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Objective To predict ambulatory capacity, 1 month after physical therapy following hip fracture surgery.

Methods A retrospective chart review was carried out. Patients more than 60 years old, who underwent hip
fracture surgery and received physical therapies, were selected (n=548). Age, gender, presence of cognitive
dysfunction, combined medical diseases, combined fractures, previous history of hip surgery, prefracture
ambulatory capacity, days from the fracture to surgery, type of fracture, type of surgery, presence of postoperative
complications, days from the surgery to physical therapy, and total admission period, were collected. Prefracture
ambulatory capacity and postoperative ambulatory capacity were classified into non-ambulatory status (NA),
ambulation with assistive device (AA), and independent-ambulation without any assistive device (IA). Multiple-
logistic regression analysis was performed for the prediction of postoperative ambulatory capacity.

Results Age (odds ratio [OR]=0.94 for IA and 0.96 for IA or AA), gender (OR=1.64 for IA and 0.98 for IA or AA),
prefracture ambulatory capacity (OR of IA=19.17 for IA; OR of IA=16.72 for IA or AA; OR of AA=1.26 for IA, OR
of AA=9.46 for IA or AA), and combined medical disease (OR=2.02) were found to be the factors related to
postoperative ambulatory capacity and the prediction model was set up using these four factors.

Conclusion Using this model, we can predict the ambulatory capacity following hip fracture surgery. Further

prospective studies should be constructed to improve postoperative ambulatory capacity.
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INTRODUCTION

Patients over 60 years old have a high tendency of fall-
ing down, because they have risk factors including mus-
cle weakness, poor vision, hypnotics or anti-depressants,

and combined medical diseases [1]. Falls in the elderly
are closely connected with hip fractures, because their
bones are more fragile due to osteoporosis [2]. According
to a previous report [3], the incidence of falling in people
aged 65 years or over was 13%, and this falling down pro-
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gressed into hip fracture in 3.7% of subjects.

Hip fractures in patients over 60 years old are cata-
strophic events that often lead to dramatic consequences,
such as gait impairment, limitation of daily activities, and
death [4]. In patients over 60 years old with hip fracture,
early mobilization is an important issue, because the am-
bulatory status is a predictive factor for 1-year mortality
after hip surgery [5]. Therefore, for regaining quality of
life and with respect to mortality after hip fracture, recov-
ery of the ambulatory capacity is important.

The ambulatory capacity after hip fracture surgery can
be divided into non-ambulatory state, ambulation with
assistive device, and ambulation without assistive device.
In patients over 60 years old who have gait disorders, sin-
gle cane or walkers must be utilized as an assistive device
according to their balance and weight bearing capacity
[6]. A single cane can support approximately one quarter
of a person’s body weight, while a walker can support ap-
proximately half of a person’s body weight and improve a
patient’s balance by increasing the base of support [7].

There have been many studies assessing functional
status after hip fracture surgery and prognostic factors
of functional status [8-13]. However, none of the studies
assess whether a patient after hip fracture surgery could
walk without any assistive device, or walk only with the
assistance of a device, or could not walk independently.
The use of an assistive device, especially a walker, will
prevent patients over 60 years old from falling, but it is
limited for stepping up and down or walking on uneven
ground. In addition, involving the upper extremities for
using the device during walking makes it difficult for a
person to perform certain activities, such as opening or
closing a door. Therefore, a person who can walk without
a walker is more satisfied with their quality of life.

After rehabilitation, ambulatory function of patients
varied. Some people can walk and some cannot walk
independently. Prediction of mobility would be helpful
to establish the goal of rehabilitation. If we can predict
whether a person can walk without any device, or can
only walk with the assistance of an ambulatory device, or
cannot walk after hip fracture surgery, this information
will be useful for patients over 60 years old undergoing
hip fracture surgery to perform their daily activities after
surgery. Therefore, the aim of this study was to predict
the ambulatory capacity after physical therapy following
hip fracture surgery.

