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Abstract

Background: Hip fractures are most likely to occur in older people, and after hip surgery muscle mass and the
ability to perform activities of daily living often decline. In this study, we conducted inpatient rehabilitation
after surgery for hip fracture and measured changes in muscle mass and physical performance.

Methods: We retrospectively analyzed patients aged 65 years or older who underwent surgery (prosthetic
replacement or internal fixation) and inpatient rehabilitation for hip fracture at our hospital between August
and December 2020. The training included a joint range of motion exercise, muscle-strengthening exercise,
gait training, early mobilization training, and neuromuscular electrical stimulation. We measured the
following factors after one and six weeks postoperatively: muscle mass, body weight, fat mass, grip strength,
bilateral knee extension strength, ability to walk, and ability to perform activities of daily living.

Results: Seventeen patients were included. Median age was 84 years (interquartile range, 72-90). Lower
limbs skeletal muscle mass increased (median 4.8 kg to 4.9 kg, p = 0.045), while upper limbs skeletal muscle
mass and body weight decreased (median 1.2 kg to 1.1 kg, p = 0.0027), (median 46.8 kg to 45.5kg, p=
0.0039), respectively. Total skeletal muscle mass and fat mass remained unchanged. Grip strength was
maintained, and knee extension muscle strength on the healthy and affected sides increased (healthy side
median 10.7 kgf to 13.7 kgf, p = 0.019; affected side median 5.5 kgf to 9.5 kef, p < 0.001). All patients
exhibited improved ability to perform activities of daily living; however, 52.9% of patients regained their
pre-injury walking ability.

Conclusions: Our rehabilitation program increased lower limb skeletal muscle mass in patients with hip
fractures.

Categories: Geriatrics, Physical Medicine & Rehabilitation, Orthopedics
Keywords: neuromuscular electrical stimulation, bioelectrical impedance analysis, rehabilitation program, hip
fracture, muscle mass

Introduction

The number of patients with hip fractures continues to increase with the growth of the elderly population
worldwide. Hip fractures are increasing exponentially among people over 70 years of age, and the number of
patients with hip fractures in Japan was approximately 190,000 per year in 2012; however, by 2040 it is
estimated that the number will reach approximately 300,000 people [1].

Patients with hip fractures are often elderly and include individuals with cognitive decline and systemic
complications at the time of injury; many of these patients exhibit difficulty with activities of daily living
(ADL) |2]. Additionally, it has been reported that approximately half of hip fracture patients have
impairment in ADL postoperatively [3]. Thus, the decline in the ability to perform ADL is a problem after
surgery for a hip fracture. Postoperative rehabilitation is considered useful, not only for improving the
ability to perform daily activities but also to prevent postoperative complications [3,4]. Additionally,
previous studies have reported that rehabilitation also improved muscle strength and shortened the length
of hospital stay [4]. One of the key goals of rehabilitation is to enable the patient to stand or walk.
Specifically, it is recommended that lower limb muscle strengthening and range-of-motion training begin
the day after surgery and that gait training progresses from parallel bars to walkers to crutches, to walking
with a T-cane [4,5].

It is also considered important to focus on increasing muscle mass as an indicator of the effectiveness of
rehabilitation because low muscle mass makes patients more prone to falls, which can lead to the need for
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nursing care [6]. Furthermore, it has been reported that as well as decreasing the ability to perform ADL and
the rate of home discharge, low muscle mass also increases mortality rates [7]. Some previous studies
reported a decrease in limb skeletal muscle mass and the ability to perform ADL during the first year of
postoperative follow-up [8].

Therefore, postoperative rehabilitation to increase muscle mass is considered to be necessary for patients
with hip fractures. However, when examining previous reports on measuring skeletal muscle mass in
patients undergoing rehabilitation after surgery for hip fracture, some reported that skeletal muscle mass
increased, while others showed it decreased. Of these, two studies reported an increase in skeletal muscle
mass. However, since both studies were conducted several weeks after surgery, detailed rehabilitation
protocols immediately after surgery and their effects were unknown [5,6,8-13].

In this study, we measured muscle mass and ADL over time in patients who underwent rehabilitation from
the day after surgery for a hip fracture and examined the effects of our rehabilitation program.

