical activ-
ity, 15 patients (22.7%) with the upward linear pattern, 
six patients (9.1%) with the hill shape pattern, and six 
patients (9.1%) with the cubic curve pattern. The remain-
ing patients (n = 16, 24.3%) were classified as “Else”. No 
patients were classified with the flat line pattern or the 
downward linear pattern. A moderate agreement was 
found between the raters (overall agreement = 58% and 
Gwet’s AC1 = 0.52).

For the patterns of variability in overall physical activ-
ity, it was found that 14 patients (21.2%) had the N-shape 
pattern of variability, 10 patients (15.2%) the wave pat-
tern, 10 patients (15.2%) the S-shape pattern, nine 
patients (13.6%) the bell shape pattern, nine patients 
(13.6%) the mountain shape pattern, and five patients 
(7.6%) the reversed S-shape pattern. A total of nine 
patients (13.6%) were classified as “Else”. A moderate 

Table 1 Patient characteristics

Total (n = 66)

Age; median (IQR) 83 (79–88)

Female gender; n (%) 49 (74.2)

Premorbid living situation; n (%)

 Home 47 (71.2)

 Home with care 17 (25.8)

 Residential home 1 (1.5)

 Nursing home 1 (1.5)

PFMS; n (%)

 1 27 (40.9)

 2 6 (9.1)

 3 33 (50)

 4 ‑

 5 ‑

Premorbid Katz-ADL; median (IQR) 0 (0–1)

Charlson Comorbidity Index; median (IQR) 1 (0–2)

Surgical treatment; n (%)

 Hemiarthroplasty 25 (37.9)

 Intramedullary implant 36 (54.5)

 Dynamic Hip Screw 5 (7.6)

Weight bearing protocol admission rehabilitation; n (%)

 Non weight bearing ‑

 Partial weight bearing 3 (4.5)

 Full weight bearing 63 (95.5)

MoCA; median (IQR) a 21 (17–24)

BI admission rehabilitation; median (IQR) b 12 (9–14)

FMS admission rehabilitation; n (%)

 1 ‑

 2 ‑

 3 7 (10.6)

 4 55 (83.3)

 5 4 (6.1)

FAC score admission rehabilitation; n (%)

 0 4 (6.1)

 1 4 (6.1)

 2 18 (27.3)

 3 30 (45.5)

 4 10 (15.2)

 5 ‑

Complications during rehabilitation; n (%)

 Yes 13 (19.7)

 No 53 (80.3)

Duration of rehabilitation stay; median (IQR) 28 (21–42)

BI discharge rehabilitation; median (IQR) c 16 (15–18)

FMS discharge rehabilitation; n (%) d

 1 ‑

 2 7 (10.9)

 3 42 (65.6)

 4 14 (21.9)

 5 1 (1.5)
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agreement was found between the raters (overall agree-
ment = 57% and Gwet’s AC1 = 0.50).

Results of the visual analysis of the patterns of day-
to-day variability showed that 23 patients (34.8%) were 
classified with the S-shape pattern of day-to-day vari-
ability, nine patients (13.6%) with the upward linear pat-
tern, seven patients (10.6%) with the bell shape pattern, 
seven patients (10.6%) with the cubic curve pattern, and 
six patients (9.1%) with the hill shape pattern. A total of 
14 patients (21.2%) were classified as “Else”. A moderate 
agreement was found between the raters (overall agree-
ment = 56% and Gwet’s AC1 = 0.48). For more details 
about the ratings of the independent raters see Addi-
tional file 2.

Overlap between the physical activity aspects
Results showed that the patterns of the overall physi-
cal activity and the patterns of the day-to-day variability 
were overlapping. All patients with the upward linear 
pattern of day-to-day variability also had the upward lin-
ear pattern in overall physical activity. Furthermore, four 
out of six patients (66.7%) with the hill shape pattern, 19 
out of 23 patients (82.6%) with the S-shape pattern, and 
five out of seven patients (71.4%) with the cubic curve 
pattern had similar patterns in both aspects of physical 
activity (Table 2A). The aspect of the variability in overall 
physical activity was not overlapping with the other phys-
ical activity aspects (Table 2B-C).