MATERIALS AND METHODS

Participants

This was a retrospective study conducted by medical
chart review. A total of 564 patients of more than 60 years
old, who were admitted for hip fracture to the Depart-
ment of Orthopedic Surgery in Samsung Medical Center,
underwent hip fracture surgery, received physical thera-
pies, and had medical records concerning ambulatory
capacities before falling down and 1 month after surgery
from January 2006 to June 2013, were selected. Among
them, 6 patients in whom the time from onset to surgery
was more than 2 months were excluded, because they
did not receive surgery for achieving ambulation. In 10
patients who received surgery more than two times dur-
ing the study period, their initial data was included in our
study to prevent overlap. Finally, a total of 548 patients
were included in this study.

Physical therapy was initiated when patients could not
walk by themselves after hip fracture surgery and it was
performed by 3 experienced physical therapists using the
predetermined protocols during the admission period.
Physical therapy included physical modalities to reduce
the postoperative pain, exercise to increase the range of
motion and motor power of extremities, balance train-
ing, and gait training. Gait training was performed with
a 4-legged front-rolling walker and progressed with a
single cane. Single cane gait training started when the
patients achieved his/her standing balance and weight
shifting with a single cane for more than 10 minutes. If
a patient achieved his/her balance and could walk in a
stable manner with full weight bearing for more than 10
minutes, then gait training was continued without the
use of an assistive device.

Pain killers, such as cetamadol, were temporarily used
for pain control after surgery and their doses were ad-
justed according to the severity of the pain. Other medi-
cations for underlying diseases were continued during
the admission period. Approximately 1 month after the
surgery, patients were discharged to their home or other
local hospitals for further care or management of medical
problems.

Data collection
The demographic and baseline data of patients, in-
cluding age, gender, presence of cognitive dysfunction,
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combined medical diseases, combined fracture, previous
history of hip surgery, and prefracture ambulatory capac-
ity, were collected from the medical charts. We defined
the presence of cognitive dysfunction when we found
the disease code for ‘dementia’ or ‘cognitive dysfunction’
in the medical charts or noticed that patients had been
taking donepezil or memantine during the admission
period. When the Mini-Mental State Examination score
checked during the admission period was lower than 18
(moderate to severe cognitive dysfunction, as suggested
by a previous article [14]), then we also considered this
as the presence of ‘cognitive dysfunction! When patients
had medical diseases which could affect the ambulatory
capacity, such as, stroke, Parkinsonism, deep vein throm-
bosis, and congestive heart failure, these patients were
considered to have ‘combined medical disease! When the
patients received surgery for other joints, such as wrist
or knee joint or organs along with the hip joint, then they
were considered to have ‘combined fracture’

Prefracture ambulatory capacity was classified into
‘non-ambulatory status’ (NA), ‘ambulation with assistive
device’ (AA), ‘independent-ambulation with single cane
or without any assistive device’ (IA). We classified am-
bulation with a single cane into the IA group, not the AA
group, because many people over 60 years old walk with
a single cane and they can step up and down and walk on
the uneven ground with a single cane, even though they
do not have any fracture.

These ambulatory capacities must be achieved without
a helper, which is more than 5 in the Functional Indepen-
dence Measure scoring criteria [15].

Data related to surgery was also gathered; days from the
fracture to surgery, type of fracture, type of surgery, pres-
ence of postoperative complications, days from the sur-
gery to physical therapy, and total admission period. The
types of fracture were divided into femoral neck fracture
(transcervical and subcapital bone fractures) and tro-
chanteric fractures (intertrochanteric and subtrochanter-
ic fractures). The types of surgery were also categorized
into closed reduction and multiple pin insertion (CRP),
open reduction and fixation with screw, intramedullary
nail, or plate (ORF), and hemi-arthroplasty or total hip
replacement arthroplasty (HRA). Infection, including as-
piration pneumonia, postoperative delirium, skin prob-
lems including pressure sores, and other serious diseases
caused by the surgery, were considered as postoperative
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complications. Physical therapies were carried out by 3
physical therapists. All of them had more than 10-years
experience and they shared the same therapy protocol,
so we did not think that the difference of therapy effect
from each therapist was significant.

