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Abstract

Purpose: To investigate the effects of early mobilization on walking independence and gait recovery one
year after hip fracture surgery.

Materials and methods: This cohort study included 104 patients aged >65 years. Patients were divided into
two groups: early mobilization (EM; postoperative mobilization on the day after surgery) and late
mobilization (LM; postoperative mobilization >2 days after surgery) groups. Multivariate logistic regression
analysis was performed to investigate the effect of EM on independent walking and recovery to pre-injury
walking status one year postoperatively. Independent walking was defined as a walking functional
independent measure (FIM) of >5.

Results: The number of older patients able to walk independently at discharge and one year postoperatively
after hip fracture surgery was 63 (60.6%) and 66 (63.5%), respectively. Multivariate logistic regression
analysis revealed that EM was associated with independent walking at one year postoperatively (odds ratio,
3.79; 95% confidence interval, 1.30-11.06; P=0.001). However, EM was not associated with recovery to pre-
injury walking status one year postoperatively (P=0.22).

Conclusions: Early postoperative mobilization significantly increased the likelihood of independent walking
one year after hip fracture surgery in older adults. Patients who mobilized early were nearly four times more
likely to achieve this outcome, underscoring the importance of EM in postoperative care. Further studies are
needed to confirm these findings and address barriers to implementing EM in clinical practice.

Categories: Geriatrics, Physical Medicine & Rehabilitation, Orthopedics
Keywords: early mobilization, hip fracture, independent walk, older patients, rehabilitation

Introduction

Hip fractures are a significant concern among older adults due to age-related fragility, with an estimated
16.75 million cases worldwide in 2019 [1]. These fractures often lead to severe mobility impairments,
extended rehabilitation, and increased mortality rates in the older population [2-5]. The present study
focused on factors that affect recovery and the likelihood of regaining independent ambulation one year
after surgery in older hip fracture survivors. Understanding the impact of early postoperative mobilization
on long-term functional outcomes is crucial for developing effective rehabilitation strategies for this
growing population.

Multiple guidelines recommend early mobilization after hip fracture surgery [6,7], as mobilization is
associated with reduced risks of pneumonia, delirium, disability, and improved survival rates [8,9]. The
primary goal of surgery is to restore the hip's anatomical and mechanical integrity, facilitating effective
rehabilitation and early return to ambulation. Ferris et al. reported that patients who did not mobilize within
one day after surgery had a 46% higher in-hospital mortality rate than those who mobilized early
postoperatively [10]. Similarly, early mobilization has been linked to a 1.9-fold decrease in postoperative
complications and a significant reduction in the incidence of delirium [11].

Several studies have demonstrated that early postoperative mobilization, defined as the ability to sit or
stand out of bed shortly after surgery, is associated with improved gait outcomes [12-18]. Kuru et al., Goubar
et al.,, and Su et al. reported better walking ability at 30 days postoperatively among patients who mobilized
early [15-17]. Recognizing its importance, the National Hip Fracture Database includes "prompt
mobilization" as a key performance indicator and defines early mobilization as the day after surgery [19].
However, the long-term effects of early mobilization, particularly regarding gait recovery one year after
surgery, remain unclear. Previous studies have primarily assessed immediate postoperative outcomes, such
as time to first mobilization and early postoperative walking ability, rather than sustained functional
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recovery. While these short-term outcomes are valuable indicators of early progress, their relationship with
long-term gait function remains uncertain. Available studies have often been limited by relatively short
follow-up periods and methodological inconsistencies, making it difficult to determine whether early
mobilization leads to sustained improvements in functional independence. In addition, early mobilization
practices vary significantly globally, with rates of 55-90% [20]. These differences may be influenced by
multiple factors, including cultural attitudes toward rehabilitation, availability of healthcare resources, and
institutional policies on postoperative care. Such variability underscores the importance of developing
standardized mobilization protocols to enhance the comparability of study findings and improve global
rehabilitation strategies.

This cohort study aimed to investigate the association between early mobilization on the first postoperative
day and walking independence at one year postoperatively (primary outcome) in older adults after hip
fracture surgery. Additionally, we examined gait recovery (secondary outcome), defined as the ability to walk
using the same walking aid, or no aid, as before the injury.