Patient characteristics
Since the patterns of overall physical activity and the pat-
terns of day-to-day variability were overlapping, it was 
chosen to exclude the day-to-day variability from further 
analysis and keep the overall physical activity and vari-
ability in overall physical activity. Significant associations 

were found between the patterns of overall physical 
activity and the BI at admission to the rehabilitation (BI 
of 15, 13, 11, 9, and 9 for, respectively, the upward linear 
pattern, hill shape pattern, S-shape pattern, cubic curve 
pattern, and “Else” group, p = 0.03) and the duration of 
rehabilitation stay (duration of 16 days, 21 days, 30 days, 
42 days, and 42 days for, respectively, the upward linear 
pattern, hill shape pattern, S-shape pattern, cubic curve 
pattern, and “Else” group, p < 0.001). These significant 
associations, including associations that were close to sta-
tistically significant (p < 0.1), are shown in Table 3. More 
specific, older patients with the upward linear pattern of 
physical activity over time or the hill shape pattern had 
better mobility and functionality scores at admission to 
the rehabilitation and a shorter duration of rehabilitation 
stay compared with the other patterns. The lowest com-
plication rate was seen in older patients with the upward 
linear pattern or the S-shape pattern. Older patients in 
the “Else” group scored lowest on cognitive functioning. 
For the complete statistical analysis see Additional file 3.

For the variability in overall physical activity, a signifi-
cant association was found between the different pat-
terns and the duration of rehabilitation stay (duration of 
33 days, 35 days, 15 days, 23 days, and 42 days, 10 days, 
32 days for, respectively, the wave pattern, N-shape pat-
tern, S-shape pattern, bell shape pattern, mountain 
shape pattern, reverse S-shape pattern, and “Else” group, 
p < 0.001). This significant association, including the asso-
ciations that were close to statistically significant (p < 0.1), 
are shown in Table 4. More specific, older patients with 
the reverse S-shape pattern had the shortest duration 
of rehabilitation stay followed by older patients with the 
S-shape pattern. Older patients with the mountain shape 
pattern scored lowest on cognitive functioning.

Discussion
To the best of our knowledge, this was the first study 
investigating continuously monitored physical activity 
patterns over time in older patients rehabilitating after 
hip fracture surgery using a MOX device. Three differ-
ent aspects of physical activity were investigated: (A) 
the overall physical activity; (B) the variability in over-
all physical activity; and (C) the day-to-day variability. 
Results of this study showed multiple patterns for each 
aspect of physical activity, wherein the S-shape pattern 
was the most common pattern for the overall physi-
cal activity (n = 23, 34.8%) and the day-to-day variability 
(n = 23, 34.8%). The N-shape pattern was the most com-
mon pattern for the variability in overall physical activ-
ity (n = 14, 21.2%). We also assessed whether there was 
an association between the patterns of physical activity 
and patient characteristics. Functionality at admission to 
rehabilitation and the duration of rehabilitation stay were 

BI Barthel Index, (P)FMS (Pre-)Fracture Mobility Score, MoCA Montreal Cognitive 
Assessment, FAC Functional Ambulation Categories
a number of missing = 16
b number of missing = 8
c number of missing = 3
d number of missing = 2

Table 1 (continued)

Total (n = 66)

FAC score discharge rehabilitation; n (%)

 0 ‑

 1 ‑

 2 2 (3)

 3 2 (3)

 4 51 (77.3)

 5 11 (16.7)
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found to be associated with the physical activity patterns 
of older patients during hip fracture rehabilitation.

Results of this study showed that the patterns of over-
all physical activity found for the enrolled patients were 
all increasing curves indicating that patients improved in 
their physical activity during rehabilitation. The S-shape 
pattern of overall physical activity was the most common 
pattern found in this study, which showed a slow increase 
in physical activity at the beginning of the rehabilita-
tion. Low physical activity levels are explained by the low 
mobility levels of the patients, since 95.7% of the patients 
were not able to walk without the help of a healthcare 
professional at admission to rehabilitation (Table  3). 
According to previous literature, a slow increase in 
patient’s physical activity level is associated with a slow 
recovery in mobility and functionality [4, 7, 11, 12, 22, 
36]. This can result in a longer duration of rehabilita-
tion stay and a longer duration of final full functional 
recovery. Therefore, early mobilization and high physi-
cal activity as soon as possible during rehabilitation are 
highly important for a patient’s recovery. This is in line 

with our results showing a relationship between mobility 
and functionality at admission to the rehabilitation and 
the upward linear pattern or hill shape pattern of overall 
physical activity. The S-shape pattern found in this study 
can alert healthcare professionals of their patients’ ini-
tial slower recovery. This notification enables healthcare 
professionals to take action, and this may lead to more 
frequent mobilization of their patients after hip frac-
ture surgery. For these patients it also might be useful to 
increase their confidence to be physically active without 
increasing the risk of falling.

