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Table 1 Preoperative characteristics and surgical information
(n="174)
OA grade® and deformity type
Grade 2 3
Grade 3 41
Grade 4 23
Valgus type 3
RA 4
Diagnosis OA:RA 70:4

Femoral tibial angle (degrees)
Range of motion of the knee (degrees)
Flexion

186.3 & 6.8 (167-201)

118.3 £ 13.0 (80-145)
—7.9 &+ 6.6 (=30 to 0)
110.9 & 17.0 (65-135)
65:9

11.1 £ 1.4 (10-15)

Extension

Range of knee flexion and extension
TKA type (PS:CR)
Tibial insert (cm)

Data are presented as mean + SD (range)

OA osteoarthritis, RA rheumatoid arthritis, PS posterior-stabilized, CR
cruciate-retaining

# Kellgren and Lawrence grade (1-4)

Physical examinations

Preoperative and postoperative (baseline period) ROM of
the knee (flexion, extension) and ankle (plantar flexion,
dorsal flexion) were measured using a goniometer. All
measurements were made with the patients sitting on the
chair. All assessments were performed on the side that had
been operated on, while for patients who had undergone
bilateral TKA, we evaluated the side operated on last.

Anterior—posterior drawer test and varus—valgus stress
test were performed to assess the instability of the knee on
the TKA-affected side. With the patient lying supine, the
examiner sat on the examination table in front of the
involved knee and grasped the tibia just below the joint line
of the knee. We quantify instability using a 4-point ordinal
scale (0: rigid, 1: normal, 2: slightly instable, 3: more than
moderately instable).

Muscle strength during knee extension on the TKA-
affected side was recorded with a hand-held dynamometry
(MUSCULATOR GT-10,- OG Giken, Okayama, Japa-
n).Each subject was seated in a chair with the hips flexed
90° and the relevant knee flexed to 75°[21]. The hand-held
dynamometry was placed in front of facies anterior cruris
and the examiner met the resistance of a 5-s maximal
isometric knee extension. The measured value was divided
by the subject’s body weight (Nm/kg).

Hallux valgus was assessed using the Manchester scale
[22]. We defined the hallux valgus on a scale from 1 (no
deformity) to 4 (severe deformity).

To assess limitations of ankle mobility we used a mod-
ified Niki’s method [23, 24]. This method evaluates
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limitation of mobility in the talocalcaneal joint (inversion
and eversion). We defined “limitation” as the restriction of
either inversion or eversion, and as with the other examin-
ations, assessed it on the TKA-affected side or the side last
operated on (in patients who had undergone bilateral TKA).

Kyphosis was assessed by Milne’s method [25]. A
60-cm flexicurve was placed on the patient’s back, with
one end on the seventh cervical spine and closely applied to
the midline of the back. Patients were then asked to stand
as erect as possible. The level of the lumbosacral joint was
marked on the flexicurve with a grease pencil, and the
instrument was then laid on a piece of paper and the spinal
curve was copied by running a pencil along the flexicurve.
The index of kyphosis was represented by the height of the
thoracic curve divided by spinal length. Kyphosis was
defined as present if the index was greater than 15% [26].

Physical performance test
One-leg standing test

The one-leg standing test was performed on the leg on the
TKA-affected side, and consisted of measuring the length
of time a patient was able to stand on one leg. We asked
patients to stand on one leg for as long as possible with
arms resting by their sides. Patients who underwent bilat-
eral TKA were assessed on the last-operated side.

10-m gait test

Patients were asked to walk 14 m at normal speed, with
measurements taken only during the middle 10 m (i.e.,
between the 2- and 12-m points). The first and last 2 m
were used to eliminate periods of acceleration and decel-
eration. We used a modified  version of Tiedemann’s
method [27]. The time and steps required to walk 10 m at
normal speed were assessed, and we used these to calculate
gait speed (m/s) and step length (m).

Self-administered questionnaire
Japanese Knee Osteoarthritis Measure (JKOM)

Pain, limitation in mobility related to daily activity, and
restriction of participation in social life and health per-
ception were assessed with the JKOM. This measure has
sufficient reliability and validity for studying clinical out-
comes in Japanese people with knee OA. It consists of a
visual analogue scale (VAS) and 25 questions (score range
25-125, with 125 being worst). It has shown good corre-
lation with the Western Ontario and McMaster Universities
index (WOMAC) and the Medical Outcome 36-Items Short
Form (SF-36) [28].
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Geriatric Depression Scale (GDS)

The GDS was administered and scored according to pub-
lished procedures [29, 30]. GDS scores were interpreted as
indicating no depression (GDS score <5), probable
depression (GDS score >5 and <10), or definite depression
(GDS score >10).

Modified Fall Efficacy Scale (MFES)

The MFES is a 14-item “balance efficacy” questionnaire that
measures a person’s confidence in their ability to avoid a fall
during each of 14 essential, non-hazardous activities of daily
living (ADLs) [31]. A higher score indicates greater inde-
pendence or ability to balance (score range, 14-140, with 14
being worst). Full score means the patient has no fear of
falling [32]. The MFES has been found to be internally con-
sistent and demonstrates good test—retest reliability [33, 34].