Materials And Methods
Study design and participants

This prospective cohort study was conducted at Matsumoto City Hospital in Japan in accordance with the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines [21]. Data were
collected from April 2018 to April 2020, with follow-up through April 2021. Mobility assessments were
performed by trained physiotherapists involved in patient care; therefore, blinding was not possible.
However, all assessments followed a standardized protocol to ensure consistency. The clinical team
responsible for patient care conducted these measurements, which may have influenced mobilization
practices. This limitation was acknowledged in interpreting the study results. Patients were included if they
were able to walk independently indoors, regardless of the use of assistive devices (ambulatory), aged >65
years before the injury, had a femoral neck or trochanteric fracture, and were hospitalized for surgical
treatment. Only patients who were permitted full weight bearing from the first postoperative day, regardless
of the surgical method, were included in the study. The Institutional Ethics Committee of Matsumoto City
Hospital approved the study on May 23, 2017. Informed consent was obtained from all participants. Study
data, including objectives, criteria, and outcomes, were registered with UMIN-CTR (UMIN000054199).

Measurement

Patients with postoperative hip fractures were followed up prospectively to assess gait recovery. The patients
were divided into two groups: the early mobilization (EM) group, comprising patients who were mobilized on
the day after surgery, and the late mobilization (LM) group, including patients who were mobilized >2 days
after surgery [6,16,19]. Postoperative mobilization was defined as the ability to sit or stand out of bed with or
without help [6,19]. In addition to simple physical activities such as sitting or standing out of bed, a
structured rehabilitation program was conducted for all patients after surgery. This rehabilitation program
included physical therapy sessions focused on improving lower limb strength (e.g., quadriceps and hip
abductor exercises), postural balance (e.g., weight-shifting and static balance training), and gait training
(e.g., parallel bar exercises and overground walking with assistive devices as needed). The rehabilitation
regimen was tailored to each patient’s needs, and generally involved daily sessions lasting 20 to 40 minutes,
starting on the day after surgery or as soon as the patient was medically stable. Initially, passive or assisted
exercises were implemented for patients with limited mobility, progressing to active resistance exercises and
functional training. The program also emphasized weight-bearing activities as tolerated and encouraged
independent walking as early as possible. The rehabilitation continued throughout the hospitalization
period, aiming to maximize recovery and promote independent walking by the time of discharge from the
hospital.

Demographic and background data were collected through interviews with patients and family members, as
well as from medical records. We collected the following data from the included patients: 1) background data
such as age, sex, body mass index, comorbidity diseases (cardiovascular, respiratory, kidney, and
neurological diseases), and the Hasegawa Dementia Scale Revised (HDS-R) questionnaire (the HDS-R [22],

as a measure of cognitive function, was assessed within one week postoperatively); 2) walking status before
injury (walking without aids, with one-point cane, with walker, and with other aids); 3) place of residence
before admission; and 4) medical data such as fracture type, surgical procedure, waiting days for surgery,
complications [11] (deep vein thrombosis {DVT}, peroneal nerve palsy, infectious disease), and time to first
mobilization after surgery (in days). In addition, the study collected data on several treatment outcomes,
including the number of in-hospital days, walking status at discharge, walking functional independence
measure (FIM) [23], destination, walking status at one year, walking FIM at one year, death, readmission, and
re-fracture at one year postoperatively.

The main outcome was independent walking at discharge and one year postoperatively. We defined walking
independently as a walking FIM >5, regardless of the walking aid used, following the approach outlined by Fu
et al. [24]. FIM score >5 for walking indicates that the patient can with supervision or independently [23].
The secondary outcomes were gait recovery at discharge and one year postoperatively, defined by whether
the patient had recovered to pre-injury walking status and walking FIM >5. Information regarding gait status
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was collected by telephone or through a questionnaire one year after surgery. We classified walking status
based on the use of walking aids, similar to the approach used by Goubar et al. in their study on hip fracture
recovery [16]. However, unlike previous studies, our evaluation was restricted to indoor ambulation only.
Although we recognize the significance of home and community ambulation function, our focus on the use
of indoor walking aids provides a clear and consistent measure of mobility that is particularly relevant to the
daily living environment of older patients. By focusing on indoor ambulation, we aimed to capture the
functional mobility that directly affects the patient's ability to perform essential daily activities within their
living space.

The independent variables were EM and LM. The date of mobilization was defined as the date when the
patient started mobilization, regardless of assistance. We adjusted for confounding factors that influence
early postoperative mobilization based on previous studies [16,18]. These factors included age, pre-injury
walking ability, cognitive decline, and fracture type. Cognitive impairment was defined as an HDS-R score of
>21[22].

The study sample size was determined to be 100 patients based on a previous study [2] that reported a 70%
rate of independent walking one year after surgery and 10 events per covariate [25].

Statistical analysis

Continuous variables were presented as medians (interquartile range {IQR}), whereas categorical variables
were expressed as numbers and percentages. The treatment outcomes between the EM and LM groups were
compared using Pearson’s chi-square test, Fisher’s exact test for count data, and the Mann-Whitney U test.

