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Abstract

Introduction: Up to one-third of patients with fragility hip fractures are totally dependent in the year following the
injury which leads to later morbidity and mortality. Understanding the related factors that affect patients’ ambulation
helps health care providers prepare for the treatment plans to improve their functional outcomes. This study aimed to
evaluate the factors associated with independent walking disability in the early postoperative period after fragility hip
fractures. Material and methods: This retrospective cohort study involved 394 patients with fragility hip fractures
with either intertrochanteric, subtrochanteric, or femoral neck fractures from January 2018 to June 2023. The related
factors including preoperative demographics, perioperative, and postoperative factors, were collected and analyzed. The
endpoint was the independent walking disability of patients at 6 weeks after surgery. Results: |10 patients (27.9%) were
disabled, whereas 284 patients (72.1%) could walk independently at postoperative 6 weeks. The multivariable risk ratio
regression analysis showed that patients with age >80 years (RR 1.65; 95% CI 1.21-2.25; P = 0.001), pre-fracture walking
with the gait aid (RR 2.03; 95% CI 1.53-2.69; P < 0.001), having >2 underlying comorbidities (RR 1.63; 95% CI 1.19-2.23;
P = 0.002), preoperative hypoalbuminemia (RR 1.74; 95% CIl 1.32-2.29; P < 0.001), and presence of the postoperative
medical complication (RR 2.04; 95% CI 1.37-3.02; P < 0.001) were significantly associated with independent walking
disability at the early postoperative period of 6 weeks. Conclusions: Post-hip fracture surgery patients with the
presence of postoperative medical complication have the highest risk of independent walking disability. Health care
providers should concentrate on high-risk patients, correct the modifiable factors, and minimize any postoperative
complications to improve functional recovery and decrease morbidity related to non-ambulation after fragility hip
fractures.
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Introduction

Fragility hip fractures are 1 of the major health care issues
in recent years, as the increased incidence of osteoporosis
in the emerging elderly population." With a global esti-
mated 14.2 million fragility hip fractures annually, the
number of patients will become greater by 1.9 times in the
year 2050.% These patients are vulnerable to developing
any morbidities from direct surgical-related issues eg,
wound infection and hardware failure, to postoperative
medical complications such as pressure sores, urinary tract
infection, acute kidney injury, cerebrovascular and car-
diopulmonary problems.* Moreover, 1-year mortality in
patients with fragility hip fractures remains high, ranging
from 13%-30%.>® These fractures not only affect the
patients’ physical and mental status, but also burden their
relatives and caregivers especially in the first 3 months
after treatment.’

Early ambulation is the important goal following fra-
gility hip fracture treatment to prevent the related mor-
bidity and mortality.” However, a previous study
demonstrated that only 40%—-60% of patients were able to
regain their previous level of ambulation after fracture, and
nearly one-third of them remained totally dependent or in a
nursing home.'®'" Approximately 50% of patients could
resume walking as pre-fracture status within the initial
6 months, with minimal improvement observed in the
subsequent periods.'>'* The early walking ability, either
within hospitalization or postoperative 1 month is a pre-
diction factor of both 1-year and 10-year survivorship. The
patients who could walk in the early postoperative period
showed a significant improvement in the survivorship after
surgery.'* Providing a fracture liaison service model with
holistic approaches is encouraged to enhance the ambu-
latory status of the patients after fragility hip fractures.®
Recently, there has been a gap of knowledge in the factors
influencing walking disability among fragility hip fracture
patients, particularly the early postoperative 6 weeks post-
surgery, as this time is the beginning of functional recovery
for patients in transitioning from acute care to rehabili-
tation and start to regain mobility and independence.'® The
aim of this study was to evaluate the factors influencing
independent walking disability at 6 weeks in patients
undergoing fragility hip fracture surgery. Understanding
these factors may help health care providers better prepare
treatment plans to improve patients’ functional outcomes
and ambulatory status.

Material and Methods

This retrospective cohort study was conducted and ob-
tained the data of fragility hip fracture patients from
January 2018 to June 2023. The protocol of this study was
approved by the Human Research Ethics Committee.