Our study shows the potential of 24/7 intensity of 
physical activity monitoring by the fact that it gives valu-
able insights into older patients’ activity progress during 
rehabilitation. These insights into the patterns of overall 
physical activity are considered clinically relevant, since 
more is learned about the physical activity behaviours of 
older patients during rehabilitation after hip fracture sur-
gery, but also about what to expect during rehabilitation. 
Knowing the common patterns of overall physical activ-
ity over time is also a prerequisite for the next step, which 

Table 2 Assessment of the overlap between the patterns of physical activity of the different aspects

A. overall physical activity versus day-to-day variability
Day‑to‑day variability Upward linear pattern Hill shape pattern S‑shape pattern Bell shape pattern Cubic curve pattern Else

Overall physical activity

Upward linear pattern 9 0 3 0 1 0

Hill shape pattern 0 4 1 0 0 1

S‑shape pattern 0 2 19 2 0 2

Cubic curve pattern 0 0 0 0 5 1

Else 0 0 0 5 1 10

B. variability in overall physical activity versus day-to-day variability
Day‑to‑day variability Upward linear pattern Hill shape pattern S‑shape pattern Bell shape pattern Cubic curve pattern Else

Variability in overall physical activity

Wave pattern 0 2 4 2 2 0

N‑shape pattern 1 0 6 2 2 3

S‑shape pattern 6 0 3 0 1 0

Bell shape pattern 1 0 5 2 0 1

Mountain pattern 0 0 4 0 0 5

Reverse s‑shape pattern 0 3 0 1 1 0

Else 1 1 1 0 1 5

C. variability in overall physical activity versus overall physical activity
Overall physical activity Upward linear pattern Hill shape pattern S‑shape pattern Cubic curve pattern Else

Variability in overall physical activity

Wave pattern 0 2 5 2 1

N‑shape pattern 3 0 8 1 2

S‑shape pattern 7 1 1 1 0

Bell shape pattern 2 0 4 0 3

Mountain pattern 0 0 4 1 4

Reverse s‑shape pattern 1 2 0 1 1

Else 2 1 1 0 5
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is to predict the patterns of overall physical activity over 
time as early in the rehabilitation phase as possible. Early 
prediction of the patterns of overall physical activity over 
time is considered to increase the clinical relevance of 
the patterns of overall physical activity and could benefit 
multiple stakeholders. First, it could benefit the older hip 
fracture patients themselves. Pattern information can 
give patients an indication of what to expect during reha-
bilitation, it can provide personalized feedback about the 
progress during rehabilitation, and it can also motivate 
them to be more physically active during rehabilitation. 
Patient motivation is considered as an important aspect 
of the rehabilitation. A review of Beer et al. showed that 

meaningful feedback about physical activity had a posi-
tive influence on the motivation of patients recovering 
after hip fracture surgery, which resulted in more physical 
activity [37]. Secondly, early prediction of the patterns of 
overall physical activity over time could be clinically use-
ful for healthcare professionals, since this can help them 
to assess whether a patient is on track or not. For exam-
ple, to assess whether a patient with a predicted upward 
linear pattern continues to follow that pattern and con-
tinues to increase in his/her physical activity during 
rehabilitation. It also gives healthcare professionals the 
opportunity to adjust the rehabilitation when a patients’ 
progress takes a different course or when the pattern of 

Table 3 Patient characteristics versus the patterns of overall physical activity

BI Barthel Index, FMS Fracture Mobility Score, MoCA Montreal Cognitive Assessment, FAC Functional Ambulation Categories
a number of missing = 16
b number of missing = 8

Upward linear 
pattern (n = 15)

Hill shape 
pattern (n = 6)

S-shape 
pattern 
(n = 23)

Cubic curve 
pattern (n = 6)

Else (n = 16) p-value

MoCA; median (IQR) a 22 (20–25) 20 (18–21) 21 (17–25) 23 (21–25) 17 (16–21) 0.07

BI admission rehabilitation; median (IQR) b 15 (11–16) 13 (12–16) 11 (9–12) 9 (9–11) 9 (8–13) 0.03
FMS admission rehabilitation; n (%)

