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Abstract
Summary Our results revealed that the decrease in isometric knee extension muscle strength on the operated and nonoper-
ated sides in patients with hip fractures was associated with not only a decrease in skeletal muscle mass but also a decrease 
in muscle quality, characterized by a decreased PhA.
Purpose This study aimed to assess the relationship between isometric knee extension muscle strength on the operated or 
nonoperated sides and PhA in patients with hip fractures at approximately 6 months postoperatively.
Methods This study was a cross-sectional study. Skeletal muscle index (SMI), PhA, knee extension muscle strength on the 
operated and nonoperated sides, and other physical function variables were assessed at approximately 6 months postopera-
tively. To identify predictors of knee extension muscle strength on the operated and nonoperated sides, hierarchical multiple 
regression analysis was performed.
Results A total of 90 patients with hip fractures were included (mean age, 80.1 ± 6.9 years). SMI (0.45) and PhA on the 
operated side (0.27) were the significant associated factors extracted for isometric knee extension muscle strength on the 
operated side (standardized partial regression coefficients), independent of age, sex, and body mass index (BMI). Movement 
control during one-leg standing on the nonoperated side (0.26), SMI (0.32), and PhA on the nonoperated side (0.40) were 
the significant associated factors extracted for isometric knee extension muscle strength on the nonoperated side, independ-
ent of age, sex and BMI.
Conclusions Our results revealed that the decrease in isometric knee extension muscle strength on the operated and nonoper-
ated sides in patients with hip fractures at approximately 6 months postoperatively was associated with not only a decrease 
in skeletal muscle mass but also a decrease in muscle quality, characterized by a decreased PhA.

Keywords Hip fracture · Six months postoperatively · Muscle quality · Knee extension muscle strength

Introduction

Patients with hip fractures following surgery experience 
problems, including loss of motor functions. A previous 
study reported that 40%–60% of patients with hip frac-
tures at 6 months postoperatively had reduced gait func-
tion compared with pre-fracture levels [1]. Furthermore, it 
is well known that patients with hip fractures often have 
decreased knee extension strength [2], which is associated 
with higher mortality in several diseases, such as musculo-
skeletal diseases, including patients with hip fractures [3]; 
cardiovascular diseases [4]; and respiratory diseases [5]. 
Therefore, recovery of knee extension strength is one of the 
most significant targets of rehabilitation [6, 7]. For effective 

 * Takuya Umehara 
 start.ume0421@gmail.com

1 Department of Rehabilitation, Faculty of Rehabilitation, 
Hiroshima International University, Kurose-Gakuendai 
555-36, Higashi-Hiroshima, Hiroshima, Japan

2 Department of Rehabilitation, Kure Kyosai Hospital, 
Nishichuo 2-3-28, Kure, Hiroshima, Japan

3 Department of Orthopaedic Surgery, Kure Kyosai Hospital, 
Nishichuo 2-3-28, Hiroshima, Kure, Japan

4 Department of Rehabilitation, Saiseikai Kure Hospital, Sanjo 
2-1-13, Kure, Hiroshima, Japan

5 Department of Orthopaedic Surgery, Saiseikai Kure Hospital, 
Sanjo 2-1-13, Hiroshima, Kure, Japan

6 Department of Health Informatics, Graduate School 
of Biomedical and Health Sciences, Hiroshima University, 
Kasumi 1-2-3, Minami-Ku, Hiroshima, Hiroshima, Japan

http://crossmark.crossref.org/dialog/?doi=10.1007/s11657-023-01251-9&domain=pdf


 Archives of Osteoporosis (2023) 18:54

1 3

54 Page 2 of 7

rehabilitation, it may be useful to determine factors that 
cause and predict low knee extension strength [8, 9].