Statistical analysis

All data are expressed as mean =+ SD. Patients were clas-
sified as either “non-fallers” or “fallers” (one or more
falls) based on data gathered during the prospective
6-month observation.

Differences between groups were determined using
Pearson’s chi-square test. The non-paired ¢ test and Mann—
Whitney U test were conducted to compare grading scales
between non-fallers and fallers.

Both multivariate and univariate analyses were performed.
Variables with a significance level of P < 0.05 as determined
by univariate analysis were selected for multivariate analysis.
Multivariate logistic regression was used to provide adjusted
odds ratio estimates for associations with falls.

All data were analyzed using PASW statistical software
(version 18 for Windows; SPSS Inc., Japan). For all anal-
yses, a P value <0.05 was considered significant.

This study was approved by the local ethics committees
of the Faculty of Medicine, Tottori University (No1264),
and Hakuai Hospital.

Results

Of the 74 patients enrolled, 70 (94.6%) completed a 6-month
prospective observation. One patient was unable to follow-
up. Three patients were withdrawn from the study because
contralateral TKA was performed during the study period.

Incidence of falls

Twenty-three of 70 patients (32.9%) fell during the
observational period; 6 subjects fell twice each, while 4
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subjects fell 3 times each. One patient sustained a dislo-
cated shoulder and two patients had bruises and slight
injuries due to falling. There were no fall-related fractures
during the 6-month observational period.

Patient characteristics

Characteristics of non-fallers and fallers are presented in
Table 2. There was no significant difference between the
two groups except for the number of patients with eye
problems, cardiac disease, and diabetes, which tended to be
higher in fallers than non-fallers (P = 0.051, P = 0.065,
P = 0.058, respectively).

Physical examinations and performance tests

Physical examination and performance test variables are
presented in Table 3. Postoperative range of knee flexion
(range 80-140°) was significantly lower in fallers than in
non-fallers (P = 0.016). Six of 70 patients (8.6%) had
less than 100° of knee flexion, 23 of 70 patients (32.9%)
had less than 120° and more than 100° of knee flexion. 41
of 70 patients (58.6%) had more than 120° of knee
flexion.

Postoperative ranges of knee flexion and extension
(range 60-135°) and ankle plantar flexion (range 40-70°)
were significantly lower in fallers than in non-fallers
(P =0.037, P = 0.014, respectively). Preoperative knee
flexion (range 80-145°) and ankle dorsal flexion (range
5-30°) tended to be lower in fallers than non-fallers
(P = 0.055, P = 0.070, respectively).

Two of 70 patients (2.9%) had more than moderate
instability of the knee that had undergone TKA. 27 of 70
patients (38.6%) had hallux valgus (scale of 2-4) and 18 of
70 patients (25.7%) had limited ankle mobility. Mean
index of kyphosis was 8.3 £ 3.6% (range 2-20%). There
were no significant differences between the two groups in
terms of preoperative range of knee extension, preoperative
range of knee flexion and extension, postoperative range of
knee extension, knee instability, muscle strength during
knee extension, hallux valgus, degree of limitation of ankle
mobility, and degree of kyphosis.

One-leg standing time (range 0-32.5 s), mean gait speed
(range 0.3-1.53 s/m) and step length (0.2-0.71 m) showed
no significant differences between the two groups.

Self-administered questionnaires

The results of the self-administered questionnaires (JKOM,
GDS, and MFES) are presented in Table 4. 44 of 70
patients (62.9%) scored less than 50 on the JKOM (range
29-95). Based on GDS score, 21 of 70 patients (30.0%)
had probable depression (GDS score >5 and <10) while 6
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Table 2 Characteristics of non-

fallers and fallers Total (n = 70) Non-fallers (n = 47) Fallers (n = 23) P value
Age (years) 75.5 £ 6.0 762 £ 54 74.1 £ 69 0.156
Sex ratio (M:F) (8:62) (5:42) (3:20) 0.766
Height (cm) 1520 £ 7.5 1525+ 7.2 151.0 £ 8.3 0.435
Weight (kg) 574 +£ 9.1 56.9 £ 8.9 585 +£95 0.494
BMI (kg/m?) 24.8 + 3.2 244 + 3.0 256 £33 0.142
TKA side
Right (%) 314 319 30.4 0.969
Left (%) 229 234 217 -
Bilateral (%) 457 447 47.8
Diagnosis OA:RA (66:4) (44:3) (22:1) 0.730
Mean time since surgery (month) 8.2 & 2.7 8.1+27 8.6 £2.7 0.444
Prior hip surgery (%) 43 2.1 8.7 0.986
Total no. of prescribed regular 33+26 33+£28 34425 0.843
medications (number)
Hearing problems (%)* 40.0 4.5 34.8 0.533
Eye problems (%)* 48.6 40.4 65.2 0.051
Complications
Cardiac disease (%) 5.7 2.1 13.0 0.065
Diabetes (%) 114 6.3 21.7 0.058
Hypertension (%) 343 36.1 304 0.422
Ambulation
Walking without device (%) 68.6 70.2 652 0.466
One cane (%) 30.0 29.8 304
Data are mean + SD (range) Walker (%) 14 0.0 43
 Self reported
of 70 patients (8.6%) had definite depression (GDS  Discussion

score >10). 45 of 70 patients (64.3%) did not achieve full
scores on the MFES (range 22-140). There were no sig-
nificant differences between the two groups in terms of
JKOM, GDS, or MFES scores.