 1 ‑ ‑ ‑ ‑ ‑ 0.06

 2 ‑ ‑ ‑ ‑ ‑

 3 5 (33.3) ‑ ‑ ‑ 2 (12.5)

 4 10 (66.7) 6 (100) 21 (91.3) 5 (83.3) 13 (81.3)

 5 ‑ ‑ 2 (8.7) 1 (16.7) 1 (6.3)

FAC score admission rehab; n (%)

 0 ‑ ‑ 2 (8.7) 1 (16.7) 1 (6.3) 0.05

 1 ‑ ‑ 2 (8.7) ‑ 2 (12.5)

 2 1 (6.7) 1 (16.7) 7 (30.4) 3 (50) 6 (37.5)

 3 8 (53.5) 3 (50) 11 (47.8) 1 (16.7) 7 (43.8)

 4 6 (40) 2 (33.3) 1 (4.3) 1 (16.7) ‑

 5 ‑ ‑ ‑ ‑ ‑

Complications during rehabilitation; n (%)

 Yes 1 (6.7) 2 (33.3) 2 (8.7) 2 (33.3) 6 (37.5) 0.07

 No 14 (93.3) 4 (66.7) 21 (91.3) 4 (66.7) 10 (62.5)

Duration of rehabilitation stay; median (IQR) 16 (12–24) 21 (10–30) 30 (23–41) 42 (21–47) 42 (31–52)  < 0.001

Table 4 Patient characteristics versus the patterns of variability in overall physical activity

MoCA Montreal Cognitive Assessment
a number of missing = 16

Wave pattern 
(n = 10)

N-shape 
pattern 
(n = 14)

S-shape 
pattern 
(n = 10)

Bell shape 
pattern 
(n = 9)

Mountain 
shape pattern 
(n = 9)

Reverse 
S-shape 
pattern (n = 5)

Else
(n = 9)

p-value

MoCA; median 
(IQR) a

23 (21–25) 20 (17–24) 23 (21–25) 20 (17–22) 17 (15–20) 19 (18–20) 21 (18–24) 0.08

Duration of 
rehabilitation stay; 
median (IQR)

33 (21–42) 35 (27–48) 15 (11–25) 23 (21–29) 42 (41–65) 10 (9–17) 32 (21–42)  < 0.001
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physical activity is unfavourable. For example, when a 
patients’ physical activity level is suddenly decreasing, 
while the predicted pattern of overall physical activity is 
an upward linear pattern. This can alert healthcare pro-
fessionals to adjust the rehabilitation by focussing more 
on performing physical activity exercises. Continuous 
insights by healthcare professionals into a patients’ physi-
cal activity progress will optimize the recovery process, 
stimulate a pro-active treatment policy and will lead to 
a more personalized rehabilitation. This is considered 
highly relevant, since it is known that hip fractures could 
have major consequences on an older population result-
ing in not regaining the premorbid level of functioning. 
Lastly, insights into the patterns of overall physical activ-
ity over time could also help healthcare organizations, 
since the results of this study showed that the duration 
of rehabilitation stay significantly differed between the 
patterns of overall physical activity. Older patients with 
an upward linear pattern had a shorter duration of reha-
bilitation stay than older patients with a different pattern. 
When the expected pattern of overall physical activity is 
known early in the rehabilitation, it could be used to give 
an indication about the duration of rehabilitation stay, 
which can optimize discharge planning and the patient 
flow within the healthcare organizations. To further 
increase the clinical usefulness for all stakeholders, a rec-
ommendation for future work is to enlarge the number 
of included patients and focus also on the prediction of 
the patterns of overall physical activity in an early stage 
of postoperative rehabilitation using machine learning 
techniques.