Patients aged 60 years and older with fragility hip fractures
either intertrochanteric, subtrochanteric, or femoral neck
fractures, were enrolled in this study. The fragility hip
fractures were diagnosed when the fractures were caused
by a minor trauma or a fall from a standing height.'® The
exclusion criteria were the patients with pre-fracture status
of bedridden or wheelchair ambulation, refused or had
severe medical conditions that were unstable for surgical
treatment, pathological fractures from malignancy, and
loss to follow-up or death before postoperative 6 weeks.
Surgical intervention was performed by board-certified
orthopedic surgeons, and the procedures varied accord-
ing to the fracture characteristics. All patients received
identical postoperative physical therapy protocol including
muscle strengthening and balancing exercises. They were
taught to move from sitting to standing positions and from
bed to chair, while walking training with a gait aid was
encouraged for those who could tolerate it. Before dis-
charge, patients and their caregivers were instructed to
continue the physical therapy and home care programs.
The patients were then scheduled for routine follow-up
visits at 6 weeks after surgery.

General information and the data of related factors were
systematically obtained from a chart review. Preoperative
demographics and underlying comorbidities, pre-fracture
walking status, nutritional status evaluated by serum al-
bumin, kidney function assessed by the glomerular fil-
tration rate (GFR), and fracture characteristics, were the
collected variables. The pre-fracture walking status was
classified into 2 groups: the patients who required the
assistance of a gait aid and the patients who were able to
walk without a gait aid. Perioperative factors including the
waiting time for surgery, the American Society of Anes-
thesiologists (ASA) physical status classification, and the
operative procedures, were retrieved. The postoperative
parameters consisted of triceps and quadriceps muscle
strength which was evaluated by manual muscle testing on
the day before discharge from the hospital. Triceps muscle
strength was assessed by the power of elbow extension,
whereas quadriceps muscle strength was evaluated by the
power of knee extension. The grading of both triceps and
quadriceps muscle strength ranged from grade zero (no
muscle tone) to grade V (resist gravity and be able to hold
out against the maximum break force).'” The other
postoperative parameters included the Barthel index, a
measurement tool that is used to evaluate physical per-
formance in activities of daily living (ADL). It comprises
10 variables which are based on ADL and mobility, and
each item is rated on a scale. A higher score is, a greater
likelihood of the patient being independent after discharge
from the hospital.'® The intraoperative and postoperative
medical complications were the adverse events that arose
during and after surgical intervention during hospitaliza-
tion, respectively. The specific conditions that were likely
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to impact the patients’ walking ability eg, unstable he-
modynamic status, pressure sores, urinary tract infection,
urinary retention, pneumonia, cerebrovascular and car-
diopulmonary complications, were also collected. The
clinical endpoint of this study was the independent walking
disability at postoperative 6 weeks. Patients were classified
as having “independent walking disability” when the in-
dividuals required human assistance for ambulation or
became dependent on a wheelchair. In contrast, patients
classified as having “independent walking ability” referred
to those who could walk with or without gait aid, but
without human assistance.'’

Statistical Analyses

As a comparison of data between the independent walking
disability and the ability group, the continuous variables
were analyzed using the Student’s t-test which demon-
strated a comparison of means and standard deviation (SD)
between the 2 groups. For categorical variables, the per-
centage values between groups were analyzed by the exact
probability test. In exploring the factors that impact in-
dividual outcomes, the univariable risk ratio regression
analysis was employed, incorporating the focused 7 vari-
ables (age, pre-fracture walking status, preoperative serum
albumin level, preoperative GFR, underlying comorbid-
ities, presence of the intraoperative and postoperative
medical complications). Crude risk ratios and their re-
spective 95% confidence interval (CI) were established at a
significance level of 0.05. The focused variables were
considered and indicated as follows: age, specified with a
cut-off at 80 years and older; preoperative hypo-
albuminemia, denoted by a serum albumin level <3.5 g/dL;
preoperative kidney impairment, identified by a
GFR <60 mL/min/1.73 m?; and underlying comorbidities,
defined as the presence of 2 or more concurrent diseases
before fracture. Following this, these variables were in-
tegrated into the equation for multivariable risk ratio re-
gression analysis. The multivariable risk ratios and their
95% CI were then calculated to identify the significance
contributing to the prediction of independent walking
disability.