Materials And Methods

We retrospectively analyzed patients aged 65 years or older who underwent surgery (prosthetic replacement
or internal fixation) and inpatient rehabilitation for hip fracture at our hospital between August and
December 2020. Patients with fracture of the femoral head, greater or lesser trochanter only, inferior
trochanter, or pathological fracture, those who were discharged or transferred within six weeks after surgery,
and those who could not continue rehabilitation because of poor general condition were excluded [14]. This
study was approved by the Heisei Memorial Hospital Ethics Committee (protocol code 2019-002). The
following baseline information was obtained from patients’ medical records: age, gender, height, weight,
body mass index, comorbidities, fracture type, surgical procedure, surgical waiting time, and hospital stay.
Comorbidities were also assessed using the Charlson comorbidity score [15].

Rehabilitation program

In the Japanese medical system, there are two types of wards: “acute care wards,” which provide intensive
medical care aimed at early stabilization of conditions, and “convalescent wards,” which provide intensive
rehabilitation to patients who have passed the acute stage of illness and help them improve their ability to
perform ADL and return home. Although many hospitals have only one type of ward, because our hospital
has both an acute care ward and a convalescent ward, we were able to provide consistent treatment and
rehabilitation from admission to discharge to home or nursing home. Patients with fractures were admitted
to the acute care ward first, and when their general condition was stabilized after surgery, they were
transferred to the convalescent wards. The rehabilitation program set by the government differed between
the acute ward and the convalescent ward. We were able to provide training at the acute ward for up to two
hours per day and up to three hours per day at the convalescent ward, seven days a week in both wards,
following the Japanese medical system.

The training was based on our rehabilitation program for hip fractures, with modifications according to the
patient’s condition, especially weight-bearing restrictions. Our rehabilitation program is shown in Figure 1.
QOur program was characterized by two points: first, we actively conducted early mobilization training, and
second, we used neuromuscular electrical stimulation [16,17]. Regarding early mobilization training,
wheelchair transfer training was conducted in the patient’s room and training room from the first day or two
after surgery. Patients were then trained to walk with a walker one week after surgery and to walk with a
cane two weeks after surgery. In addition, although it depended on the patient’s condition, to ensure that
patients had time to get out of bed even outside of training hours, they ate in a wheelchair-sitting position
as much as possible in their rooms and performed gait training with nurses.
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FIGURE 1: Our rehabilitation program

The program is characterized by aggressive early mobilization training and neuromuscular electrical stimulation.

Neuromuscular electrical stimulation was performed on the affected lower limb in all patients from the day
after surgery using ESPURGE (ITO physiotherapy & rehabilitation, Japan). Specifically, from the day after
surgery to the fourth week, the patient underwent a combination of electrical stimulation targeting the
quadriceps muscles (rectus femoris, vastus medialis, and vastus lateralis) and voluntary knee extension
exercises. Depending on the patient’s condition, electrical stimulation was performed for a maximum of 20
minutes, and a total of 100 knee extension exercises were performed (Figures 2, 3). For five to eight weeks
postoperatively, electrical stimulation of the gluteus medius muscle was combined with voluntary hip
abduction and adduction exercises in the supine position, one-leg standing, and gait training for a maximum
of 20 minutes, depending on the patient’s condition. In addition, muscle strengthening exercises for the
limbs and trunk (active or passive exercise, resistance training, and weight-bearing exercises training), range
of motion training for the affected lower limb, and daily living exercises were also provided from the day
after surgery, as needed.
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FIGURE 2: The location of the quadriceps stimulating electrode in
neuromuscular electrical stimulation

The electrodes were placed just above the femoral nerve and at the motor points of the rectus femoris, vastus
medialis, and vastus lateralis muscles.
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FIGURE 3: Knee extension training combined with neuromuscular
electrical stimulation