Three different physical activity aspects were chosen 
in this study to assess physical activity in different ways. 
The aspect of overall physical activity was chosen, since 
monitoring overall physical activity directly indicates an 
older patient’s general activity level, which is assumed 
to increase during rehabilitation when older patients 
recover after hip fracture surgery [4, 11]. The overall 
physical activity is considered as clinically relevant and 
easy to understand for healthcare professionals. Variabil-
ity measures, on the other hand, were chosen to assess 
how older patients vary in their physical activity dur-
ing rehabilitation. Literature showed a high within-sub-
ject variability in physical activity between days among 
healthy older adults, both measured in community-
dwelling older adults as well as in older adults three 
months after hip fracture surgery [38, 39]. For this rea-
son, the pattern of variability in overall physical activity 
in older patients is expected to show an increase towards 
the end of rehabilitation, since we assumed that older 
patients were considerably recovered at the end of reha-
bilitation. Results of this study showed multiple pat-
terns for the variability in overall physical activity, where 

five out of six patterns showed indeed an increase dur-
ing rehabilitation. However, our results also showed one 
pattern of variability in overall physical activity with a 
decreasing shape. Surprisingly and without a clear expla-
nation, patients with this pattern had the shortest dura-
tion of rehabilitation stay. More research is needed to 
gain more insight into the different shapes of the patterns 
of variability in overall physical activity.

The analyses of the physical activity patterns in this 
study were based on the visual analysis of multiple 
healthcare professionals with experience in treating older 
patients with a hip fracture. Multiple raters were cho-
sen to increase the reliability of the study results, since 
assigning patterns to a patient’s overall physical activ-
ity progress can be subject to subjectivity. IRA analy-
sis showed a moderate agreement between the raters 
for all three physical activity aspects, which indicates 
that we currently cannot perform visual pattern analy-
ses based on one rater. Two potential reasons for mod-
erate agreement found in this study are discussed here: 
(1) the high number of patterns for each aspect made a 
high IRA difficult to reach [40]. In this study, we sum-
marized six different patterns of overall physical activity 
given the large heterogeneity of the older patients’ pro-
gress of physical activity during rehabilitation. The high 
number of patterns could cause the moderate IRA, but 
more importantly these patterns can comprehensively 
cover the different overall physical activity patterns of 
older patients after hip fracture surgery. (2) We deliber-
ately chose to not train the raters to ensure the independ-
ence of raters during the visual analysis in this study. The 
raters without relevant training given by an expert may 
give different pattern judgement based on their own clin-
ical practice experiences with older patients. Such sub-
jectivity could influence the IRA, but the moderate IRA 
found in our study exactly reflected the nature of clinical 
judgement that we cannot avoid. Consequently, we han-
dled the moderate IRA among the raters through organ-
izing an expert meeting with two experts in the geriatric 
rehabilitation field to make a final decision on the pat-
terns of the questionable patients. In this way, we guaran-
teed the reliability of our study.

This study also had some limitations. The first limita-
tion was that not all enrolled patients could be classified in 
one of the pre-defined patterns of overall physical activity 
over time. More research is recommended to also classify 
or predict the patterns of the older patients in the “Else” 
group. More specific classification and prediction of the 
patterns currently classified as “Else” could further increase 
the clinical usefulness of assessing the patterns of physical 
activity in older patients after hip fracture surgery. A sec-
ond limitation was that we did not include pain and fear 
of falling as parameters in this study. Literature shows that 
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high fear of falling, and pain after hip fracture surgery have 
a negative effect on the physical activity of older patients, 
which could also affect the pattern of overall physical activ-
ity over time [9, 11, 12, 41, 42]. More research is recom-
mended to also assess the influence of fear of falling and 
pain on the patterns of overall physical activity over time.

Conclusions
The aim of this preliminary study was to investigate the 
patterns of physical activity in older patients rehabilitat-
ing after hip fracture surgery and to assess the associa-
tion between the patterns of physical activity and patient 
characteristics. This study showed different patterns of 
physical activity during rehabilitation, in which it was 
shown that most patients had a positive evolution in their 
physical activity over time during rehabilitation after hip 
fracture surgery. The S-shape pattern was the most com-
mon pattern for the overall physical activity and the day-
to-day variability. The N-shape was the most common 
for the variability in overall physical activity. Functional-
ity at admission to the rehabilitation, measured with the 
BI, was associated with the patterns of physical activity. 
Furthermore, a significant difference in the duration of 
geriatric rehabilitation stay was found between the pat-
terns of physical activity. The difference found in physi-
cal activity patterns in older patients during hip fracture 
rehabilitation could be relevant for healthcare organiza-
tion, healthcare professionals and patients to optimize 
and personalize hip fracture treatment.