Determining the sample size is crucial to ensure the
statistical power needed for reliable results. In this study,
the power of 80% was set to achieve a significance level of
0.05. Based on the practical data and a study by Smith
et al*® which demonstrated the prevalence of disability
prior to hip fractures, we estimated a ratio of 1:9 for pa-
tients who were unable to walk independently to those who
were able to walk independently, and specifically focused
on the age of the patients to identify through a preliminary
pilot study as the factor that necessitated the largest sample
size. This meticulous approach ensured that the number of
study subjects was adequate to detect the effects within the

specified confidence level. All statistical analyses were
performed using Stata/BE 17.0 software (StataCorp LP,
College Station, TX, USA), and statistical significance was
defined as a P-value <0.05.

Results

A total of 486 patients with fragility hip fractures were
enrolled in this study. Of those, 92 patients were excluded
as follows: 62 patients were denied or unstable for surgery,
3 patients were bedridden before fracture, 17 patients died
before follow-up, and 10 patients were lost to follow-up.
The remaining 394 patients were included in the final
analysis. Among them, 110 patients (27.9%) were unable
to walk independently, while 284 patients (72.1%) could
walk independently (Figure 1). The majority of patients
were female in both groups (68.2% and 77.8% in the
independent walking disability and the ability group, re-
spectively). When comparing the 2 groups, the indepen-
dent walking disability group had a larger percentage of
patients who were diagnosed with an intertrochanteric
fracture of the femur than the independent walking ability
group (64.5% vs 52.5%, respectively). Additionally, the
patients in the independent walking disability group also
provided an older average age (82.2 + 8.2 years vs 75.9 £+
8.8 years, P <0.001), a larger percentage of the individuals
who required the gait aid before fracture (51.5% vs 20.5%,
P<0.001), a greater prevalence of patients with underlying
comorbidities (56.4% vs 35.9%, P < 0.001), a lower av-
erage preoperative serum albumin level (3.5 + 0.5 g/dL vs
3.8+ 0.5 g/dL, P <0.001), a lower average preoperative
GFR (60.4 +22.3 mL/min/1.73 m? vs 68.1 + 22.5 mL/min/
1.73 m?, P = 0.003), a larger percentage of patients who
had the intraoperative medical complication (38.9% vs
24.5%, P=0.006), and a larger percentage of patients who
had the postoperative medical complication (75.9% vs
39.2%, P <0.001). Poor triceps muscle strength (grade 0-
IIT) was found in almost half of the patients in the inde-
pendent walking disability group. In contrast, only 10.8%
of patients in the independent walking ability group had
weakness of the triceps muscle (Table 1).

The univariable risk ratio regression analysis which
involved the determining cut points for age, serum albu-
min, and GFR demonstrated that all 7 variables were
practical for being prognostic factors predicting the in-
dependent walking disability. Notably, presence of the
postoperative medical complication was the most robust
factor with a risk ratio of 3.22 (95% CI 2.17-4.77, P <
0.001), followed by pre-fracture walking with the gait aid
(RR 2.61; 95% CI 1.90-3.58, P < 0.001), age >80 years
(RR 2.40; 95% CI 1.71-3.36, P < 0.001), preoperative
hypoalbuminemia (RR 1.84; 95% CI 1.33-2.54, P <
0.001), having >2 underlying comorbidities (RR 1.81;
95% CI 1.32-249, P < 0.001), presence of the
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Figure I. A diagram showing the flow of patients in the study.

intraoperative medical complication (RR 1.60; 95% CI
1.16-2.19, P=0.004), and preoperative kidney impairment
(RR 1.52; 95% CI 1.11-2.08; P = 0.009) (Table 2).