Decreased knee extension muscle strength in patients 
with hip fractures is associated with fracture type [10], low 
balance [10], low gait speed [10], and severe pain [11]. 
Furthermore, it is well known that muscle cross-sectional 
area is correlated with muscle strength [12], and low knee 
extension muscle strength in patients with hip fractures in 
the early 1970s has been observed to be associated with 
low muscle mass [11]. However, decreased muscle strength 
occurring in older adults, including those with diseases, is 
frequently not explained solely by low muscle mass. For 
example, in patients with heart failure, although the mus-
cle mass was comparable, muscle strength was significantly 
reduced compared with healthy participants [13], indicating 
the contribution of other factors other than muscle mass. 
Moreover, decreased muscle quality is believed to con-
tribute to a decrease in muscle strength. A previous study 
reported that maintaining or increasing skeletal muscle mass 
could not prevent decreased strength when muscle quality 
was decreased [14]. Based on these findings, we speculate 
that a decrease in muscle quality, as well as muscle mass, 
contributes to the decreased knee extension muscle strength 
observed in patients with hip fractures.

The phase angle (PhA) can be calculated simultaneously 
with muscle mass by bioelectrical impedance analysis and 
is a useful muscle quality parameter [15]. PhA can be cal-
culated by bioelectrical impedance using the following two 
indices: reactance (cell membrane intrinsic resistance [Xc]) 
and resistance (intracellular and extracellular resistance 
[R]). Theoretically, Xc is a measure of the capacitance vol-
ume of the cell membrane, and its resistance to current is 
determined by body fat, total body water, and extracellular 
water [16]. Therefore, PhA is considered a cell membrane 
integrity marker [17]. Previous studies showed that disease 
and dysfunction could cause a secondary decrease in the 
PhA by disrupting the electrical properties of tissues [18]. 
Lower PhA was shown to be associated with lower muscle 
strength and higher mortality in community-dwelling older 
adults [19]. Similarly, low PhA in patients with cardiac dis-
ease was noted to be significantly associated with low knee 
extension strength, independent of age and body mass index 
(BMI) [20]. Additionally, PhA was reported to be positively 
correlated with lower limb muscle strength in patients with 
knee or hip osteoarthritis [21, 22]. However, although mus-
cle weakness on the operated and nonoperated sides occurs 
after hip fracture, the association between the PhA and knee 
extension strength on the operated and nonoperated sides in 
patients with hip fractures has not been investigated.

Therefore, this study aimed to assess the relationship 
between isometric knee extension muscle strength on the 
operated or nonoperated side and PhAs in patients with hip 
fractures at approximately 6 months postoperatively.

Materials and methods

Study design and setting

This study was a cross-sectional study and was performed in 
a hospital from April 2019 to February 2022. Recruitment, 
follow-up, and data collection were performed by the reha-
bilitation staff of the cooperating hospital. All patients pro-
vided written informed consent after a detailed explanation 
of the protocol. This study was conducted with the approval 
of the Ethics Committee in accordance with the Strengthen-
ing the Reporting of Observational Studies in Epidemiology 
statement according to the Declaration of Helsinki.

Patients

The study included patients with hip fractures, and meas-
urements were taken at approximately 6 months postop-
eratively. The inclusion criteria included patients with hip 
fractures aged 65 years or older who were able to walk inde-
pendently. The exclusion criteria included those who had a 
pacemaker or had severe dementia. Severe dementia was 
defined as a revised Hasegawa’s dementia scale (HDS-R) 
score of 9 or less. The required sample size was calculated 
using G × power 3.1.9.6. A sample size analysis with an 
alpha value of 0.05, power of 0.8, and effect size f2 of 0.15 
determined a sample size of 92 patients.