Multivariate logistic regression analysis was performed to investigate the effect of early postoperative
mobilization on independent walking one year postoperatively. The dependent variable in this analysis was
the patient’s ability to walk independently one year postoperatively, whereas the independent variables were
early and late postoperative mobilization. All confounding variables were synthesized into propensity
scores, which were calculated using a model for predicting the postoperative mobilization timing. As the
amount of missing data, including the loss to follow-up data, exceeded 5%, we performed multiple
imputation and logistic regression analyses to account for the missing data [26]. To address missing data in
the dataset, we performed multiple imputations using the “mice” package in R software (version 4.3.2,
https://www.r-project.org), creating 20 complete datasets, using predictive mean matching for continuous
variables and logistic regression for categorical variables. Afterward, logistic regression models were applied
to each imputed dataset, and the results across the imputed datasets were integrated using Rubin’s rules
[27].

For the sensitivity analysis, we examined the potential effect of unknown confounders on the relationship
between postoperative early mobilization and independent walking by calculating E-values
(https://www.evalue-calculator.com/) [28]. Furthermore, we conducted a sensitivity analysis using complete
data to verify the robustness of the multiple imputation methods and assess potential biases introduced by
missing data patterns. Statistical analyses were performed in R software (version 4.3.2, https://www.r-
project.org). Statistical significance was set at P<0.05.

Results

In total, 104 patients were included in this study (Figure 7): 77 (74.0%) in the EM group and 24 (23.1%) in the
LM group.
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115 consecutive surgically treated hip
fracture patients admitted between April
2018 and April 2020

Excluded (n=11)
+ Did not meet the inclusion criteria
<65 years old (n=4)

Patients who could not walk before surgery (n=4)

Total recruited patients (n=104)

A 4

Data available for analysis (n=104)
+ Patients who were followed up 1 year postoperatively (n= 99)

+ Patients who were not followed up 1 year postoperatively (n=5)

FIGURE 1: Flow diagram of patient recruitment.

The median age of the patient was 86 years (IQR: 10 years). There were three cases (2.9%) of missing data for
the first mobilization day postoperatively, and five patients (4.8%) were lost to follow-up one year
postoperatively. The median ages (IQR) of the EM and LM groups were 86 (11.5) and 88 (5.5) years,
respectively. Prior to the injury, 40 (52.6%) and 10 (41.7%) patients in the EM and LM groups, respectively,
were able to ambulate without aids. Cognitive impairment was present in 27 (39.7%) and 12 (52.2%) patients
in the EM and LM groups, respectively. The median hospital stay was 53 days (IQR: 31) in the EM group and
62.5 days (IQR: 30.5) in the LM group (Table I).

Alln=104 EM group n =77 LM group n =24 NMV
Age (years) 86 (10) 86 (11.5) 88 (5.5) 2
Sex, n (%)
Male 16 (15.4) 12 (15.6) 4(16.1) 0
BMI (kg/m?) 20.0 (4.0) 20.2 (4.1) 19.9 (4.0) 3
Pre-fracture living situation, n (%) 0
-Own home 87 (83.7) 63 (81.8) 21 (87.5)
-Nursing facility 17 (16.3) 14 (18.2) 3(12.5)
Pre-fracture walking status, n (%) 4
-Walking without aids 51 (49.5) 40 (52.6) 10 (41.7)
-Walking with a one-point cane 22 (21.4) 15 (19.7) 6 (25.0)
-Walking with a walker 30 (29.1) 21(27.6) 8(33.3)
Cognitive impairment, n (%) 40 (42.6) 27 (39.7.) 12 (52.2) 13
Medical comorbidities, n (%)
-Respiratory disease 9(8.6) 8(10.4) 0 (0) 0
-Cardiovascular disease 33 (31.7) 24 (31.2) 7(29.2) 0
-Neurological disease 19 (18.3) 13 (16.9) 6 (25) 0
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-Chronic kidney disease 8(7.7) 6 (7.8) 2(8.3) 0
-Diabetes 10 (9.6) 7(9.1) 3(12.5) 0
Fracture type, n (%) 2
-Femoral neck 50 (49.0) 40 (53.3) 10 (41.7)

-Trochanteric 52 (51.0) 35 (46.7) 14 (58.3)

Surgical treatment, n (%) 2
-Osteosynthesis 23 (22.6) 17 (22.7) 6 (25.0)

-Artificial femoral head 79 (77.5) 58 (77.3) 18 (75.0)

Serum albumin before surgery 3.7 (0.5) 3.7 (0.5) 3.6 (0.5) 5

Complication during hospitalization, n (%)

-Peroneal nerve palsy 0 (0) 0 (0) 0 (0) 1
-DVT 0(0) 0(0) 0(0) 1
-Infection 12 (11.5) 10 (13.0) 2(8.3) 0
Waiting days for surgery 3.5(3) 3(3) 4(1.5) 4
Time to first postoperative mobilization (days) 1(0) 1(0) 2(1) 3
Hospital stay (days) 55 (34.3) 53 (31) 62.5 (30.5) 4
Destination after discharge, n (%) 0
-Own home 74 (71.2) 58 (75.3) 16 (66.7)

-Nursing home 28 (26.9) 19 (24.7) 7(29.2)

-Death 2(1.9) 0(0) 1(4.7)

TABLE 1: Patient demographic data.