Abbreviations
ADL  Activities of Daily Living
BI  Barthel Index
CCI  Charlson Comorbidity Index
FAC  Functional Ambulation Categories
FMS  Fracture Mobility Score
IQR  Interquartile Range
IRA  Interrater Agreement
Katz‑ADL  Katz index of independence in Activities of Daily Living
MoCA  Montreal Cognitive Assessment
MREC  Medical Research Ethics Committee
PFMS  Pre‑Fracture Mobility Score
PROMs  Patient Reported Outcome Measures
SD  Standard Deviation
ZGT  Ziekenhuisgroep Twente

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12877‑ 023‑ 04054‑2.

Additional file 1. Workflow data‑analysis raw MOX data.

Additional file 2. Ratings of all raters for each patient and for each aspect 
of physical activity.

Additional file 3. Patient characteristics for each pattern of physical activ‑
ity of all three aspects of physical activity.

Acknowledgements
Not applicable.

Authors’ contributions
All authors read and approved the final manuscript. DvD, YW, JHH, and MVH 
contributed to the study concept and design. DvD contributed to the acquisi‑
tion of data. DvD, YW and MV contributed to the analysis and interpretation of 
data. DvD and YW contributed to the drafting of the manuscript. DvD, YW, 
JHH, MV, and MVH contributed to the critical revision of the manuscript.

Funding
The authors received no financial support for the research, authorship, and/or 
publication of this article.

Availability of data and materials
The data that support the findings of this study are available from the Up&Go 
after a hip fracture project, but restrictions apply to the availability of these 
data, which were used under license for the current study, and so are not 
publicly available. Data are however available from the authors upon reason‑
able request and with permission of the Up&Go after a hip fracture project. 
To request data please contact the corresponding author, Dieuwke van Dartel 
(d.vandartel@utwente.nl).

Declarations

Ethics approval and consent to participate
All methods were carried out in accordance with the Declaration of Helsinki. 
The project was approved by the Medical Research Ethics Committee (MREC) 
Twente and by the institutional review board of Ziekenhuisgroep Twente 
(ZGT), The Netherlands. The MREC Twente considered the project as not 
subject to the Medical Research Involving Human Subjects Act (WMO). All 
patients gave written informed consent to participate.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Biomedical Signals and Systems Group, University of Twente, Drienerlolaan 5, 
7500 AE Enschede, the Netherlands. 2 Department of Trauma Surgery, Zieken‑
huisgroep Twente, Almelo, The Netherlands. 3  ZGT Academy, Ziekenhuisgroep 
Twente, Almelo, The Netherlands. 4  Board of Directors, Medisch Spectrum 
Twente, Enschede, The Netherlands. 

Received: 18 July 2022   Accepted: 20 May 2023

References
 1. Magaziner J, Chiles N, Orwig D. Recovery after hip fracture: Interventions 

and their timing to address deficits and desired outcomes‑evidence 
from the Baltimore Hip Studies. Frailty: Pathophysiology, Phenotype and 
Patient Care. 83. Basel: Karger Publishers; 2015. p. 71–82.

 2. Magaziner J, Hawkes W, Hebel JR, Zimmerman SI, Fox KM, Dolan M, et al. 
Recovery from hip fracture in eight areas of function. J Gerontol A Biol Sci 
Med Sci. 2000;55(9):M498–507.

 3. Dyer SM, Crotty M, Fairhall N, Magaziner J, Beaupre LA, Cameron ID, 
et al. A critical review of the long‑term disability outcomes following hip 
fracture. BMC Geriatr. 2016;16(1):158.

 4. Duke RG, Keating JL. An investigation of factors predictive of independ‑
ence in transfers and ambulation after hip fracture. Arch Phys Med 
Rehabil. 2002;83(2):158–64.

 5. Peiris CL, Taylor NF, Shields N. Patients receiving inpatient rehabilitation 
for lower limb orthopaedic conditions do much less physical activity than 
recommended in guidelines for healthy older adults: an observational 
study. J Physiother. 2013;59(1):39–44.

https://doi.org/10.1186/s12877-023-04054-2
https://doi.org/10.1186/s12877-023-04054-2


Page 12 of 12van Dartel et al. BMC Geriatrics          (2023) 23:373 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 6. Rodaro E, Pasqualini M, Iona L, Di Benedetto P. Functional recovery follow‑
ing a second hip fracture. Eura Medicophys. 2004;40:179–84.