Multivariate logistic regression analysis

Postoperative range of knee flexion was divided into 6
groups of 10 degrees each (range 80-140°). Postoperative
range of knee flexion and extension was similarly divided
into 8 groups of 10 degrees each (range 60-135), and range
of ankle plantar flexion was divided into 6 groups of 5
degrees each (range 40-70°).

In the multivariate analysis, postoperative range of knee
flexion and ankle plantar flexion were determined to be
significant risk factors (Table 5). Patients with a higher
postoperative range of knee flexion were less likely to fall;
a 10-degree increase significantly reduced the odds of
falling during the observation period by 72.3%. Similarly,
patients with a higher range of ankle plantar flexion were
less likely to fall; a 5-degree increase significantly reduced
the odds of falling by 40.6%.
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The present study examined for the first time the rela-
tionship between falls and physical function among elderly
persons who had undergone TKA. Our prospective inves-
tigation demonstrated that 23 out of 70 elderly TKA
patients fell at least once during the 6-month observation
period. The incidence of falls was 32.9%, which was higher
than one study’s previously reported incidence range of
10~20%[35] among elderly in Japan, and another study’s
annual incidence of 29.3% among people between the ages
of 75 and 79 [36], similar ages to the subjects in this study.

Swinkels et al. [14] examined whether or not the inci-
dence of falls changed before and after TKA in patients
with OA or RA. They found an incidence of 24.2% both
before and after TKA. The authors speculated that TKA
lowers fall incidence because the estimated incidence for
community-dwelling elderly people was 33% and the
number of falls was reduced after TKA. The annual inci-
dence of falls among patients with RA was reported to be
50% [37], indicating that these patients are at risk. The
incidence of falls among patients with OA is also specu-
lated to be high. Levinger et al. [15] reported that 48% of
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Table 3 Physical examinations and performance tests in fallers and non-fallers

Total (n = 70) Non-fallers (n = 47) Fallers (n = 23) P value
ROM of the knee (°)
Preoperative
Flexion 1184 £ 13.0 1203 £ 12.2 1132 + 140 0.055
Extension —7.7 £ 6.6 -76+73 -85+ 46 0.561
Range of flexion and extension 1105 £ 173 112.7 £ 169 104.7 £ 17.3 0.105
Postoperative
Flexion 1164 £ 153 119.5 + 14.1 1102 & 16.1 0.016
Extension —9.7 £ 4.6 -98 £ 4.4 —9.6 £ 5.0 0.850
Range of flexion and extension 106.7 + 17.1 109.7 & 159 100.6 & 184 0.037
ROM of the ankle (°)
Dorsal flexion 16.6 £ 5.1 173 £5.1 150+ 438 0.070
Plantar flexion 579 £ 63 59.1 £ 6.1 552+ 6.1 0.014
Instability (0—3; 3 = most unstable)* 0.9 £07 1.0 £ 0.8 0.8 £0.7 0.384
Muscles strengths of knee extension (Nm/kg) 21£05 2105 2.14+05 0.816
Hallux valgus (1—4; 4 = most severe)” 19£10 20+ 1.1 1.9+ 09 0.867
Limitation of ankle mobility (%)° 25.7 25.5 26.1 0.960
Kyphosis (%) 8.6 6.8 15.0 0.350
One-leg standing (s) 8.6 £7.7 89£79 7876 0.578
10-m gait test
Speed (m/s) 097 £0.2 098 £ 0.2 095 £02 0.612
Step length (m) 0.49 + 0.1 0.50 = 0.1 0.49 £ 0.1 0.686
Data are mean =+ SD (range)
2 Used 4-point ordinal scale (0 = rigid,1 = normal, 2 = slightly instable, 3 = more than moderately instable)
® Manchester scale (1 = no deformity, to 4 = severe deformity)
¢ ROM of talocalcaneal joint (inversion and eversion)
4 Milne’s method was used (“kyphosis” defined as an index greater than 15%)
Table 4 Self-administered questionnaires in non-fallers and fallers
Total (n = 70) Non-fallers (n = 47) Fallers (n = 23) P value
JKOM
Total score (25-125; 125 = worst) 46.1 £ 15.9 45.5 £ 16.7 476 £ 14.5 0.601
VAS (0—10; 10 = worst) 19+24 1.7+£24 22+24 0.342
Pain (8—40; 40 = worst) 13.8£53 138 £5.9 13.8 + 4.1 0.985
Limitations of activity (10—50; 50 = worst) 18.6 & 6.7 183 £ 6.9 19.6 + 6.3 0.449
Restriction of participation (7—35; 35 = worst) 139 £ 5.6 13.7 £5.7 143 £ 5.6 0.679
GDS (0—15; 15 = worst) 42+ 4.0 40+42 4.8 3.6 0.459
MFES (14—140; 14 = worst) 122.9 £ 244 123.3 £ 233 1222 £ 27.1 0.874