Data are presented as numbers (percentages) or medians (IQR).

EM: early mobilization, LM: late mobilization, NMV: number of missing values, BMI: body mass index, DVT: deep vein thrombosis, IQR, interquartile range.

The number (%) of patients who were walking independently at discharge and one year postoperatively was
63 (60.6%) and 66 (63.5%), respectively. The EM group had a significantly higher percentage of patients who
could walk independently at discharge and at 1 year postoperatively compared to the LM group (P = 0.03,
0.004, respectively) (Table 2, Figure 2). The number of patients who recovered to their pre-injury walking
status at discharge and 1 year postoperatively was not significantly different between the two groups (P =
0.54, 0.08, respectively) (Table 2). There were no significant differences in death, rehospitalization, or re-
fracture rates within 1 year between the two groups (P = 0.94, 0.53, and 0.74, respectively).
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Walking status at discharge, n (%)
-Walking without aids

-Walking with a one-point cane
-Walking with a walker
-Wheelchair

-Death

Walking FIM at discharge 25, n (%)

Walking FIM 1-year after surgery 25, n (%)

Recovery to pre-injury waling status at discharge, n (%)

Recovery to pre-injury walking status 1 year after surgery, n
(%)

Mortality within 1 year, n (%)
Readmission within 1 year, n (%)

Re-fracture within 1 year, n (%)

EM group n =
77

4(5.3)
31(40.8)
33 (43.4)
8 (10.5)
0(0)

52 (76.5)

56 (77.8)

24 (31.6)

35 (48.6)

3(4)
14 (18.7)

5(6.7)

Iz.zll group n = ;I';:t statistic P_value
N/A 0.02

0 (0)

3(12.5)

16 (61.7)

4(16.7)

1(4.2)

11 (52.4) 473 0.03"

10 (45.5) 8.47 0.004"

6 (25) 0.38 054~

6 (27.3) 3.04 0.08"

1(4.3) N/A 0.94"

3(13) 2.39 0.53"

2(18.7) 2.36 0.12"

TABLE 2: Comparison of treatment outcomes between two groups.

Data are presented as numbers (percentages).

Test statistic (x?): The chi-square value calculated for comparisons using x? tests.

* Fisher's exact test was used where expected cell counts were <5.

** Chi-square test (x2) was used for categorical variables.

Statistical significance was set at p < 0.05.

EM: early mobilization, LM: late mobilization, NMV: number of missing values, FIM: functional independence measure, N/A: not applicable.

NMV

10

10

2025 Nakamura et al. Cureus 17(2): €79133. DOI 10.7759/cureus.79133

6 of 11



Cureus

Part of SPRINGER NATURE

Variables

At 1 year postoperatively

Late mobilization >1 day from
surgery to mobilization

Early mobilization <1 day from
surgery to mobilization

o Walking independently

(%) o Not Walking independently
=3
S,
— 48% 24%
2.
o0
76%
)
= ©
3
2 0,
8 2l 52%
=t
1
=
LM EM

At discharge postoperatively

= Walking independently

(%) o Not Walking independently
o
S
- 55% 22%
=3
]
78%
2 |
2o
g
L
~ &1 45%
=
aQ
o
LM EM

At 1 year postoperatively

FIGURE 2: Early mobilization after surgery and walking independently.

EM: early mobilization group, consisting of patients who were mobilized on the day after surgery, LM: late
mobilization group, consisting of patients who were mobilized two days or more after surgery.

After adjusting for confounders, multivariate logistic regression analysis showed that EM within one day of
surgery was associated with independent walking one year postoperatively, with an odds ratio (OR) of 3.79
(95% confidence interval {CI}: 1.30-11.06) (Table 3). However, no significant association was found between
early postoperative mobilization and recovery of pre-injury walking status one year postoperatively (Table

4.
. Walking )

Patients, | Adjusted
independence rate, n )

n (%) odds ratio*
(%)

Completed data (n=94)

22 (23.4) 10 (45.5) 1.00 (ref)

72 (76.6) 56 (77.8) 3.28

p- Adjusted p-
95% CI 95% CI
value odds ratio* value
Lower Upper Lower Upper
Multiple imputation data
1.00 (ref)
1.07 10.02 0.037 3.79 1.30 11.06 0.01

TABLE 3: Odds ratios for walking independence one year postoperatively, associated with early
postoperative mobilization in older patients after hip fracture surgery.