Intervention

Patients with hip fractures underwent surgery, pharma-
cotherapy, and exercise therapy interventions. The surgi-
cal options were osteosynthesis or artificial femoral head 
replacement, depending on the fracture type. Pharmacother-
apy was performed in all patients to reduce pain pre- and 
postoperatively. The contents of exercise therapy were deter-
mined by the therapist following the physician’s orders. The 
intervention period was from the first day after the surgery 
until hospital discharge. The interventions included func-
tional exercises (neuromuscular exercises, range of motion 
exercises, and resistance training), gait exercises, activities 
of daily living exercises, and psychological support for the 
patient and family. Following hospital discharge, the physi-
cian explained to the patients and their families that reha-
bilitation should be continued.

Bioelectrical impedance analysis

We assessed body composition via multiple-frequency bio-
electrical impedance analysis (InBody S10, InBody, Tokyo, 
Japan) using six different frequencies (1, 5, 50, 250, 500, and 
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1000 kHz). Patients remained supine on the bed with their 
arms and legs abducted, and reusable contact electrodes 
were placed on the first and third fingers of both hands and 
the medial and lateral sides of both ankles. We calculated 
the skeletal muscle index (SMI) by dividing the limb skeletal 
muscle mass (kg) by the square of the height  (m2). Based on 
bioelectrical impedance measurements, we calculated the 
PhA from the relationship between the resistance and reac-
tance vectors. To calculate the PhA, we used a resistance 
and reactance of 50 kHz; the PhAs in the right and left lower 
limbs were used for analysis.

Isometric knee extension muscle strength

According to the methods described in a previous study [23], 
isometric knee extension muscle strength on the operated and 
nonoperated sides was measured using a hand-held dynamom-
eter (HHD) (Anima Corp., Tokyo, Japan). Patients sat on a 
chair with their trunks kept straight and perpendicular using 
both hands on the bench beside the body. An HHD sensor was 
fixed to the anterior side of the lower leg using a traction belt 
placed between the level of the lateral malleolus of the lower 
leg and the main pillar behind the chair. Using the HHD, iso-
metric knee muscle extension strength was measured for 5 s 
at a flexion angle of 90°, taking care to keep the traction belt 
parallel to the floor. Measurements were repeated two times 
with at least 30-s intervals between measurements. Corrected 
muscle strength was calculated using the following equation: 
muscle strength measured by HHD × lower leg length (nearly 
the moment arm)/body weight. Lower leg length was meas-
ured as the distance between the lateral femoral epicondyle 
and the lateral malleolus.

Other physical function variables

Walking form and speed, pain, movement control during one-
leg standing, one-leg standing time, and hand grip strength 
were the other physical function variables. Walking form 
was determined to be a form of independent walking, includ-
ing walking without support, walking with a cane, or walk-
ing with a walker. Walking speed was measured as the time 
taken to walk a distance of 10 m at a comfortable speed. Two 
measurements were taken, and the maximum value (m/min) 
was used as the representative value. Pain intensities at rest 
and during activity of the hip joint on the operated side were 
assessed using the numerical rating scale (NRS). The NRS is 
divided into 11 stages from 0 to 10, with 0 indicating no pain 
at all and 10 indicating the worst possible pain. According 
to the methods of a previous study, we measured the move-
ment control during one-leg standing [24], one-leg standing 
time [25], and hand grip strength [26]. The following were 
the three criteria for movement control during one-leg stand-
ing: criterion 1 states that the hip joint should remain stable 

in the extension and intermediate positions during rotation 
and abduction–adduction movements. The pelvis and upper 
body should not move from their initial position: criterion 2 
states that the vertical axis of the leg should remain straight, 
and varus or valgus should not occur. The patella should be 
directed to the third metatarsal: criterion 3 states that a com-
ponent was considered incorrect when intermittent support by 
the hand against the wall or the contralateral foot on the floor 
was necessary. The component was considered to have > 1 
incorrect component if additional support was needed 
throughout the exercise. A three-point Likert scale was used 
for evaluation, where 2 points indicated that all criteria were 
correct, 1 point indicated that 1 criterion was incorrect, and 0 
points indicated that > 1 criterion was incorrect or false.