Data are means £ SD (range)

JKOM Japanese Knee Osteoarthritis Measure, VAS Visual Analogue Scale, GDS Geriatric Depression Scale, MFES Modified Fall Efficacy Scale

patients fell during the year prior to TKA and another study
showed that the annual incidence among elderly women
with musculoskeletal pain in lower extremities was 39%
[38]. Thus, although TKA may reduce the incidence of
falls in patients with OA or RA, elderly people who
underwent TKA are considered more likely to fall com-
pared with healthy elderly people.
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In the study by Swinkels et al. [14], subjects were sur-
veyed using self-administered questionnaires that included
the WOMAC and Activities-specific Balance Confidence
(ABC) Scale before and after TKA. However, the results of
these questionnaires did not demonstrate any risk factors
for postoperative falls. Similarly, the results of the self-
administered questionnaires in the present study, including
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TableS Selected risk factors for falls by multivariate analysis

Odds  95% IC P value
ratio
Range of knee flexion 0.277  0.083-0.869  0.028
(postoperative)®
Range of knee flexion and 2308 0.847-6.289  0.102
extension (postoperative)b
Range of ankle plantar flexion® 0.594  0.374-0.945 0.028

Variables for multivariate analysis were selected by univariate anal-
ysis using a significance level of P < 0.05

* Knee flexion categorized into 10-degree groups (80— 140)
® Knee flexion and extension categorized into 10-degree groups (60—135)
© Ankle plantar flexion categorized into 5-degree groups (40—70)

the JKOM regarding ADLs, did not show any difference
between fallers and non-fallers. The JKOM examines
respondents’ level of difficulty with daily activities due to
pain at the time of the survey, while MFES measures the
confidence of respondents in their ability to avoid a fall
during ADLs. Nevertheless, considering the results of past
studies which demonstrated inaccurate perceptions of
postural stablhty borders among elderly people [39] and
greater errors in estimated reach distance in the elderly who
fell compared with those who did not fall [40], it is possible
that our subjects who fell overestimated their ability to
perform activities and selected the answers “no difficulty”
or “I can do it” in self-administered questionnaires.
Swinkels et al. [14] found that the preoperative GDS score
was a risk factor for falls. In our study, although approxi-
mately 40% of subjects had either probable or definite
depression, there was no difference between fallers and
non-fallers. Therefore, no particular relationship between
depression and falls was identified in this study.

In the present study, the occurrence of falls was pro-
spectively - examined after objectively = evaluating the
physical function of elderly individuals who underwent
TKA. Our results showed significant differences in post-
operative range of knee flexion, postoperative range of
knee flexion and extension and range of ankle plantar
flexion between fallers and non-fallers. Fallers demon-
strated lower values in all three parameters. In addition,
multivariate analysis showed that postoperative ranges of
knee flexion and ankle plantar flexion were risk factors for
falls among the elderly who underwent TKA.

Among activities of daily living, the motion in which
limited knee flexion is most likely to cause falls is rising
from a chair. Itokazu et al. [41] conducted biomechanical
analyses of patients who underwent TKA to examine the
relationship between knee flexion angle and the motion of
rising from a chair, and showed that patients whose range
of knee flexion was limited (100° or less) required higher
angular velocity of the hip and higher swing velocity to lift

the trunk forward than patients whose range of motion was
larger. When individuals whose knee flexion is limited
attempt to force themselves ‘to rise from chairs by
increasing the flexing action of the trunk and hip in order to
compensate for limited knee flexion, they may fall forward
or, if the center of gravity of their upper bodies does not
sufficiently - shift forward, lose their balance and fall
backwards. These individuals may trip while ascending
steps or experience difficulty in lowering ‘their center of
gravity while descending steps, leading to loss of balance
and falls.

Limited knee flexion also frequently causes falls while
walking. In normal walking, it is speculated that people
repeat flexion and extension of their knees twice in a gait

- cycle with a maximum flexion angle of approximately 65°
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[42], while gait analysis after TKA [43] has revealed. that
the knee flexion angle of the swing phase is smaller than
that of healthy -elderly people. Therefore, patients who
cannot sufficiently flex their knees while walking may trip
over obstacles and fall. Moreover, crouching requires 130°
or greater knee flexion [44]. Thus, these motions are dif-
ficult for elderly who have undergone TKA and have
limited knee flexion, again potentially leading to loss of
balance and falls.