Data are presented as N (%).

Statistical significance was set at p < 0.05.

Cl: confidence interval, ref: reference.

* Applying the propensity score calculated using a model for predicting the postoperative mobilization timing, whether early or late mobilization, considering
the confounding variables age, preoperative walking ability, cognitive impairment, and fracture type.
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Adjusted
p- p-
i Patients, Recovery of pre-injury Adjusted HhE value e e value
Variables i i ratio*
n (%) walking status, n (%) odds ratio*
Lower Upper Lower Upper
At 1 year postoperatively Completed data (n=94) Multiple imputation data
Late mobilization >1 day from
o 22(23.4) 6(27.3) 1.00 (ref) 1.00 (ref)
surgery to mobilization
Early mobilization <1 days
72 (76.6) 35 (48.6) 1.65 0.53  5.51 0.40 1.93 0.61 6.12 022

from surgery to mobilization

TABLE 4: Odds ratios for recovery of pre-injury walking status one year postoperatively,
associated with early postoperative mobilization in older patients after hip fracture surgery.

Data are presented as N (%).
Statistical significance was set at p < 0.05.
Cl: confidence interval, ref: reference.

* Applying the propensity score calculated using a model for predicting the postoperative mobilization timing, whether early or late mobilization, considering
the confounding variables: age, preoperative walking ability, cognitive impairment, and fracture type.

Sensitivity analysis yielded comparable results for models that used complete data and those that accounted
for multiple assignments of missing values. Subsequently, to evaluate the influence of potential unmeasured
confounders on the relationship between postoperative early mobilization and independent walking at one
year postoperatively, we calculated the E-value for the point estimate (3.3) and the CI (1.54).

Discussion

Our findings provide evidence that early mobilization one day after hip fracture surgery is significantly
associated with independent walking at one year postoperatively. The percentage of participants in our
study who walked independently after one year was 63.5% (66 of 104 participants), which was similar to the
findings of Fu et al. who evaluated independent walking using the same criteria (FIM score >5) [24]. Early
mobilization is associated with gait recovery at 30 days and two months postoperatively in patients with hip
fractures [15-17]. Furthermore, we provide new evidence that early mobilization is associated with
independent walking one year after surgery. A previous study reported that mobility at discharge was
associated with ambulatory ability one year postoperatively [2]. Some previous studies have indicated that
early postoperative mobility improves walking ability at one or two months [15-17]. Considering the results
of previous studies [15-17], reacquiring the ability to walk at an early stage (30 days or two months) via early
mobilization may affect walking independently one year later. In our study, no significant difference in
postoperative complications was observed between the early mobilization and usual care groups. However,
early mobilization may have contributed to improved gait function at one year by increasing opportunities
for standing and walking exercises, thereby facilitating muscle strength recovery. The precise mechanisms
underlying this effect remain unclear, highlighting the need for further research to better understand how
early mobilization supports long-term functional outcomes.

In contrast to the findings of Goubar et al., we found no association between early mobilization and recovery
to pre-injury walking status [16]. This lack of association could be affected by several factors that were not
measured in this study, including the individualization of the care provided by the rehabilitation staff. The
variability in the prescription of walking aids probably reflects an approach to personalized patient care
rather than a deficiency in standardization. However, this raises important questions about the factors that
affect walking aid decisions and how these decisions impact recovery. Future studies should explore the role
of walking aid prescription in rehabilitation outcomes to better understand these dynamics.

According to global data, the proportion of patients mobilized early is 55-90% in several countries [20],
indicating significant variations in early mobilization practices worldwide. These variations may reflect
differences in healthcare resources, staffing levels, or cultural approaches to patient care. Based on the
results of previous studies and those of the present study [6,12,14,15], we suggest that clinicians should
promote early mobilization postoperatively in the absence of a contraindicated condition that makes
mobilization difficult.

This study has several limitations. First, 9.6% (10 of 104 participants) had missing values regarding
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outcomes at one year, and 12.5% (13 of 104 participants) had missing values regarding cognitive function
tests. Therefore, we assumed that the defect pattern was missing at random and performed multiple
imputations. In addition, we performed a sensitivity analysis of the complete data and obtained results
similar to those of the multiple imputation method, confirming the robustness of the statistical method
used in this study.