 7. Talkowski JB, Lenze EJ, Munin MC, Harrison C, Brach JS. Patient participa‑
tion and physical activity during rehabilitation and future functional 
outcomes in patients after hip fracture. Arch Phys Med Rehabil. 
2009;90(4):618–22.

 8. Resnick B, Galik E, Boltz M, Hawkes W, Shardell M, Orwig D, et al. 
Physical activity in the post‑hip‑fracture period. J Aging Phys Act. 
2011;19(4):373–87.

 9. Taylor NF, Peiris CL, Kennedy G, Shields N. Walking tolerance of 
patients recovering from hip fracture: a phase I trial. Disabil Rehabil. 
2016;38(19):1900–8.

 10. Fleig L, McAllister MM, Brasher P, Cook WL, Guy P, Puyat JH, et al. Sed‑
entary behavior and physical activity patterns in older adults after hip 
fracture: a call to action. J Aging Phys Act. 2016;24(1):79–84.

 11. Willems E, Visschedijk J, Balen R, Achterberg W. Physical Activity, Physical 
Function and Fear of Falling After Hip Fracture. J Orthop Res Physiother. 
2017;3:031.

 12. Kronborg L, Bandholm T, Palm H, Kehlet H, Kristensen MT. Physical activity 
in the acute ward following hip fracture surgery is associated with less 
fear of falling. J Aging Phys Act. 2016;24(4):525–32.

 13. Hershkovitz A, Beloosesky Y, Brill S. Mobility assessment of hip fracture 
patients during a post‑acute rehabilitation program. Arch Gerontol 
Geriatr. 2012;55(1):35–41.

 14. Hagino T, Ochiai S, Sato E, Watanabe Y, Senga S, Haro H. Prognostic 
prediction in patients with hip fracture: risk factors predicting difficulties 
with discharge to own home. J Orthop Traumatol. 2011;12(2):77–80.

 15. Grimm B, Bolink S. Evaluating physical function and activity in the 
elderly patient using wearable motion sensors. EFORT open reviews. 
2016;1(5):112–20.

 16. Mathie MJ, Coster AC, Lovell NH, Celler BG. Accelerometry: providing an 
integrated, practical method for long‑term, ambulatory monitoring of 
human movement. Physiol Meas. 2004;25(2):R1.

 17. Kavanagh JJ, Menz HB. Accelerometry: a technique for quantifying move‑
ment patterns during walking. Gait Posture. 2008;28(1):1–15.

 18. Preece SJ, Goulermas JY, Kenney LP, Howard D, Meijer K, Crompton R. 
Activity identification using body‑mounted sensors—a review of clas‑
sification techniques. Physiol Meas. 2009;30(4):R1.

 19. Benzinger P, Lindemann U, Becker C, Aminian K, Jamour M, Flick S. Geriat‑
ric rehabilitation after hip fracture. Z Gerontol Geriatr. 2014;47(3):236–42.

 20. van Dartel D, Hegeman JH, Vollenbroek‑Hutten MMR. Feasibility and 
usability of wearable devices for ambulatory monitoring of the rehabilita‑
tion process of older patients after hip fracture surgery. Proceedings of 
the 18th International Conference on Wireless Networks and Mobile 
Systems ‑ Volume 1: WINSYS. Setúbal: SciTePress; 2021. p. 59–66

 21. Keppler AM, Holzschuh J, Pfeufer D, Neuerburg C, Kammerlander C, 
Böcker W, et al. Postoperative physical activity in orthogeriatric patients–
new insights with continuous monitoring. Injury. 2020;1(3):628–32.

 22. Armitage LC, Chi Y, Santos M, Lawson BK, Areia C, Velardo C, et al. Moni‑
toring activity of hip injury patients (MoHIP): A sub‑study of the World 
Hip Trauma Evaluation observational cohort study. Pilot and Feasibility 
Studies. 2020;6(1):70.

 23. Bland MD, Barco P, Lang CE, Lenard E, Kallmi S, Pennock S, et al. Activity 
level and intensity of older adults in skilled nursing rehabilitation meas‑
ured via actigraphy. J Geriatr Phys Ther. 2021;44(1):45–50.

 24. Katz S, Downs TD, Cash HR, Grotz RC. Progress in development of the 
index of ADL. Gerontol. 1970;10(1):20–30.

 25. Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies of illness 
in the aged: the Index of ADL: a standardized measure of biological and 
psychosocial function. JAMA. 1963;185(12):914–9.