All medical records were reviewed with the permission
of patients, and this study was approved by the Institu-
tional Review Board of Samsung Medical Center.

Outcome measures

The postoperative ambulatory capacity of patients was
investigated at approximately 1 month after hip surgery
through an inpatient or outpatient medical chart, and it
was classified into three categories, such as prefracture
ambulatory capacity (NA, AA, and SA). We considered
the assessment point as 1 month after hip surgery be-
cause 1 month was the period for discharge to home from
the hospital or to complete the outpatient-based physical
therapies.

Statistical analysis

Statistical analysis was performed with SAS software ver.
9.4 (SAS Institute, Cary, NC, USA). Continuous variables,
including age, days from the fracture to surgery, days
from the surgery to physical therapy, and total admission
period (days) were expressed as the meantstandard de-
viation. Categorical variables, including the presence of
cognitive dysfunction, combined medical diseases, com-
bined fracture, and previous history of hip surgery were
expressed as number of patients.

Using these variables, we set the prediction model
through the multiple logistic regression analysis. To vali-
date the prediction model, patients of more than 60 years
old, who were admitted for hip fracture, underwent hip
fracture surgery, received physical therapies, and had
medical records about ambulatory capacities before fall-
ing and 1 month after surgery from January 2014 to De-
cember 2014, were selected as a validation set.

RESULTS

Among 548 patients, 147 patients were men and 401
patients were women and their mean age was 78.1+7.9
years. Twenty-nine patients could not walk and were
confined to a wheelchair before the fracture. Fifty-eight
patients walked using their walkers, 143 patients walked
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using their single canes, and 318 patients walked without
using any device before hip fracture. All baseline data are
presented in Table 1.

Approximately 1 month after hip surgery, 166 patients
could not walk (NA group), 188 patients walked with their
assistive device (AA group), and 194 patients walked with
single cane or without any assistive device (IA group).
The average age of patients in the NA, AA, and IA groups
was 79.5+7.4 years, 79.2+7.8 years, and 75.8+8.1 years,
respectively. The distribution of age, total admission pe-
riod, days from the fracture to surgery, and days from the
surgery to physical therapy according to the postopera-
tive ambulatory capacity is presented in Fig. 1.

A score test for the proportional odds assumption
showed that the chi-square value was 9.997 and its p-
value was 0.002, which did not meet the proportional
odds assumption. Therefore, we had to use the partial
proportional odds ratio and categorize the postoperative

ambulatory capacity into NA plus AA and IA or NA and
AA plus IA. The odds ratio of SA referenced by NA plus
AA to age was 0.94 (p<0.001), which means that if the age
increases by one year, then the probability of IA will be
0.94 times compared to that of AA or NA. The odds ratio
of IA plus AA, referenced by NA to age, was 0.97 (p=0.006),
which means that if the age increases by 1 year, then the
probability of IA or AA will be 0.97 times compared to
that of NA (Table 1).

Major postoperative complications were infection, in-
cluding aspiration pneumonia and urinary tract infection
(n=15), postoperative delirium (n=14), skin problems
including pressure sores and wound site oozing (n=4),
azotemia (n=3), dyspnea including atelectasis (n=3), car-
diac arrhythmia (n=1), stroke (n=1), ileus (n=1), and gall
bladder perforation (n=1).

Univariate analysis revealed that age, gender, total ad-
mission period, type of fracture, days from the fracture to

Table 1. Univariate analysis for postoperative ambulatory capacity after hip surgery

Postoperative ambulatory capacity ”

Total group

(n=548) Results for IA Results for IA plus AA
OR (95% CI) p-value OR (95% CI) p-value

Age (yr) 78.1£7.9  0.94(0.92-0.97) <0.001 0.97 (0.95-0.99) 0.006
Gender, male 147 (26.82) 1.74 (1.18-2.56) 0.005 1.07 (0.71-1.62) 0.748
Total admission period (day) 23.9+18.0  0.99(0.98-1.00) 0.037* 0.99 (0.98-1.00) 0.037*
Type of fracture, femur neck 101 (18.43)  1.43(1.25-1.61) 0.036* 1.43 (1.25-1.61) 0.036*
Day to the surgery 4.8+7.1 0.97 (0.95-0.99) 0.007* 0.97 (0.95-0.99) 0.007*
Type of surgery