Second, the lack of blinding introduces the potential for observer bias, as the physical therapist conducting
the mobility assessments was also involved in patient care. Although a standardized protocol was used to
ensure consistency, this does not completely eliminate the possibility of bias. Future studies should consider
independent assessors or objective measurement tools to enhance the reliability of mobility evaluations.

The barriers to early mobilization require further investigation. Although our study did not aim to measure
these barriers directly, previous studies have identified factors such as patient confusion, pain, and
hypotension as significant challenges [29]. These barriers are critical to understanding and improving early
mobilization strategies. Future studies should focus on identifying and addressing these barriers within
clinical settings to improve postoperative recovery protocols.

Finally, this study included a single-center cohort with a relatively small sample size, which may limit the
generalizability of the findings. Additionally, the exclusion of non-ambulatory patients and those under 65
years of age further restricts the applicability of our results to younger individuals and patients with
different functional backgrounds.

Moreover, while the E-value approach provides an estimate of the minimum strength of association that an
unmeasured confounder would need to explain away the observed results, it does not directly quantify or
adjust for these confounders. Therefore, residual confounding cannot be entirely ruled out. Future studies
with more comprehensive data on potential confounders are needed to further validate our findings.

This study also has several strengths. First, the follow-up period after hip fracture surgery was one year.
Although most previous studies describe a follow-up of two months, this study is considered novel because
it monitored the prognosis of walking at one year postoperatively [12,16,17]. Second, we used outcomes and
confounding factors that are commonly used in clinical practice. After adjusting for confounding factors
assumed in previous studies, we examined the effects of early mobilization after surgery on walking
independently.

Conclusions

This study found that early postoperative mobilization (EM) is significantly associated with a higher
likelihood of independent walking one year after hip fracture surgery in older patients. Patients who
mobilized early were nearly four times more likely to achieve independent ambulation, highlighting the
importance of incorporating EM into standard postoperative care.

Future research should address barriers to EM and validate these findings through larger, multicenter
studies to guide evidence-based rehabilitation practices.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Keisuke Nakamura, Tomohiro Sasaki, Masayuki Shimizu

Acquisition, analysis, or interpretation of data: Keisuke Nakamura, Takashi Kitagawa, Masayuki
Shimizu, Kaoru Aoki

Drafting of the manuscript: Keisuke Nakamura

Critical review of the manuscript for important intellectual content: Keisuke Nakamura, Tomohiro
Sasaki, Takashi Kitagawa, Masayuki Shimizu, Kaoru Aoki

Supervision: Keisuke Nakamura, Masayuki Shimizu

Disclosures

Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Institutional Ethics Committee, Matsumoto City Hospital issued approval dated
May 23, 2017. Animal subjects: All authors have confirmed that this study did not involve animal subjects

2025 Nakamura et al. Cureus 17(2): €79133. DOI 10.7759/cureus.79133 9 of 11


javascript:void(0)
javascript:void(0)

Cureus

Part of SPRINGER NATURE

or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare
the following: Payment/services info: This work was supported by the Japan Society for the Promotion of
Science Grants-in-Aid for Scientific Research (JSPS KAKENHI) grant number JP 24K20496. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

Acknowledgements

We are especially thankful to all of the study participants, as well as to the rehabilitation staff for their
assistance with data collection. Data are available on reasonable request. The data are stored as de-identified
participant data, which can be requested by contacting Keisuke Nakamura at keipons55@yahoo.co.jp.

References

1. Feng]N, Zhang CG, Li BH, Zhan SY, Wang SF, Song CL: Global burden of hip fracture: the Global Burden of
Disease Study. Osteoporos Int. 2024, 35:41-52. 10.1007/s00198-023-06907-3

2. Fukui N, Watanabe Y, Nakano T, Sawaguchi T, Matsushita T: Predictors for ambulatory ability and the
change in ADL after hip fracture in patients with different levels of mobility before injury: a 1-year
prospective cohort study. ] Orthop Trauma. 2012, 26:163-71. 10.1097/BOT.0b013%e31821e1261

3. Guzon-Illescas O, Perez Fernandez E, Crespi Villarias N, et al.: Mortality after osteoporotic hip fracture:
incidence, trends, and associated factors. ] Orthop Surg Res. 2019, 14:203. 10.1186/s13018-019-1226-6

4. Haentjens P, Lamraski G, Boonen S: Costs and consequences of hip fracture occurrence in old age: an
economic perspective. Disabil Rehabil. 2005, 27:1129-41. 10.1080/09638280500055529

5. BarneaR, Weiss Y, Abadi-Korek I, Shemer J: The epidemiology and economic burden of hip fractures in
Israel. Isr ] Health Policy Res. 2018, 7:38. 10.1186/s13584-018-0235-y