Range of ankle plantar flexion is the most important
ROM of joints during the push-off phase of the gait cycle
and in ensuring the toe-off. Barak et al. [45] conducted a
gait analysis of healthy elderly people in their seventies
who fell during the past 6 months, and reported that their
range of ankle plantar flexion during the push-off phase of
the gait cycle was smaller than that of those who did not
fall. Furthermore, another study showed that smaller range
of ankle plantar flexion during the push-off phase leads to
delayed heel-off, which is compensated for by movements
including excessive ankle dorsal flexion of the foot and
anteversion of the trunk in order to move forward [42].
Such compensation may disturb balance, pushing the body
forward and causing falls. The small ranges of both knee
flexion and ankle plantar flexion in the fallers in our study
suggests that they may have joints with limited ROM
throughout their bodies. We speculated that the decrease in
ROM of the joints in the lower limbs, in particular, coupled
with impaired motor skills, can cause falls.

One of the limitations of this study is its small sample
size. However, as a result of the detailed physical exam-
inations and performance tests we conducted on all sub-
jects, sufficient objective data for various indices were
obtained and significant risk factors for falls that are
characteristic of elderly people who underwent TKA were
obtained despite the small number of subjects. Another
limitation is that the incidence of falls and physical func-
tion were not compared with those of any control group.
Direct comparison of many of our examined variables
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could not be performed in this study, and we therefore
compared our results with those of similar previous studies
and characterized the incidence of falls among elderly
individuals who had undergone TKA. In the future, this
incidence should be compared with that of healthy elderly
people or patients with OA or RA who have equivalent
levels of physical function. In addition, comparison of
physical function and studies on changes in the incidence
of falls before and after TKA should also be performed.

In conclusion, this 6-month prospective study of elderly
subjects who underwent TKA revealed a fall incidence of
32.9%, higher than that in elderly population in general.
Reduced postoperative ranges of knee flexion and ankle
plantar flexion were determined to be risk factors for falls
among the elderly who underwent TKA. For patients with
limited knee flexion, improvement of ROM by exercise
therapy and patient education regarding the prevention of
falls and fractures are considered necessary.
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Abstract We investigated the incidence of additional
fractures and the rate of prescription of osteoporotic
pharmacotherapy after an initial hip fracture. We surveyed
female patients aged 65 and over who sustained their first
hip fracture between January 1, 2006, and December 31,
2007, treated at 25 hospitals in five geographic areas in
Japan. Data for -1 year after the first hip fracture were
collected from medical records, and ‘questionnaires were
mailed to all patients. In total, 2,663 patients were enrolled,
and 335 patients were excluded based on exclusion criteria.
The analysis was performed on 2,328 patients. During the
1-year follow-up period 160 fractures occurred in 153
patients and 77 subsequent hip fractures occurred in 77

patients. The incidence of all additional fractures among

patients who sustained their first hip fracture was 70 (per
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1,000 person-year) and that for second hip fracture was 34.
In comparison to the general population, women >65 years
of age who sustained an initial hip fracture were four times
as likely to sustain an additional hip fracture. Antiosteo-
porosis pharmacotherapy was prescribed for 436 patients
(18.7%), while 1,240 patients (53.3%) did not receive any
treatment during the 1l-year period. Patients who have
sustained one hip fracture have a higher risk of a second
hip fracture compared to the general population, and most
of these women receive no pharmaceutical treatment for
osteoporosis.

Keywords Hip fracture - Second hip fracture -
Treatment of osteoporosis :

Introduction

Hip fractures are a common cause of morbidity and mor-
tality in the elderly and are associated with considerable
health expenditures in most industrialized countries. Sev-
eral studies have suggested a worldwide geographic vari-
ation in the incidence of hip fractures, with the highest
rates teported for northern European countries and the
United States and the lowest rates reported in Africa and
some Asian populations [1]. However, epidemiological
information regarding the risk of sustaining subsequent hip
fractures is limited compared to that of sustaining the first
hip fracture as fewer studies have addressed this issue.
Overall 1- and 5-year mortality rates after the first hip
fracture are 15.9 and 45.4%, while rates after a second hip
fracture are 24.1 and 66.5%, respectively [2].

The incidence of hip fractures had been increasing in
Europe and the United States until about 10 years ago,
when this rate plateaued or decreased [3-5]. Contrast this
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to Japan and other Asian countries, where the incidence of
hip fractures has increased steadily from 1986 to 2006 [1,
6]. However, only a few epidemiological studies have been
conducted to determine the incidence of sustaining a sec-
ond hip fracture within the Asian population.

Because of the high risk of sustaining a second hip
fracture in patients after their initial hip fracture, pharma-
cologic intervention is essential. However, reports suggest
that pharmacotherapy is not necessarily prescribed ade-
quately in these populations. Cadarette et al. [7] reported an
increased proportion of hip-fracture patients treated with
osteoporosis drugs; however, the overall proportion
remains low, with fewer than one-third of these patients
receiving pharmacotherapy. In another report, 9.2% of
women and 4.1% of men began therapy after a hip fracture
in 2004 [8]. Currently, no data are available concerning the
rates of prescription for osteoporosis treatment after a first
hip fracture based on an investigation of Asian patients.