Outcomes

We investigated body composition (skeletal muscle mass, body weight and fat mass), muscle strength (grip
strength and knee extension strength), walking ability, and ability to perform ADL as outcomes. A SECA
mBCA515 (Seca GmbH & Co. KG, Hamburg, Germany) device was used to measure body composition (Figure
4). This is an eight-point contact electrode method, multi-frequency bioelectrical impedance analysis
instrument that delivers electric current from the distal extremities [18]. A resting period of 20 minutes was
set before measurements according to the recommended usage. All measurements were performed in the
supine position. Two electrodes were placed on each limb at a distance of 5 cm. The electrode sites were
cleaned before the electrodes were attached. Measurements included SMM of total body, trunk, and bilateral
upper and lower limbs, body weight, and fat mass. The grip strength of the dominant hand and bilateral knee
extension muscle strength were measured as indices of muscle strength. Grip strength was measured using a
hand grip dynamometer (Takei Scientific Instruments Co., Ltd, Nigata, Japan). Patients held the hand grip
dynamometer with their dominant hand at maximum force for at least 5 seconds in a seated position with
the upper limb drooped, and maximum grip strength was recorded as the highest value of two trials [19].
Knee extension muscle strength was measured using a portable dynamometer, y-tas F-1 (Animaco., Ltd,
Tokyo, Japan) with the patient in a sitting position with the knee flexed to 90°. The patient was instructed to
gradually increase the intensity of knee extension to the dynamometer for approximately 2 seconds while
avoiding explosive extension and to maintain maximum muscle output for approximately 3 seconds.
Measurements were taken twice from the bilateral lower limbs, and the maximum value was recorded for
each [20]. Walking ability was measured using the Functional Ambulation Categories instrument [21,22]. The
minimum score was 0 and the maximum was 5. The pre-injury status was obtained from the patient or
family, and at six weeks postoperatively, the patient’s physical therapist conducted an evaluation. The
ability to perform ADL was assessed using the Functional Independence Measure (FIM) [23] and motor FIM
score, representing motor items, was recorded. Assessments were performed by the physical therapist in
charge at admission, after one and six weeks postoperatively, and just before discharge.
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FIGURE 4: SECA mBCA515 measurement in the supine position.

A resting period of 20 minutes was allowed before the measurements were conducted, in accord with
recommended use. All measurements were performed in the supine position. Two electrodes were placed on each
limb (hands and feet) at a distance of 5 cm.

SECAmBCAS15 device (Seca GmbH & Co. KG, Hamburg, Germany).

Statistical analysis

The Shapiro-Wilk test was used to assess and examine normal distribution. Because all of the
anthropometric measurements (muscle mass, body weight, and fat mass) and muscle strength (grip strength
and knee extension strength) were non-parametric, Wilcoxon’s signed rank sum test was used. Measures of
non-parametric data were expressed as median and interquartile range (IQR). Statistical significance was set
at p < 0.05. All of the analyses were performed using JMP 14 software (SAS Institute Inc., Cary, NC, USA).

Results

Thirty-five patients met the recruitment criteria and 17 were observed until the final follow-up period (six
weeks after surgery). Of the 18 patients who dropped out, two were unable to continue rehabilitation due to
deterioration in their general condition. Two were discharged home before six weeks. Fourteen

patients were transferred to another rehabilitation hospital. The median postoperative follow-up period for
the 17 patients was 68 days (IQR, 53-98). Table I shows the basic data of the 17 patients on admission. Four
patients were male, and 13 were female, with a median age of 84 years (IQR, 72-90). The median Charlson
comorbidity score was 2 (IQR, 0.5-2.0). Eleven patients were diagnosed with neck fracture and six patients
were diagnosed with trochanteric fracture. Eleven patients underwent prosthetic replacement, and six
underwent internal fixation (Table 2). Details of fracture types and surgical procedures are shown in Table 2.
The median waiting time for surgery was six days (IQR, 4.5-8.5), and the median length of stay in the acute
care and recovery wards was 19 days (IQR, 15.5-28.5) and 55 days (IQR, 33.5-77), respectively (Table 1).
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Age (years)

Female, n (%)

Height (m)

Weight (kg)

BMI (kg/m?)

Charlson comorbidity index
Type of fracture

[Neck fracture (n)
CTrochanteric (n)

Surgical method
[Prosthetic replacement (n)
Clinternal fixation (n)

Time to surgery (days)
Length of stay (days)
[CAcute wards (days)
[Convalescent ward (days)
FAC (n)

5

4

0

Motor FIM score

Median 84 (IQR 72-90)
13 (76.5%)

Median 1.5 (IQR 1.47—-1.58)
Median 46.8 (IQR 43.6-53.3)
Median 22.2 (IQR 19.4-23.2)

Median 2 (IQR 0.5-2.0)

"