Nevertheless, when employing all 7 variables in a
multivariable risk ratio regression analysis, only 5 critical
variables significantly predicted the independent walking
disability. These factors included the presence of post-
operative medical complication (RR 2.04; 95% CI 1.37-
3.02, P<0.001), pre-fracture walking with the gait aid (RR
2.03; 95% CI 1.53-2.69, P < 0.001), preoperative hypo-
albuminemia (RR 1.74; 95% CI = 1.32-2.29, P < 0.001),
age >80 years (RR 1.65;95% CI1.21-2.25, P=0.001), and
having >2 underlying comorbidities (RR 1.63; 95% CI
1.19-2.23, P = 0.002) (Table 3). According to the final
model, the coefficient plot illustrates the multivariable risk
ratios, emphasizing pre-fracture walking with the gait aid
and presence of the postoperative medical complication as
the 2 highest-risk ratio prognostic factors (Figure 2).

Discussion

Recovery of independent walking after surgical treatment
of fragility hip fractures is associated with improvement of
the patients’ quality of life, decreasing morbidity and
mortality.?! Walking ability and motion restoration are
among the most common concerns for patients with fra-
gility hip fractures during the postoperative period.”> Our
study found that the presence of at least 1 postoperative

medical complication and the use of a gait aid prior to the
fracture were the most significant factors associated with
independent walking disability at 6 weeks postoperatively
in fragility hip fracture patients aged >60 years. In addition,
the other factors like the elderly with 80 years of age and
above, poor nutritional status, and having 2 or more un-
derlying diseases at the time of surgery, were the risk of the
undesirable outcome of post-surgical walking ability. For
the intermediate and late postoperative period, a study by
Ko?? concluded that older adults >65 years old, altogether
with poor pre-fracture ambulatory status, and living in a
long-term care facility, were the risk factors of walking
recovery failure after 3 to 6 months of hip fracture surgery.
Another study by Fu et al** also demonstrated that pre-
operative walking ability, surgical procedure, anesthesia
procedure, smoking history, gender, Charlson Co-
morbidity Index (CCI) score, age, serum albumin, and
chest radiograph, were the significant predictors of
walking ability at 1 year after arthroplasty in patients with
femoral neck fractures. However, in the earliest postop-
erative period, Buecking et al*> conducted a prospective
observational study and found that pre-fracture CCI, ASA
classification, pre-fracture Barthel index, and depression
risk were the independent factors influencing walking
ability at 4-day post-hip fracture surgery.

This study defined the assessment at 6 weeks after
fragility hip fracture surgery as the steady recovery of the
ADL in hip fracture patients begins approximately
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Table 1. Patients’ Characteristics.
Independent Walking Disability Independent Walking Ability
Variables (n=110) (n = 284) P-value
Preoperative factors
* Gender (Female, %) 75 (68.2) 221 (77.8) 0.052
* Age (years)® 822 +82 759 + 88 <0.001
* Underlying comorbidities (n, %)
o Hypertension 73 (66.4) 153 (53.9) 0.016
o Diabetes mellitus 30 (27.3) 62 (21.8) 0.288
o Chronic kidney disease 27 (24.6) 39 (13.7) 0.015
o Cardiac disease 7 (6.4) 13 (4.6) 0.452
o Cerebrovascular disease I'1(10.0) 14 (4.9) 0.104
o Dyslipidemia 25 (22.7) 58 (20.4) 0.680
o Pulmonary disease 12 (10.9) 13 (4.6) 0.035
o Alzheimer’s disease 9 (8.2) 8 (2.8) 0.026
* Body mass index (kg/m?)* 203 £ 3.8 213 £ 4. 0.033
* Pre-fracture walking with the gait aid (n, %) 53 (51.5) 57 (20.5) <0.001
* Serum albumin level (g/dL)* 35+£05 3805 <0.001
*+ GFR (mL/min/1.73 m?)? 60.4 £ 22.3 68.1 £ 225 0.003
* Fracture types (n, %) 0.026
o Femoral neck fracture 32 (29.1) 123 (43.3)
o Intertrochanteric fracture of the femur 71 (64.5) 149 (52.5)
o Subtrochanteric fracture of the femur 7 (6.4) 12 (4.2)
Perioperative factors
* Waiting time for surgery (median [IQR]) (hr) 27.5 [13.5, 48.5] 27 [10, 68] 0.793
* ASA classification (n, %) <0.001
o l-ll 1 (0.9) 41 (14.7)
olll 102 (95.3) 233 (83.5)
o V-V 4 (3.7) 5(1.8)
* Operative procedures (n, %) 0.006
o Plate and screws fixation 13 (11.8) 51 (18.0)
o Intramedullary nail fixation 63 (57.3) 112 (39.4)
o Arthroplasty 34 (30.9) 121 (42.6)
* Presence of the intraoperative medical 42 (38.9) 68 (24.5) 0.006
complication (n, %)
Postoperative factors
* Triceps muscle strength (n, %) <0.001
o Grade 0-llI 29 (50.0) 20 (10.8)
o Grade IV-V 29 (50.0) 165 (89.2)
* Quadriceps muscle strength (n, %) 0.051
o Grade 0-llI 56 (98.3) 164 (89.6)
o Grade IV-V 1 (1.7) 19 (10.4)
* Barthel index® 54+ 6.0 158 £ 4.5 <0.001
* Presence of the postoperative medical 82 (75.9) 109 (39.2) <0.001