The aim of this study was to elucidate the incidence of
additional fractures in patients within 1 year after they
sustained their first hip fracture. An additional aim was to
investigate the frequency of prescription of antiosteopo-
rotic pharmaceuticals in these patients.

Patients and Methods
Study Design and Overview

The present study was designed as a historical, register-
based, uncontrolled, follow-up study. This study was
approved by the local ethics committee at the Faculty of
Medicine, Tottori University (no. 1096), and by each par-
ticipating hospital. Data on demographics, treatments, and
health outcomes during each patient’s hospital stay were
collected from medical records. Data on patients who were
followed after the treatment for 1 year following the frac-
ture were also collected from medical records at each
hospital. A voluntary and confidential questionnaire was
mailed to patients and/or their family members regarding
the patients’ health outcomes in the 1-year period after the
initial hip fracture. The letter included an informed consent
explaining the study purpose, with instructions on how to
complete and return the survey.

Five geographic areas in Japan were selected for this
study: Niigata, Toyama, Tokyo, Tottori, and Kumamoto.
Within each area, four, five, two, nine, and five hospitals
(total of 25) participated in the study, respectively. A tally
of all female patients who sustained a hip fracture, 65 years
or older, injured during the 2-year period from January 1,
2006, to December 31, 2007, and treated in these hospitals
was conducted. All hospital data, registered anonymously
by number, were sent to Tottori University and compiled.

370

Data Collection
Medical Record Review

Hip fractures were identified by hospital records with
radiographs. Inclusion criteria were female patients
65 years or older who had experienced a hip fracture due to
minor trauma for the first time and had been admitted to
one of the 25 study hospitals during the study period
(January 2006 to December 2007). Patients with patho-
logical fractures or high-impact trauma, such as traffic
accidents, were excluded from the enrollment. During the
medical records review, all patients were selected accord-
ing to the above inclusion and exclusion criteria by
orthopedists.

Data collected from medical records were patient’s age
at the time of the first hip fracture, fracture site (right or
left), fracture type (neck or trochanter), date of birth, body
height, body weight, residence before the fracture, bone
mineral density (BMD, percent of young adult mean,
YAM), and if osteoporosis medications were taken. The
patients” ambulatory ability before the first hip fracture was
also recorded, divided into the following six categories:
ability to walk without difficulty, ability to walk outside
with a walking aid, ability to walk only inside with an aid,
inability to walk without support, complete inability to
walk, and unknown.

Comorbidities were defined as conditions that patients
had before hip-fracture surgery. Main comorbidities
included hypertension, heart failure, arrthythmia, diabetes
mellitus, respiratory disease, a history of stroke, Parkinson
disease, osteoarthritis, rheumatoid arthritis, and dementia.
Dementia was defined as patients having fewer than 21
points on the revised version of Hasegawa’s Dementia
Scale. The presence of cognitive dysfunction was ascer-
tained by a medical records review.

Treatment data included admission and discharge dates,
type of surgery (osteosynthesis or arthroplasty), implants
used for surgery, rehabilitation protocol, and if osteopo-
rosis treatment was prescribed during the hospital stay.
Medical record reviews at the treating hospitals confirmed
whether follow-up data were available in the hospital, if the
patient was currently alive or dead, the occurrence of new
fractures within 1 year after the first hip fracture and
treatment for those fractures, and if osteoporosis was
treated. Fractures were verified by radiographs.

Questionnaire
A letter was sent from coinvestigators at each hospital to
the patients who met the study inclusion criteria. The

informed consent and surveys were sent to the billing
addresses used at their last hospitalization. Patients and/or

‘5.’_) Springer
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their family members were asked to sign the consent form
and complete and return the questionnaire in a self-
addressed, stamped envelope if they agreed to participate
in the study. The questionnaire inquired if osteoporosis
treatment had been prescribed and the occurrence of any
new fractures. If the latter was present, the details about the
new fracture site, the cause of the fracture, and treatment
details were also asked.

Statistical Analysis

Age-specific incidence was calculated based on the number
of fractures and observational year. Age- and gender-spe-
cific incidences (per 1,000 person-years), reported previ-
ously for the general population in Japan, were adopted to
cbmpare the risk of hip fracture among patients with a prior
hip fracture. Age- and gender-specific incidences (per
1,000 person-years) of hip fracture for the general popu-
lation in women are 1.9, 8.6, 24.5, and 25.4 in the age
groups of 65-74, 75-84, 85-94, and >95 years, respec-
tively, and the risk for all women 65 years old or older
is 8.3 (data were analyzed based on the study by Hagino
et al. [1]).

Continuous variables, including age, body height, body
weight, and body mass index (BMI) before surgery, were
compared using #-tests. Pearson’s chi-squared tests or
Fisher’s exact tests were used to compare the categories/
ratios of variables.