Other measurement variables

Age, sex, BMI, presence of family living together, HDS-R 
score, fracture type and side, operative type, previous medi-
cal history (chronic obstructive pulmonary disease, cardio-
vascular disease, cerebrovascular disease, cancer, hyperten-
sion, diabetes, chronic kidney disease, and other fractures), 
geriatric nutritional risk index (GNRI), and degree of sar-
copenia were the other measurements included. Sarcopenia 
was determined using the Asian Working Group for Sar-
copenia 2019 methods [27]. The degree of sarcopenia was 
evaluated using the presence of low muscle mass, low mus-
cle function, and low physical function. Low muscle mass 
was defined as a skeletal muscle mass index of less than 7.0 
and 5.7 kg/m2 for male and female patients, respectively. 
Low muscle strength was defined as a hand grip strength of 
less than 28 and 18 kg for male and female patients, respec-
tively. Low physical function was defined as a gait speed 
of > 1.0 m/s. Severe sarcopenia was defined as having all of 
the following parameters: low skeletal muscle mass index, 
low muscle strength, and low physical function [27]. Sarco-
penia was defined as low skeletal muscle mass index and low 
muscle strength or low physical function [27].

Statistical analysis

All statistical analyses were performed using Statistical 
Package for the Social Sciences version 29 version Windows 
(IBM SPSS Japan, Tokyo, Japan).

To identify factors associated with isometric knee exten-
sion muscle strength on the operated and nonoperated sides, 
hierarchical multiple regression analysis was performed. 
When the knee extension muscle strength on the operated 
side was the dependent variable, the independent variables 
were SMI, PhA on the operated side, walking form and 
speed, pain, movement control during one-leg standing on 
the operated side, and other measurement variables. When 
the knee extension muscle strength on the nonoperated 
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side was the dependent variable, the independent variables 
were SMI, PhA on the nonoperated side, walking form and 
speed, pain and movement control during one-leg standing 
on the nonoperated side, and other measurement variables. 
First, age, sex, and BMI were forced in as block 1. Using 
a stepwise method, the other independent variables were 
entered in block 2. Factors related to knee extension muscle 
strength on the operated and nonoperated sides were sepa-
rately extracted from the confounding factors (age, sex, and 
BMI). The threshold of the correlation coefficient between 
independent factors was set to 0.8 to account for multicol-
linearity, selecting those with a high correlation with the 
dependent variable. The significance level was set at 5%.

Results

A total of 101 patients with hip fractures met the inclusion 
criteria. Of these, 4 and 7 had pacemakers inserted and 
severe dementia, respectively; therefore, 11 patients were 
excluded from the analyses. Finally, a total of 90 patients 
were included in the analyses (mean age, 80.1 ± 6.9 years). 
The patient characteristics are presented in Table 1.

Correlation analysis revealed relationships between 
independent variables and age, sex, BMI, dwelling place, 
presence of family living together, HDS-R score, fracture 
type and side, presence or absence of medical history, 
GNRI, degree of sarcopenia, walking form, 10-m gait 
speed, pain movement control during one-leg standing, 
one-leg standing time, hand grip strength, SMI, and PhA 
in the hierarchical multiple regression model. The results 
of the hierarchical multiple regression analysis are shown 
in Table 2. The SMI and PhA on the operated side were 
the significant associated factors extracted for isomet-
ric knee extension muscle strength on the operated side, 
independent of age, sex, and BMI. Standardized partial 
regression coefficients representing the magnitude of 
involvement of each independent variable were 0.45 and 
0.27 for the SMI and PhA, respectively. The coefficient of 
determination adjusted for degrees of freedom (R2), rep-
resenting the contribution rate of the regression equation, 
was 0.256. Movement control during one-leg standing on 
the nonoperated side, SMI, and PhA on the nonoperated 
side were the significant associated factors extracted for 
isometric knee extension muscle strength on the nonop-
erated side, independent of age, sex, and BMI. Stand-
ardized partial regression coefficients representing the 
magnitude of involvement of each independent variable 
were 0.26, 0.32, and 0.40 for movement control during 
one-leg standing, SMI, and PhA, respectively. The coef-
ficient of determination adjusted for degrees of freedom 

(R2), representing the contribution rate of the regression 
equation, was 0.384.