6
1

Median 6 (IQR 4.5-8.5)
Median 68 (IQR 53-98)
Median 19 (IQR 15.5-28.5)
Median 55 (IQR 33.5-77.0)
O

7

1

Median 18 (IQR 16.0-27.5)

TABLE 1: Participants’ characteristics

Results are expressed as median (interquartile range, IQR).

n, %: Number of patients, percentage. BMI: Body mass index. FAC: Functional ambulation categories. FIM: Functional independence measure.
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Neck fracture (n) 11

Garden classification

ool 0
oon -
com 0
oo 7
Surgical method
Bipolar hip arthroplasty 6
Screws 5
Trochanteric fracture 6

Ewvans classification

Type 1 group 1 1
Type 1 group 2 0
Type 1 group 3 4
Type 1 group 4 1
Type 2 0
Surgical method
Short femoral nail 2
Long femoral nail 4

TABLE 2: Number of patients by the type of hip fracture and surgical method

n: Number of patients.

Skeletal muscle mass, body weight, and fat mass at one and six weeks postoperatively are shown in Figure 5.
There was no change in total skeletal muscle mass (9.4 kg [IQR, 5.9-13.6] to 8.5 kg [IQR, 6.0-12.4], p=

0.39) (Figure 5a). However, lower limbs skeletal muscle mass increased (4.8 kg [IQR, 3.4-5.9] to 4.9 kg [IQR,
4.0-6.5], p = 0.045 (Figure 5b) and upper limbs skeletal muscle mass decreased (1.2 kg [IQR, 0.8-1.7] to 1.1 kg
[IQR, 0.7-1.7], p = 0. 0027) (Figure 5c). Weight decreased (46.8 kg [IQR, 43.6-54.0] to 45.5 kg [IQR, 40.5-52.6],
p = 0.0039) (Figure 5d) and there was no change in fat mass (16.5 kg [IQR, 14.1-19.9] to 16.0 kg [IQR, 13.2-
19.7], p = 0.35) (Figure Se).
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FIGURE 5: Body composition at 1 week and 6 weeks postoperatively.

Box-and-whisker plots of total skeletal muscle mass (a), lower limbs skeletal muscle mass (b), upper limbs
skeletal muscle mass (c), body weight (d), and fat mass (e) at one and six weeks postoperatively.

The grip strength of the dominant hand and bilateral knee extension muscle strength at one and six weeks
postoperatively are shown in Figure 6. There was no change in grip strength of the dominant hand (10.7 kg
[IQR, 7.6-18.9] to 10.4 kg [IQR, 8.8-18.0], p = 0.95) (Figure 6a), while knee extensor strength increased on
both the healthy and affected sides (healthy side 10.7 kgf [IQR, 6.1-24.0] to 13.7 kgf [IQR, 8.4-25.5], p=0.019,
Figure 6b), affected side 5.5 kgf [IQR, 2.0-8.0] to 9.5 kgf [IQR, 6.0-19.0], p < 0.001, Figure 6c).
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FIGURE 6: Muscle strength at one week and six weeks postoperatively

Box-and-whisker plots of grip strength (kg) of the dominant hand (a) and knee extensor strength (kgf) of the
healthy (b)/affected (c) side at one and six weeks postoperatively are shown.

Finally, Table 5 shows the change in walking ability using Functional Ambulation Categories. Seven patients
were ambulatory independent (Functional Ambulation Categories score of 5) before admission, but only four
patients were ambulatory independent at six weeks. At six weeks postoperatively, 52.9% (nine of 17 patients)
exhibited recovery in walking ability that was equal to or better than that before admission. Motor FIM score
had a median of 18 (IQR, 16-27.5) at admission, 23 (IQR, 18-47.5) at one week postoperatively, 60 (IQR,
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34.5-85.5) at six weeks postoperatively, and 75 (IQR, 40.8-88) at discharge, with all patients exhibiting an

increase over time from admission to discharge. Specifically, a comparison of scores at one and six weeks
showed improvement (p < 0.001, Figure 7).

FAC Before admission (n) 6 weeks after surgery (n)
5 7 4
= = 5
3 3 2
2 2 1
1 0 2
0 1 3

TABLE 3: Walking ability assessed with FACs

Number of patients = 17.

FAC: Functional ambulation categories, n: Number of patients.