A multivariate analysis was performed in addition to a
univariate analysis. Variables determined during the hos-
pitalization with a significance level of P < 0.05, as
determined by univariate analysis, were selected for mul-
tivariate analysis. Multivariate logistic regression analysis

was used to provide adjusted odds ratio (OR) estimates for
associations with subsequent fractures.

Statistical analysis was performed using SPSS software
(SPSS 1I for Windows, version 11.0.1J; SPSS, Inc., Tokyo,
Japan).

Results

Enrolled Patients and Response Rates -
for Questionnaires :

Two hundred thirty-five patients from the Niigata area, 605
patients from the Toyama area, 216 patients from the
Tokyo area, 892 patients from the Tottori area, and 715
patients from the Kumamoto area (in total 2,663 patients)
were enrolled. Three hundred thirty-five patients were
excluded according to the exclusion criteria: 213 had a
fracture before or after the study period, 96 were under
65 years old, and 26 were lacking detailed data regarding
the cause of the fracture including a suspicion of patho-
logical fracture. The analysis was then conducted for 2,328
patients (Fig. 1). Fractures occurred on the right side in
1,200 patients and on the left side in 1,128 patients; 1,025
were neck fractures and 1,303 were trochanteric fractures.
One thousand eighty-five (46.6%) of 2,328 patients
returned their questionnaires. Sixty-one patients died dur-
ing the follow-up period. Among the remaining patients,
1,076 were followed based on both medical records and
patient questionnaires and 887 patients who did not return
the patient questionnaires were followed by a medical
record review. As a result, 304 were lost to follow-up.

Fig. 1 Patient disposition. 1,
Duration of follow-up 1 year; 2,

Patients enrolled
N=2663

patient questionnaires were not
returned Excluded due to the
exclusion criteria
N=335
Study population
N=2328
Completed the study Died Lost to follow-up
N=1963 N=61 N=304
y
Follow—up1 by medical Follow—up ! by
records review and patient medical records
questionnaires review only 2
N=1076 N=887
@ Springer
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Demographics of the Patients

The average age at the time of the initial fracture was
83.6 years (range 65-104). The place of residence, inves-
tigated by medical chart records, was the patient’s own
home in 1,550 patients, a nursing home in 482 patients, a
hospital in 190 patients, other in 9 patients, and unknown in
97 patients.

Ambulatory abilities before the first hip fracture
according to the medical charts were “Able to walk with-
out difficulty” in 881 patients (37.8%), “Able to walk
outside with a walking aid” in 670 patients (28.8%), “Able
to walk only inside with aid” in 132 patients (5.7%),
“Unable to walk without support” in 329 patients (14.1%),
“Unable to walk” in 171 patients (7.3%), and unknown in
145 patients (6.3%).

Regarding comorbidities, hypertension was diagnosed in
1,030 patients, heart failure in 297 patients, arrhythmias in
123 patients, diabetes mellitus in 317 patients, respiratory
disease in 148 patients, a history of stroke in 320 patients,
Parkinson disease in 87 patients, osteoarthritis in 236
patients, and rheumatoid arthritis in 60 patients. Dementia
was diagnosed in 500 patients (21.5%), was not diagnosed
in 666 patients (28.6%), and was not examined in 1,139
patients (48.9%). Among those not examined, cognitive
dysfunction was present in 472 patients (20.3%).

Osteoporosis was diagnosed before the first hip fracture
in 274 patients (11.8%), was not diagnosed in 1,587
patients (68.2%), and status was unknown in 467 patients
(20.1%). Antiosteoporosis medication was administered in
185 patients (7.9%). Importantly, no information regarding
medications was available in 2,038 patients (87.5%).

BMD was measured in 365 patients (15.7%) before the
first hip fracture or during the hospitalization for treatment
of the first hip fracture. BMD measurements were per-
formed using dual-energy X-ray absorptiometry of the
lumbar spine and hip in 241 patients (66.0%) and of the
forearm in 117 patients (32.1%). Radiographic absorpti-
ometry of the metacarpal bone was measured in one patient
(0.27%). The mean BMD value (YAM%) was
60.1 &= 15.2%, with a range of 27-127%.

Treatment during Hospitalization for First Hip Fracture

Among 2,328 patients, 2,192 (94.2%) were treated surgi-
cally. Among patients with femoral neck fractures treated
surgically (n = 951), 630 (66.2%) were treated with
arthroplasty, including hemiarthroplasty and total arthro-
plasty. Among patients with trochanteric fractures treated
surgically (n = 1,241), 1,232 (99.3%) were treated with
osteosynthesis (cannulated screw or pin 10, sliding hip
screw 484, short femoral nail 726, other 12) and 8 (0.6%)
were treated with arthroplasty (unknown 1). Postoperative
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rehabilitation was prescribed for 2,196 patients (94.3%),
was not performed in 109 patients (4.7%), and status was
unknown in 23 patients (1.0%). Antiosteoporotic pharma-
cotherapy was administered to 456 patients (19.6%) during
their hospitalization. The mean duration of hospitalization
was 48.6 £+ 53.4 days for neck fractures and 48.0 &
41.1 days for trochanteric fractures.