Discussion

This study aimed to assess the relationship between iso-
metric knee extension muscle strength on the operated or 
nonoperated side and PhA in patients with hip fractures at 
approximately 6 months postoperatively. Our hierarchical 
multiple regression analysis showed that the significant asso-
ciated factors extracted for isometric knee extension muscle 
strength on the operated side were SMI and PhA on the oper-
ated side, independent of age, sex, and BMI. The significant 
associated factors extracted for isometric knee extension 
muscle strength on the nonoperated side were movement 
control during one-leg standing on the nonoperated side, 
SMI, and PhA on the nonoperated side, independent of age, 
sex, and BMI. We revealed that the decrease in isometric 
knee extension muscle strength on the operated and nonop-
erated sides in patients with hip fractures at approximately 
6 months postoperatively is associated with not only a 
decrease in skeletal muscle mass but also a decrease in mus-
cle quality, characterized by a decreased PhA. Therefore, it 
is necessary to improve not only muscle mass but also mus-
cle quality to improve muscle strength in patients with hip 
fractures at approximately 6 months postoperatively.

The decrease in the SMI was significantly associ-
ated with a decrease in isometric knee extension muscle 
strength on the operated and nonoperated sides. In a pre-
vious study [28], SMI was observed to be associated with 
muscle strength. In our study, the SMI was related to mus-
cle strength, and our result is consistent with the results 
of the previous study. The poor movement control during 
one-leg standing on the nonoperated side was significantly 
associated with a decrease in isometric knee extension 
muscle strength on the nonoperated side. Because muscle 
strength is assumed to be involved in movement control 
during one-leg standing [29], this association is not sur-
prising. However, this association was not observed on 
the operated side. The operated side (80%) had a higher 
percentage of patients grasping something during one-leg 
standing, which is one of the subtractive items, than the 
nonoperated side (65%). Therefore, it is possible that the 
association between muscle strength and movement control 
during one-leg standing was masked by providing support 
with the upper extremity on the operated side.

The decreases in the PhAs were significantly associ-
ated with a decrease in isometric knee extension muscle 
strength on the operated and nonoperated sides. Previous 
studies reported that the PhA decreased with age and was 
positively correlated with lower limb muscle strength in 
community-dwelling older adults or patients with knee 
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or hip osteoarthritis [19, 21, 22]. Moreover, the PhA 
was significantly associated with knee extensor strength, 
independent of age and BMI, in inpatients with cardio-
vascular disease [20]. Therefore, a decrease in the PhA 
as a biomarker of a decrease in muscle quality is becom-
ing increasingly recognized [15, 30]. From our results, 
the decrease in the PhA in patients with hip fractures 
will also contribute to muscle weakness owing to low 
muscle quality. The PhA may be increased by short-term 
resistance training [31, 32]. Therefore, resistance train-
ing may improve the PhA, thereby resulting in improved 
knee extension strength in patients with hip fractures. 

Furthermore, a significant implication of this study is 
that the PhA is lower than the previously reported PhAs 
with higher mortality in community-dwelling older adults 
and patients with knee or hip osteoarthritis. Lower PhA 
is associated with higher mortality [33, 34]. Specifically, 
previous studies reported that the mortality of patients 
with cardiorenal diseases who had PhAs of 3.6°–4.2° 
was higher than that of patients who had PhAs of 4.3° 
or higher [35]. Similarly, the mortality of community-
dwelling older adults who had PhAs of 3.5° or less was 
higher than that of older adults who had PhAs of 3.6° or 
higher [35]. In our study, the average PhAs was 3.3° and 