HRA 252 (45.7) 0.417(0.97-1.02) 0.059 0.791 (0.82-1.43) 0.760

ORF 267 (48.4) 0.951 (0.84-3.23) 0.787 0.834 (0.92-1.37) 0.600
Day to the physical therapy 6.5+4.7 0.97 (0.93-1.00) 0.037* 0.97 (0.93-1.00) 0.037*
Prefracture ambulatory capacity”

1A 461 (84.12) 19.81(2.67-146.83)  0.003  18.59 (6.34-54.53)  <0.001

AA 58 (10.58) 1.00 (0.09-11.51) 1.000 8.25(2.54-26.75)  <0.001
Combined medical diseases, present 247 (45.07)  2.06 (1.51-2.83) <0.001* 2.06 (1.51-2.83) <0.001*
Combined fracture, present 6 (1.09) 1.59 (0.36-7.02) 0.543* 1.59 (0.36-7.02) 0.543*
Postoperative complication, present 43 (7.85) 8.11 (2.48-26.58) 0.001 2.14 (1.14-4.01) 0.018
Cognitive dysfunction, present 68 (12.41)  4.75(2.22-10.15) <0.001 2.141 (1.28-3.59) 0.004

Values are presented as meantstandard deviation or the number of patients (%).
IA, independent-ambulation without device; AA, ambulation with assistive device; HRA, hemi-arthroplasty or total
hip replacement arthroplasty; ORF, open reduction and fixation with screw, intramedullary nail, or plate; OR, odds ra-

tio; CI, confidence interval.

“Ambulatory capacity was divided into three categories of non-ambulatory status, ambulation with assistive device,

and independent-ambulation without device.

*Proportional odds model for results of postoperative ambulatory capacity.
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Fig. 1. (A) Distribution of age, (B) total admission period, (C) days from the fracture to surgery, and (D) days from the
surgery to rehabilitation, according to the postoperative ambulatory capacity presented. The boxes are averages and
the lines are one standard deviation. NA, non-ambulatory status; AA, ambulation with assistive device; IA, indepen-
dent-ambulation without device.
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Table 2. Multiple-variable analysis of postoperative ambulatory capacity after hip surgery
Postoperative capacity

IA IA plus AA
OR (95% CI) p-value OR (95% CI) p-value
Age (yr) 0.94 (0.92-0.97) <0.001 0.96 (0.93-0.98) 0.001
Gender, male 1.64 (1.08-2.51) 0.021 0.98 (0.63-1.55) 0.943
Prefracture ambulatory capacity”
1A 19.17 (2.59-141.85) 0.004 16.72 (5.64-49.6) <0.001
AA 1.26 (0.11-14.47) 0.854 9.46 (2.88-31.11) <0.001
Combined medical diseases, absent 2.02 (1.44-2.85) <0.001* 2.02 (1.44-2.85) <0.001*

IA, independent-ambulation without device; AA, ambulation with assistive device; OR, odds ratio; CI, confidence in-

terval.
“Ambulatory capacity was divided into three categories of non-ambulatory status, ambulation with assistive device,

and self-ambulation without device.
*Proportional odds model for results of postoperative ambulatory capacity.
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surgery, days from the surgery to physical therapy, pre-
fracture ambulatory capacity, combined medical disease,
postoperative complications, and cognitive dysfunction
were significantly related to the postoperative ambulato-
ry capacity. All odds ratios are presented in Table 1. Mul-
tiple-variable analysis was performed using these factors
for the prediction of postoperative ambulatory capacity
and among them, age, gender, prefracture ambulatory
capacity, and combined medical disease were found to
be the factors related to postoperative ambulatory capac-
ity (Table 2). Proportions of postoperative ambulatory ca-
pacity according to the prefracture ambulatory capacity,
gender, and presence of combined medical disease are
presented in Fig. 2. Using these four related factors, the
prediction model was established.