complication (n, %)

*Notes: Data are presented as mean * SD for age, body mass index, serum albumin level, GFR, and Barthel index.

6-8 weeks after fracture.'> Overgaard et al*® performed a

randomized controlled trial to compare the walking dis- walking recovery.

tance after hip fracture surgery between patients who re-
ceived 6- and 12-week physical therapy programs and
reported that extended physical therapy up to 12 weeks
was not superior to 6 weeks in improving walking distance.
These findings reassured our theory that the first 6 weeks

after hip fracture surgery could be the golden period for

Independent walking may be delayed by several factors.
Any postoperative medical complications that occur after
surgical intervention could impact walking ability and the
long-term outcomes of overall functional recovery. The
medical complications affected approximately 20% of hip
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Table 2. Significant Prognostic Factors Under Univariable Regression Analysis.

Prognostic factors RR 95% Cl P-value
Age >80 years 2.40 1.71-3.36 <0.001
Pre-fracture walking with the gait aid 2.6l 1.90-3.58 <0.001
Having >2 underlying comorbidities 1.81 1.32-2.49 <0.001
Preoperative hypoalbuminemia 1.84 1.33-2.54 <0.001
Preoperative kidney impairment 1.52 1.11-2.08 0.009
Presence of the intraoperative medical complication 1.60 1.16-2.19 0.004
Presence of the postoperative medical complication 3.22 2.17-4.77 <0.001
Table 3. Prognostic Factors Under Multivariable Regression Analysis.
Prognostic factors RR 95% ClI P-value
Age >80 years 1.65 1.21-2.25 0.001
Pre-fracture walking with the gait aid 2.03 1.53-2.69 <0.001
Having >2 underlying comorbidities 1.63 1.19-2.23 0.002
Preoperative hypoalbuminemia 1.74 1.32-2.29 <0.001
Preoperative kidney impairment .16 0.84-1.60 0.357
Presence of the intraoperative medical complication 1.29 0.93-1.79 0.130
Presence of the postoperative medical complication 2.04 1.37-3.02 <0.001
Age 280 years-{ : F——@—
Pre-fracture |
walking with the gait aid : .
Having =2 underlying | i
comorbidities :
Preoperative | .
hypoalbuminemia ;
Preoperative | ! o
kidney impairment i
Presence of the intraoperative o
medical complication | "
Presence of the postoperative | ! o
medical complication 5 -
t T T T
il 2 3 4
Multivariable risk ratios

Figure 2. A coefficient plot showing the prognostic factors and the multivariable risk ratios indicates that pre-fracture walking with
the gait aid and presence of the postoperative medical complication have the highest risk ratios in the final model.