Table 1  Patients characteristics (n = 90)

BMI body mass index, HDS-R the revised Hasegawa’s Dementia scale, NRS Numerical Rating Scale, SMI Skeletal Muscle mass Index, PhA 
phase angle

Age (years) 80.1 ± 6.9

Sex Male/female 22/68
BMI (kg/m2) 21.6 ± 3.4
Dwelling place Home/institution 87/3
Family living together Presence/absence 55/35
HDS-R (score) 23.3 ± 5.1
Fracture type Femoral trochanteric fracture/femoral neck fracture 40/50
Fracture side Left/right 50/40
Operative type Fracutre fixation/total hip replacement 40/50
Previous medical history

  Chronic obstructive pulmonary disease Presence/absence 9/81
  Cardiovascular disease Presence/absence 16/74
  Cerebrovascular disease Presence/absence 14/76
  Cancer Presence/absence 10/80
  Hypertension Presence/absence 20/70
  Diabetes Presence/absence 30/60
  Chronic Kidney disease Presence/absence 17/73
  Other fracture Presence/absence 22/68

Geriatric Nutritional Risk Index (score) 103.5 ± 50.0
Degree of sarcopenia Nonsarcopenia/sarcopenia/severe sarcopenia 34/22/34
Walking form Walking without the support/walking with cane/walk-

ing with walker
0/78/12

10-m gait speed (second) 14.2 ± 9.9
NRS rest (score) 0.1 ± 0.6
NRS activity (score) 1.4 ± 2.1
Movement control during one-leg standing on operated side (score) 1.2 ± 0.7
Movement control during one-leg standing on nonoperated side (score) 0.9 ± 0.6
One leg standing time on operated side (score) 6.5 ± 10.9
One leg standing time on nonoperated side (score) 10.4 ± 12.8
Hnad grip strength (kg) 18.2 ± 7.1
SMI 5.6 ± 1.2
Phase angle on operated side 3.3 ± 0.8
Phase angle on nonoperated side 3.6 ± 1.1
Knee extension strength on operated side (Nm/kg) 1.13 ± 0.53
Knee extension strength on nonoperated side (Nm/kg) 1.87 ± 0.42
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3.6° on the operated and nonoperated sides, respectively. 
The PhA in this study was similar to or lower than the val-
ues associated with higher mortality in previous studies 
[36]. Patients with hip fractures have a high mortality rate 
of approximately 10% and 25% at 1 and 10 years postop-
eratively, respectively [36]. Therefore, patients with hip 
fractures should continue resistance training after hospital 
discharge, and a period may be necessary even after at 
least 6 months postoperatively. Continued exercise ther-
apy, including resistance training, may increase the PhA 
and decrease mortality. However, these possibilities were 
not investigated in this study, and further study is needed.

This study had some limitations. First, we could not meas-
ure the PhA of a specific muscle. In this study, the PhA of the 
lower limbs was measured. While this method is simple, it 
cannot target specific muscles. Specific muscle quality assess-
ments include intramuscular fat content. In the future, it is 
necessary to include the amount of intramuscular fat in the 
quadriceps muscles. Lastly, we could not measure the swell-
ing after a fracture. This study may overestimate muscle mass 
because of postoperative swelling, which may introduce some 
bias in this result. However, this study included patients with 
hip fractures at approximately 6 months postoperatively, and 
it is likely that several patients would not have swelling.

In conclusions, the results of our study revealed that the 
decrease in isometric knee extension muscle strength on the 
operated and nonoperated sides in patients with hip fractures 
at approximately 6 months postoperatively was associated with 
not only a decrease in skeletal muscle mass but also a decrease 

in muscle quality, characterized by a decreased PhA. There-
fore, to improve muscle strength in patients with hip fractures 
at approximately 6 months postoperatively, it is necessary to 
improve not only muscle mass but also muscle quality.
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