6. Hip fracture: management. (2011). https://www.nice.org.uk/guidance/cg124.

7. McDonough CM, Harris-Hayes M, Kristensen MT, Overgaard JA, Herring TB, Kenny AM, Mangione KK:
Physical therapy management of older adults with hip fracture . ] Orthop Sports Phys Ther. 2021, 51:CPG1-
CPG81. 10.2519/jospt.2021.0301

8. Halbert ], Crotty M, Whitehead C, et al.: Multi-disciplinary rehabilitation after hip fracture is associated
with improved outcome: A systematic review. ] Rehabil Med. 2007, 39:507-12. 10.2340/16501977-0102

9. Agarwal N, Feng T, Maclullich A, Duckworth A, Clement N: Early mobilisation after hip fracture surgery is
associated with improved patient outcomes: a systematic review and meta-analysis. Musculoskeletal Care.
2024, 22:e1863. 10.1002/msc.1863

10.  Ferris H, Brent L, Coughlan T: Early mobilisation reduces the risk of in-hospital mortality following hip
fracture. Eur Geriatr Med. 2020, 11:527-33. 10.1007/s41999-020-00317-y

11. Kenyon-Smith T, Nguyen E, Oberai T, Jarsma R: Early mobilization post-hip fracture surgery. Geriatr Orthop
Surg Rehabil. 2019, 10:2151459319826431. 10.1177/2151459319826431

12.  Siu AL, Penrod JD, Boockvar KS, Koval K, Strauss E, Morrison RS: Early ambulation after hip fracture: effects
on function and mortality. Arch Intern Med. 2006, 166:766-71. 10.1001/archinte.166.7.766

13.  Xiang Z, Chen Z, Wang P, et al.: The effect of early mobilization on functional outcomes after hip surgery in
the Chinese population - a multicenter prospective cohort study. ] Orthop Surg (Hong Kong). 2021,
29:23094990211058902. 10.1177/23094990211058902

14.  Morri M, Forni C, Marchioni M, Bonetti E, Marseglia F, Cotti A: Which factors are independent predictors of
early recovery of mobility in the older adults’ population after hip fracture? A cohort prognostic study. Arch
Orthop Trauma Surg. 2018, 138:35-41. 10.1007/s00402-017-2803-y

15.  Kuru T, Olcar HA: Effects of early mobilization and weight bearing on postoperative walking ability and
pain in geriatric patients operated due to hip fracture: a retrospective analysis. Turk ] Med Sci. 2020,
50:117-25. 10.3906/sag-1906-57

16.  Goubar A, Martin FC, Potter C, Jones GD, Sackley C, Ayis S, Sheehan KJ: The 30-day survival and recovery
after hip fracture by timing of mobilization and dementia : a UK database study. Bone Joint J. 2021, 103-
B:1317-24. 10.1302/0301-620X.103B7.B]]-2020-2349.R1

17.  SuB, Newson R, Soljak H, Soljak M: Associations between post-operative rehabilitation of hip fracture and
outcomes: national database analysis (90 characters). BMC Musculoskelet Disord. 2018, 19:211.
10.1186/s12891-018-2093-8

18.  Mashimo S, Kubota J, Sato H, Saito A, Gilmour S, Kitamura N: The impact of early mobility on functional
recovery after hip fracture surgery. Disabil Rehabil. 2023, 45:4388-93. 10.1080/09638288.2022.2151652

19. National Hip Fracture Database (NFHD) Annual Report 2019. (2019).
https://www.nhfd.co.uk/files/2019ReportFiles/NHFD_2019_Annual Report v101.pdf.

20. Johansen A, Golding D, Brent L, et al.: Using national hip fracture registries and audit databases to develop
an international perspective. Injury. 2017, 48:2174-9. 10.1016/j.injury.2017.08.001

21.  von Elm E, Altman DG, Egger M, Pocock SJ, Ggtzsche PC, Vandenbroucke JP: The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting
observational studies. ] Clin Epidemiol. 2008, 61:344-9. 10.1016/j.jclinepi.2007.11.008

22.  Gong Q, Ishii M, Numata O, Xie W, Hirata T: Utility of a shortened Hasegawa Dementia Scale Revised
questionnaire to rapidly screen and diagnose Alzheimer's disease. Aging Med (Milton). 2021, 4:109-14.
10.1002/agm2.12152

23. Hamilton BB, Laughlin JA, Fiedler RC, Granger CV: Interrater reliability of the 7-level functional
independence measure (FIM). Scand ] Rehabil Med. 1994, 26:115-9.