fracture patients, with cardiopulmonary complications
identified as the most frequent adverse events after hip
fracture surgery.>’ Cognitive and neurological alterations,
gastrointestinal tract bleeding, electrolyte imbalance,

urinary tract infection, and anemia were also found fre-
quently in these patients. Pressure sores are another
postoperative complication caused by immobility, mois-
ture, and prolonged pressure points. This preventable
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condition is associated with other medical complications,
especially postoperative sepsis, pneumonia, urinary tract
infection, and delirium.”® A study by Uriz-Otano et al*’
demonstrated that patients who developed pressure ulcers
after hip fracture surgery had a worse likelihood of walking
recovery ability than patients who had cognitive impair-
ment. Previous use of the gait aid before hip fracture is 1 of
the most predictable indicators for postoperative inde-
pendent walking because these patients are prone to have
instability gaits and falls." The findings from our study at
the early postoperative 6 weeks also support previous
literature, which indicates that similar trends are observed
at various postoperative time points.

Patients with hypoalbuminemia are correlated to
malnutritional status and various chronic diseases. This
condition induces accelerated loss of muscle mass, which
later in the late stage could become sarcopenia.’’ Sar-
copenia combined with hypoalbuminemia increases the
risk of incident disability not only in hip fracture patients
but also in community-dwelling older adults without
existing disability.’’ Similarly to our study, literature
published by Aldebeyan et al’*’ showed that hypo-
albuminemia alone was a predictor of postoperative
morbidity and increased length of hospital stay, which
directly affected walking recovery. Older patients with
underlying several medical comorbidities are straight-
forwardly associated with recovering ability after hip
fracture surgery. A study by Gonzalez-Zabaleta et al**
also found that comorbidity was the only variable pre-
dicting the incapacity to walk at 90 days after hip fracture
surgery in patients with an average age of 84 years. In the
previous study, the most common comorbidities in pa-
tients who suffered from hip fractures were cardiac, re-
spiratory, and renal conditions, respectively.** This result
demonstrated similar conditions to the most common
postoperative medical complications which had been
stated earlier.

The findings from our study highlight several key
prognostic factors for walking disability following fragility
hip fractures, including non-modifiable factors such as age,
pre-fracture use of the gait aid, and comorbidities, as well
as modifiable factors like preoperative hypoalbuminemia
and postoperative complications. These insights can sig-
nificantly impact clinical practice by informing strategies
to minimize postoperative complications and improve
ambulation outcomes. Addressing modifiable factors
through preoperative nutritional optimization and timely
surgical intervention can enhance recovery. Early and
intensive mobilization, facilitated by a multidisciplinary
approach is crucial for improving functional outcomes. By
implementing these targeted interventions, health care
providers can reduce the incidence of walking disability
and improve the overall quality of life for patients with
fragility hip fractures.

There are several limitations in this study. Although we
attempted to collect various related factors in which the
medical records were provided, the retrospective study
may have resulted in incomplete data or missed variables,
potentially introducing inherent bias and lacking some
information. The standard CCI score was not collected in
this study as we couldn’t calculate from the existing data.
However, the report of each underlying comorbidity
demonstrated the actual condition of the patients’ char-
acteristics. The other variables including ASA classifica-
tion, postoperative muscle strength, and Barthel index
might be found relating to postoperative walking ability.
Nevertheless, we couldn’t perform a prognostic factors
analysis of these factors due to incomplete data of all
patients from the medical records. Lastly, this present study
involved only patients who underwent surgical treatment
for hip fractures. Health care providers should be cautious
when interpreting these data to non-surgical fragility hip
fracture patients.

Conclusions

Elderly with >80 years of age, pre-fracture walking with
the gait aid, having >2 underlying comorbidities, preop-
erative hypoalbuminemia, and the presence of postoper-
ative medical complication, were the factors
prognosticating independent walking disability within the
first 6 weeks following fragility hip fracture surgery.
Among these, the postoperative medical complication was
realized as posing the highest risk. These factors could be
utilized as the treatment plans to decrease morbidity and
improve functional outcomes in those patients.

Appendix
Abbreviations

ADL activities of daily living
ASA the American Society of Anesthesiologists
CCI  Charlson Comorbidity Index

CI confidence interval

GFR glomerular filtration rate
IQR interquartile range

RR  risk ratio

SD  standard deviation
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