100 -

x . p<0.001
90- _I_

80

70 —

50

40

Motor FIM score

30-

20-

10
1 week 6 weeks

FIGURE 7: Motor FIM score at one week and six weeks postoperatively

Motor Functional Independence Measure (FIM) scores at one week and six weeks postoperatively are shown in
box-and-whisker plots. The horizontal line in the box represents the median value, and the lines above and below
the box represent the minimum and maximum values.

Discussion

Eight previous studies reported changes in skeletal muscle mass in patients undergoing rehabilitation after
hip fracture (Table ) [5,6,8-13]. Of these studies, five reported no change, one study reported a decrease in
muscle mass, and two studies reported an increase in muscle mass. The causes of the disparity in results
among the eight studies to date are thought to be (1) differences in the measurement methods for body
composition, (2) differences in the timing and duration of rehabilitation intervention, and differences in
protocols, and (3) the presence or absence of concomitant use of nutritional therapy. Of the studies that
found increased skeletal muscle mass, the current study is the first to report the effects of a detailed
rehabilitation program immediately after surgery. In this study, we demonstrated an increase in lower limb
skeletal muscle mass after six weeks of our rehabilitation program starting the day after surgery, which
included early mobilization training and neuromuscular electrical stimulation.
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Intervention
Author Number of o Outcome i Significant
X Rehabilitation Method periodD Values )
(year) patients (n) measurement difference
{months)
Ogawa et o Median 5 Increased
ADL and muscle strength training, 1-3 "
al. (2022) 368 g SMI BIA 1.5 kg/m* to 0
ay i
9] 52 kg;mz significantly
Mean 15.1
Chen et al. . Lower limb Decreased
30 Not mentioned DXA 12 kgto 143 .
(2021) [8] ALM ko significantly
. Balance, resistance training, BCAA Quadriceps Mean 36.3
Briggs et al. i i . P Increased
17 intake for 60 minutes 3 times/week for 12 mass of MRI 3 cm* to 30.2 ]
(2018) [11] significantly
weeks. fractured leg em
D'Adamo et No
. Mean 38 kg o
al. (2014) 155 Not mentioned FFM DXA 2 statistical
to 36.7 kg ;
[6] analysis
Resistance, balance training for at least Mean 39.7
Control: 44  three times/week for 12 weeks without a kg to 40.5
i No
Binder et al. SUDSRST kg
(2004) [5] FFM DXA 6 statistical
Median 1
Intervention: analysis
46 Same protocol with a supervisor 41.Tkgto
42.9kg
Median No
Fox et al. i L
205 Not mentioned FFM DXA 12 39.3kgto statistical
(2000) [12] )
37kg analysis
No
Visser et al. ) ALM of non- Median4.9
a0 Physical therapy for 12 months DXA 12 significant
(2000) [13] fractured leg kg to 5 kg ;
difference
Median No
Control: 10 Not mentioned 42.1kgto significant
Nicholson et 41.9kg difference
al. (1997) FFM BIA 1.5
(o] Median No
Intervention: A supervised seated exercise for 50 o
) ) 449kgto significant
20 minutes, 24 sessions

45.7 kg difference

TABLE 4: Summary of the literature examining muscle mass changes in patients who had femoral
neck fractures and underwent postoperative rehabilitation

SMI: Skeletal muscle mass index, ALM: Appendicular lean mass, FFM: Fat-free mass, ADL: Activities of daily living, BCAA: Branched-chain amino acid,
BIA: Bioelectrical impedance analysis, DXA: Dual-energy X-ray absorptiometry, MRI: Magnetic resonance imaging.

In the current study, anthropometric measurements at one and six weeks postoperatively were compared.
The results showed an increase in lower limbs' skeletal muscle mass and a decrease in upper limbs' skeletal
muscle mass and body weight. Total skeletal muscle mass and fat mass remained unchanged. In a study that
reported an increase in skeletal muscle mass using bioelectrical impedance analysis as a measurement
method, skeletal muscle index was compared between admission and discharge in 368 patients with hip
fractures aged 80 years or older who were transferred to a rehabilitation hospital after surgery, where they
underwent 1-3 hours of rehabilitation per day [9]. The authors reported an increase in skeletal muscle index

from 5.0 l(g/m2 at admission and 5.2 l,:g/rn2 at discharge [9]. They concluded that it takes about 15 hours of
exercise a week for 70 days to achieve these results [9]. In the current study, we observed an increase in
lower limb skeletal muscle mass with a much shorter program of 14-21 hours of exercise per week for 42
days in a sample of patients in a similar age group. This result was considered to indicate the success of our
program, as described above. In addition, total skeletal muscle mass did not change in this study, which we
considered to be caused by a decrease in upper limbs and trunk skeletal muscle mass. It is possible that the
amount of training for the upper limbs and trunk was less than the amount of training for the lower limbs in
our hospital. Therefore, we aim to further increase the amount of skeletal muscle mass throughout the body
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by increasing the amount of training in the future.