The equation of the prediction model is presented in
Fig. 3.

For example, if an 80-year-old woman who walks with-
out any assistive device and has no medical disease falls
down and receives hip surgery, she will walk with a single
cane or without any assistive device after physical ther-
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apy at postoperative one month with 41.5% probability,
she will walk with assistive device with 37.8% probability,
and she will not walk with 20.7% probability. If instead,
a man has the same condition, the probability of walk-

B1=0.7093+0.497 x Gender - 0.0589x Age + PAC1+0.7047 x CMD
B2=12922-0.0164 xGender — 00434 x Age+ PAC:+0.7047x CMD
Pl =exp(B1)=(1+exp(Bl))

P2 =exp(B2)=(1+exp(B2))-P1

P3=1-exp(B2)+(1+exp(B2))

Gender: man = 1, woman = 0
PAC; (prefracture ambulatory capacity 1): ‘SA’=2.9531, ‘44'=0.2290, ‘NA'=0
PAC; (prefracture ambulatory capacity 2): ‘SA’=2.8166, ‘A4'=2.2471, ‘NA'=0
CMD (combined medical disease): presence = 0, absence = 1
P1: chance of postoperative ambulatory capacity to be ‘SA’
P2: chance of postoperative ambulatory capacity to be ‘AA’
P3: chance of postoperative ambulatory capacity to be ‘NA”
Fig. 3. The equation of the prediction model. NA, non-

ambulatory status; AA, ambulation with assistive device;
IA, independent-ambulation without device.

Prefracture ambulatory capacity is "SA"
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Fig. 2. Proportions of postoperative ambulatory capacity
are presented according to the prefracture ambulatory
capacity, gender, and presence of combined medical
disease. (A) Prefracture ambulatory capacity is “NA’, (B)
prefracture ambulatory capacity is “IA’, (C) prefracture
ambulatory capacity is “AA”. NA, non-ambulatory status;
AA, ambulation with assistive device; IA, independent-
ambulation without device; 1, Man, no combined medi-
cal disease; 2, Man, combined medical disease; 3, Wom-
an, no combined medical disease; 4, Woman, combined
medical disease.
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A = AA I NA
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Fig. 4. Probability of postoperative ambulatory status
in several cases. IA, independent-ambulation without
device, AA, ambulation with assistive device; NA, non-
ambulatory status.

ing with a single cane or without any assistive device will
increase to 53.8%. If this patient is assumed to have com-
bined medical disease along with the same condition,
the probability of walking with single cane or without any
assistive device will decrease to 25.9%. If the age decreas-
es to 60 years and the other conditions are the same, the
probability of walking with a single cane or without any
assistive device will increase to 69.7%. The hypothetical
cases that show the probability of postoperative ambula-
tory capacity are presented in Fig. 4. Table 3 shows details
of each hypothetical case. The generalized R’ of this pre-
diction model was 0.240 and the accuracy of this predic-
tion model was 0.704 when applied to the validation set.

DISCUSSION

In our study, we found that age, gender, prefracture
ambulatory capacity, and combined medical diseases
were the factors related to the postoperative ambula-
tory capacity. Using these factors, we built the prediction
model of postoperative ambulatory capacity after physi-
cal therapy following hip fracture surgery.

Although the World Health Organization accepts the
chronological age of 65 years as a definition of ‘elderly’
person, we have included patients more than 60 years
old. From our hospital data, most hip fracture surgeries
were conducted in people of more than 60 years old, so
we included patients of more than 60 years old.