24. FuG,LiM, Xue Y, Wang H, Zhang R, Ma Y, Zheng Q: Rapid preoperative predicting tools for 1-year
mortality and walking ability of Asian elderly femoral neck fracture patients who planned for hip

2025 Nakamura et al. Cureus 17(2): €79133. DOI 10.7759/cureus.79133 10 of 11


https://dx.doi.org/10.1007/s00198-023-06907-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00198-023-06907-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/BOT.0b013e31821e1261?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/BOT.0b013e31821e1261?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13018-019-1226-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13018-019-1226-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/09638280500055529?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/09638280500055529?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13584-018-0235-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13584-018-0235-y?utm_medium=email&utm_source=transaction
https://www.nice.org.uk/guidance/cg124?utm_medium=email&utm_source=transaction
https://www.nice.org.uk/guidance/cg124?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2519/jospt.2021.0301?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2519/jospt.2021.0301?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2340/16501977-0102?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2340/16501977-0102?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/msc.1863?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/msc.1863?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s41999-020-00317-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s41999-020-00317-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/2151459319826431?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/2151459319826431?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/archinte.166.7.766?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/archinte.166.7.766?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/23094990211058902?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/23094990211058902?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00402-017-2803-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00402-017-2803-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3906/sag-1906-57?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3906/sag-1906-57?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1302/0301-620X.103B7.BJJ-2020-2349.R1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1302/0301-620X.103B7.BJJ-2020-2349.R1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12891-018-2093-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s12891-018-2093-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/09638288.2022.2151652?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/09638288.2022.2151652?utm_medium=email&utm_source=transaction
https://www.nhfd.co.uk/files/2019ReportFiles/NHFD_2019_Annual_Report_v101.pdf?utm_medium=email&utm_source=transaction
https://www.nhfd.co.uk/files/2019ReportFiles/NHFD_2019_Annual_Report_v101.pdf?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.injury.2017.08.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.injury.2017.08.001?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jclinepi.2007.11.008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jclinepi.2007.11.008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/agm2.12152?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1002/agm2.12152?utm_medium=email&utm_source=transaction
https://europepmc.org/article/med/7801060?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13018-021-02605-0?utm_medium=email&utm_source=transaction

Cureus

Part of SPRINGER NATURE

arthroplasty. ] Orthop Surg Res. 2021, 16:455. 10.1186/s13018-021-02605-0

25.  Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR: A simulation study of the number of events per
variable in logistic regression analysis. ] Clin Epidemiol. 1996, 49:1373-9. 10.1016/s0895-4356(96)00236-3

26. Lee K], Tilling KM, Cornish RP, et al.: Framework for the treatment and reporting of missing data in
observational studies: the treatment and reporting of missing data in observational studies framework. |
Clin Epidemiol. 2021, 134:79-88. 10.1016/j.jclinepi.2021.01.008

27. Marshall A, Altman DG, Holder RL, Royston P: Combining estimates of interest in prognostic modelling
studies after multiple imputation: current practice and guidelines. BMC Med Res Methodol. 2009, 9:57.
10.1186/1471-2288-9-57

28. VanderWeele TJ, Ding P: Sensitivity analysis in observational research: introducing the E-value . Ann Intern
Med. 2017, 167:268-74. 10.7326/M16-2607

29. Miinter KH, Clemmesen CG, Foss NB, Palm H, Kristensen MT: Fatigue and pain limit independent mobility
and physiotherapy after hip fracture surgery. Disabil Rehabil. 2018, 40:1808-16.
10.1080/09638288.2017.1314556

2025 Nakamura et al. Cureus 17(2): €79133. DOI 10.7759/cureus.79133 11 of 11


https://dx.doi.org/10.1186/s13018-021-02605-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0895-4356(96)00236-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/s0895-4356(96)00236-3?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jclinepi.2021.01.008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.jclinepi.2021.01.008?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/1471-2288-9-57?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/1471-2288-9-57?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7326/M16-2607?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7326/M16-2607?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/09638288.2017.1314556?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1080/09638288.2017.1314556?utm_medium=email&utm_source=transaction

	Effect of Early Mobilization on Gait Recovery One Year After Hip Fracture Surgery: A Single-Center Cohort Study
	Abstract
	Introduction
	Materials And Methods
	Study design and participants
	Measurement
	Statistical analysis

	Results
	FIGURE 1: Flow diagram of patient recruitment.
	TABLE 1: Patient demographic data.
	TABLE 2: Comparison of treatment outcomes between two groups.
	FIGURE 2: Early mobilization after surgery and walking independently.
	TABLE 3: Odds ratios for walking independence one year postoperatively, associated with early postoperative mobilization in older patients after hip fracture surgery.
	TABLE 4: Odds ratios for recovery of pre-injury walking status one year postoperatively, associated with early postoperative mobilization in older patients after hip fracture surgery.

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