In the current study, muscle strength was then evaluated in terms of grip strength of the dominant hand and
knee extension muscle strength on the healthy and affected sides. Grip strength was maintained and knee
extensor strength was increased on the healthy and affected sides.

According to a previous report [24], starting 3-4 weeks after surgery, lower limbs resistance training for three
days per week for 12 weeks increased knee extensor strength from 65N + 17 to 78 N £ 13 (p = 0.011) on the
healthy side and 41 N + 15 to 66 N £ 11 (p = 0.006) on the affected side. Our results suggest that although the
training was shorter (six weeks), the concentrated training for 5-7 days per week was able to increase muscle
strength on both sides with equal or greater effectiveness.

Finally, the ability to perform ADL and walking ability were assessed in this study. All patients exhibited
improved motor FIM scores at discharge, 66 days (IQR, 51-91) after surgery, compared with those at the time
of injury or one week postoperatively. However, only 52.9% of patients exhibited recovery of walking ability
that was equal to or better than that before the injury. In a study in which patients with hip fractures aged
70 years or older were followed up for three months after surgery, 59.1% of patients reported that their ADL
was lower than before the injury [25]. Furthermore, in a study that investigated mobility disability among
184 patients who were independent regarding ADLs before hip fracture injury, 51.5% had a disability at three
months and 42.9% at six months [2]. Although these studies have shown that the ability to perform ADL and
mobility improve over time, the problem remains that approximately half of the patients after hip fractures
remain impaired in ADL. Despite the short duration of our study compared with these studies, the rate of
improvement in walking ability was equal or greater. Therefore, we considered that our results may have
been better than those reported in previous studies in terms of long-term ADL improvement rates.

Our study had several limitations that should be considered. First, the number of patients was small. In the
current study, we recruited 35 cases, but only approximately half of these (17 cases) were followed up for six
weeks. Of the 18 patients, two were discharged, 14 were transferred to another rehabilitation hospital, and
two dropped out due to worsening general conditions. Future research will need to increase the number of
cases. In addition, it is important to consider how each surgical method, cognitive function, and nutritional
status contributed. Second, the BIA measurements we used may have been inaccurate. Although it has been
reported that BIA results are influenced by body water content, body water content was not measured in the
current study. Increased muscle glycogen levels after exercise also led to increased body water content,
which may have influenced the results of bioelectrical impedance analysis [26]. In the future, it will be
necessary to simultaneously measure body water content. Third, the research period is short. In this study,
body composition, grip strength, and lower limb muscle strength were measured six weeks after surgery. At
our hospital, we set this period based on the fact that many patients are discharged from the hospital
approximately 42 days after surgery. However, some past reports have shown that muscle hypertrophy
occurs after six to seven weeks [27,28]. Therefore, future research should extend the intervention period
further. Patients’ nutritional status was not assessed. We did not assess whether caloric intake was sufficient
for the amount of exercise. In the future, it will be necessary to calculate the amount of energy required for
each patient and measure the amount of food consumed. However, a major strength of this study is that, to
our knowledge, it is the first report to demonstrate a postoperative rehabilitation program that increased
lower limbs skeletal muscle mass without decrease in total skeletal muscle mass. At the same time, the
observed improvements in muscle strength, the ability to perform ADL, and walking ability in the current
study showed that our postoperative rehabilitation program was effective for some aspects of recovery in a
relatively short period of time.

Conclusions

We reported a detailed rehabilitation program for hip fracture patients, featuring early ambulation training
and muscle strengthening exercises combined with neuromuscular electrical stimulation. Our rehabilitation
program for hip fracture patients led to increased skeletal muscle mass of the lower limbs at six weeks
postoperatively.
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