Results of our study were consistent with those of pre-
vious studies which demonstrated that age, gender, and
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Table 3. Characteristics of the hypothetical cases

e Combined Prefracture
Gender . ambulatory
(yr) disease capacity
Casel 80 Woman  Absence 1A
Case 2 60 Woman Absence 1A
Case 3 80 Man Absence IA
Case 4 80 Woman Presence IA
Case 5 80 Woman Absence AA
Case 6 80 Woman Absence NA

IA, independent-ambulation without device; AA, ambu-
lation with assistive device; NA, non-ambulatory status.

prefracture ambulatory capacity were significant risk
factors that predict the functional improvement [16,17].
Holt et al. [16] and Lieberman et al. [18] already proved
that advanced age and male gender were the known risk
factors of mortality and functional deterioration after hip
fracture. The major difference between our study and
their studies was that we divided the ambulatory capacity
of patients into ambulation with a device and ambula-
tion without a device and we found the factors related to
movement of each step (from NA to AA and from AA to
IA). Above all, we set up the prediction model through
the partial proportional odds ratios, and this was the first
study to do so.

Some factors were significantly related to movement
from one step to another step, but they were not signifi-
cantly related to movement from another step to the
other step.

For example, gender was a significant factor that can
predict whether patients can walk without a device or
not (odds ratio=1.74, p=0.005), but this was not the case
when predicting whether patients can walk or cannot
walk (odds ratio=1.07, p=0.748). Therefore, gender was
a significant factor only when determining whether a
patient can walk without any device or not, but not in
determining whether a patient can walk with a device or
cannot walk. Considering that women were more likely to
be unable to hold a tandem stand than men, as observed
in the study by Keevil et al. [19], it is plausible that gender
is an important risk factor for deciding the need for an
ambulatory device.

Total admission periods, days from the fracture to sur-
gery, days from the surgery to physical therapy, postop-
erative complications, and cognitive dysfunction were
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significant risk factors that affected the ambulation after
the surgery irrespective of need for an ambulatory device
in the univariate analysis. However, these relations disap-
peared in the multivariate analysis, which might be due
to the fact that age, gender, and prefracture ambulatory
capacity affected these factors.

Type of fracture was found to be related to the postop-
erative ambulatory capacity, consistent with other stud-
ies [17,20]. Our study showed a higher incidence of inter-
trochanteric and subtrochanteric fractures than that of
femoral neck fracture. This might be due to the fact that
patients with femoral neck fracture showed better func-
tion than those with intertrochanteric and subtrochan-
teric fracture [20]; therefore, a higher number of patients
with femoral neck fracture were discharged from hospital
without physical therapy, and were excluded from our
study.

Mathew et al. [21] and Kenzora et al. [22] demonstrated
that the presence of combined medical disease, espe-
cially stroke and congestive heart failure was related to
increased mortality or poor functional outcome in many
studies. This finding was consistent with that in our
study, and we also demonstrated that combined medical
disease can affect the need for an assistive device after
hip fracture surgery, in addition to the possibility of am-
bulation.

We investigated patient ambulatory capacity at approxi-
mately one month after the surgery, at which point most
patients had been discharged from our hospital or had
completed the outpatient-based physical therapies. This
study focused on ambulatory capacity after hip fracture
surgery and physical therapies in patients with hip frac-
ture, and it did not focus on the occurrence of refracture
or other serious medical events, which could affect the
ambulatory capacity but did not have a relation to the
hip fracture. We thought that a 1-month time period was
sufficient for the recovery of the patients’ maximal ambu-
latory capacity, and according to further follow-up data
from some patients, most of their postoperative ambula-
tory capacity did not change if they did not suffer from
any other disease.

There are several limitations to this study. We identified
that age, gender, prefracture ambulatory capacity, and
combined medical disease are associated with the post-
operative ambulatory capacity; whether a patient can
walk without a device or not, or whether a patient can

walk or cannot walk. Unfortunately, all of these factors
cannot be corrected after occurrence of the event. For
the limitation of a retrospective study design, the accu-
racy of this prediction model was relatively low. Further
prospective studies should be constructed to identify
the correctable factors related to the improvement of the
postoperative ambulatory capacity and to increase the
accuracy of the prediction model.

Using this model, we can predict the ambulatory capac-
ity following hip fracture surgery. Further prospective
studies should be constructed to improve the postopera-
tive ambulatory capacity, following hip fracture surgery.
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