 26. Voeten SC, Nijmeijer WS, Vermeer M, Schipper IB, Hegeman JH. Validation 
of the fracture mobility score against the parker mobility score in hip 
fracture patients. Injury. 2020;51(2):395–9.

 27. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of clas‑
sifying prognostic comorbidity in longitudinal studies: development and 
validation. J Chronic Dis. 1987;40(5):373–83.

 28. Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Col‑
lin I, et al. The Montreal Cognitive Assessment, MoCA: a brief screening 
tool for mild cognitive impairment. J Am Geriatr Soc. 2005;53(4):695–9.

 29. Holden MK, Gill KM, Magliozzi MR, Nathan J, Piehl‑Baker L. Clinical gait 
assessment in the neurologically impaired: reliability and meaningfulness. 
Phys Ther. 1984;64(1):35–40.

 30. Mahoney FI, Barthel DW. Functional evaluation: the Barthel Index: a 
simple index of independence useful in scoring improvement in the 
rehabilitation of the chronically ill. Maryland State Med J. 1965;14:61–5.

 31. de Vet HC, Mullender MG, Eekhout I. Specific agreement on ordinal and 
multiple nominal outcomes can be calculated for more than two raters. J 
Clin Epidemiol. 2018;96:47–53.

 32. Kottner J, Audigé L, Brorson S, Donner A, Gajewski BJ, Hróbjartsson A, 
et al. Guidelines for reporting reliability and agreement studies (GRRAS) 
were proposed. Int J Nurs Stud. 2011;48(6):661–71.

 33. Gwet KL. Computing inter‑rater reliability and its variance in the presence 
of high agreement. Br J Math Stat Psychol. 2008;61(1):29–48.

 34. Ohyama T. Statistical inference of Gwet’s AC1 coefficient for mul‑
tiple raters and binary outcomes. Commun Stat Theory Methods. 
2020;50(15):3564–72.

 35. Landis JR, Koch GG. The measurement of observer agreement for cat‑
egorical data. Biometrics. 1977;33(1):159–74.

 36. Oldmeadow LB, Edwards ER, Kimmel LA, Kipen E, Robertson VJ, Bailey MJ. 
NO rest for the wounded: early ambulation after hip surgery accelerates 
recovery. ANZ J Surg. 2006;76(7):607–11.

 37. Beer N, Riffat A, Volkmer B, Wyatt D, Lambe K, Sheehan KJ. Patient per‑
spectives of recovery after hip fracture: a systematic review and qualita‑
tive synthesis. Disabil Rehabil. 2021;44(21):6194–209.

 38. Nicolai S, Benzinger P, Skelton DA, Aminian K, Becker C, Lindemann U. 
Day‑to‑day variability of physical activity of older adults living in the com‑
munity. J Aging Phys Act. 2010;18(1):75–86.

 39. Taraldsen K, Vereijken B, Thingstad P, Sletvold O, Helbostad JL. Multiple 
days of monitoring are needed to obtain a reliable estimate of physical 
activity in hip‑fracture patients. J Aging Phys Act. 2014;22(2):173–7.

 40. McHugh ML. Interrater reliability: the kappa statistic. Biochemia medica. 
2012;22(3):276–82.

 41. Salpakoski A, Törmäkangas T, Edgren J, Sihvonen S, Pekkonen M, 
Heinonen A, et al. Walking recovery after a hip fracture: a prospective 
follow‑up study among community‑dwelling over 60‑year old men and 
women. BioMed Res Int. 2014;2014.

 42. McGilton K, Wells J, Davis A, Rochon E, Calabrese S, Teare G, et al. 
Rehabilitating patients with dementia who have had a hip fracture: 
part II Cognitive symptoms that influence care. Topics Geriatr Rehabil. 
2007;23(2):174–82.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Patterns of physical activity over time in older patients rehabilitating after hip fracture surgery: a preliminary observational study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design
	Study population
	Study measurements
	Physical activity patterns
	Identification of unique physical activity patterns
	Visual analysis of physical activity patterns

	Statistical analysis

	Results
	Physical activity patterns
	Overlap between the physical activity aspects
	Patient characteristics

	Discussion
	Conclusions
	Anchor 22
	Acknowledgements
	References