Treatment after Discharge from First Hospital Stay

Data regarding treatment after discharge from the first
hospital stay were collected from the patient questionnaires
and follow-up data, if available, and confirmed by hospital
records. During this 1-year period, antiosteoporosis phar-
macotherapy was given in 436 patients (18.7%) and 1,240
patients (53.3%) received no treatment. In 24.8% of
patients the treatment status was unknown. Only 166
patients (36.4 %) among the 456 receiving antiosteoporosis
pharmacotherapy during hospitalization continued treat-
ment during the 1-year follow-up.

Fractures after the First Hip Fracture

During the 1-year follow-up period, 160 fractures occurred
in 153 patients (Table 1). Among them, 129 were verified
by radiography and confirmed by orthopedic doctors and
24 were self-reported in questionnaires. The average age in
this subset of patients at the time of the first fracture was
84.0 years (range 68-98). Sixty-six (43.1%) fractures
occurred within 6 months after the first hip fracture and 88
(57.5%) within 8 months (Fig. 2). Among these, 77 hip
fractures occurred in 77 patients, 25 clinical vertebral
fractures occurred in 25 patients, and 9 forearm fractures
occurred in 9 patients within 1 year after the first hip
fracture. Among the 77 hip fractures, 67 were verified by
radiography and confirmed by orthopedic doctors and 10
were self-reported in questionnaires. Forty (51.9%) hip
fractures occurred within 6 months after the first hip frac-
ture and 48 (62.3%) within 8 months (Fig. 2). Subsequent
hip fractures occurred on the opposite side in 58 patients
(75.3%) and 63.3% were similar in fracture type to the first
fracture.

The incidence of all fractures among patients with a first
hip fracture was 70 (per 1,000 person-years), and that for
hip fractures was 34. Age-specific incidences for sub-
sequent fractures were highest in the >95 year age group;
however, the differences between the age groups were small
(Table 2). In comparison to the general population, women
>65 years of age who sustained an initial hip fracture were
four times as likely to sustain an additional hip fracture. The
rate ratio among those with one hip fracture was as high as
18.6 times in the age group 65-74 years compared to that in
the general population (Table 2).
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Table 1 Characteristics of patients with subsequent fractures

All fracture P Hip fracture P
+) =) ++ =)
n =153 n = 2,175 n="77 n = 2251
Age (years) 842 £ 7.0 83.6 £7.1 n.s. 844 + 173 83.6 7.1 ns.
Body height (cm) 1453 £ 72 1467 £ 7.0 n.s. 1448 £ 7.6 146.6 + 7.0 n.s.
Body weight (kg) 42.8 +£8.3 443 £ 8.6 0.038 422£79 443 £ 8.6 0.046
Body mass index (kg/mz) 20.1 £ 3.1 20.6 £ 34 n.s. 20.0 £ 3.0 20.6 £ 34 n.s.
Comorbid disease
+ 135 1,964 66 2,033
- 17 159 n.s. 10 166 n.s.
Cognitive dysfunction
+ 70 902 35 937
- 74 1,117 n.s. 39 1,152 n.s.
Ambulatory abilities before the first hip fracture
No aid 24 476 12 488
Dependent 123 1,560 0.049 61 1,622 n.s.
Fracture site (1st hip fracture)
Right 80 1,120 41 1,159
Left 73 1,055 n.s. 36 1,092 n.s.
Fracture type ,
Neck 69 956 40 985
Trochanteric 84 1,219 n.s. 37 1,266 n.s.
Surgical procedure
Osteosynthesis 105 1,446 53 1,498
Arthroplasty 43 595 n.s. 22 616 n.s.
Pharmacotherapy
During hospitalization
+ 38 418 13 443
- 107 1,717 n.s. 58 1,766 n.s.
Posthospitalization
+ 48 388 19 417
- 103 1,715 <0.001 57 1,761 n.s.
n.s. Nonsignificant
Among patients with subsequent fractures, antiosteo- 20 -

porosis drugs were administered in 24 (15.7%, unknown
123 [80.4%]) before the first hip fracture, 38 (24.8%,
unknown 8 [5.2%]) during the hospitalization, and 48
(31.4%, unknown 29 [19.0%]) during the 1-year follow-up
period. Among 77 patients with a second hip fracture,
antiosteoporosis drugs were administered in 11 (14.3%,
unknown 64 [83.1%]) before the first hip fracture, 13 (16.9
%, unknown 6 [7.8%]) during the hospitalization, and 19
(24.7%, unknown 18 [23.4%]) during the 1-year follow-up
period.

There were significant - differences in body weight
between patients with and without subsequent fractures
(Table 1). Ambulatory abilities were divided into two
categories of “no aid” and “dependent”: “no aid” was “to
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Fig. 2 Number of patients with subsequent fractures in selected time
intervals after the first hip fracture



