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Abstract

Frailty has emerged as a critical determinant of clinical outcomes in elderly patients, shaping
postoperative recovery in crucial orthopedic events, such as hip fractures. The purpose of
the present study is to examine the impact of frailty syndrome on muscle strength and joint
range of motion in the non-fractured lower extremity and upper extremities of hospitalized
older adults following hip fracture surgery. The sample consisted of 60 elderly patients
recovering from either intracapsular or extracapsular hip fractures. Participants were
categorized into either a frail or non-frail group, determined by the Clinical Frailty Scale.
The outcome measures of muscle strength and range of motion of the upper and lower
extremities were assessed by valid instruments, including a hand-held dynamometer, the
Medical Research Council scale, and a digital goniometer. Statistical comparisons between
groups were conducted using the independent samples ¢-test and the Mann-Whitney U test.
The results showed that the non-frail group demonstrated greater active range of motion in
the shoulder bilaterally (right: t = —2.85, left: U = 628.00, p < 0.05), elbow flexion bilaterally
(right: U = 589.50, left: U = 592.50, p < 0.05), hip flexion (U =679.50, p < 0.01), knee
extension (t = —3.07, p < 0.05), and ankle dorsiflexion (t = —2.36, p < 0.05). Regarding the
muscle strength, the non-frail group showed significantly higher grip strength bilaterally
(right: U = 754.50, left: U = 713.50, p < 0.001), as well as greater strength in hip flexion
(U =641.00, p < 0.01) and ankle dorsiflexion (U = 619.50, p < 0.01). Frailty may negatively
influence the muscle strength and joint mobility in non-fractured extremities, thereby
hindering postoperative physical recovery in older adults with hip fractures. Further
research involving a larger and more homogeneous sample may predict falls in elderly
patients after hip or knee surgery using the Clinical Frailty Scale.
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1. Introduction

Frailty has been described as a dynamic condition resulting from an imbalance between
an individual’s available internal resources and their physiological deficits [1]. Closely as-
sociated with the aging process, frailty typically manifests through functional deterioration
across several physiological domains in older adults [2]. Among frail individuals, such
deficits may be reflected in the inability to act upon one’s intentions, to perform self-care
independently, to remain socially engaged, and to walk safely without risk of falling [3].
Frailty is indicative of declining physiological resilience, most notably expressed through
generalized muscle weakness. This observed physical decline is attributed to a loss of
muscle mass and strength, fundamental indicators of the progressive biological changes
associated with aging [4].

The frailty syndrome contributes to a higher risk of severe functional deficits that
are not typically anticipated with the physiological aging process. Specifically, frailty has
been directly associated with an increased risk of hip fractures [5], with the average age of
affected individuals being around 80 years old [6]. Frailty may further impact the clinical
progression of vulnerable patients [7] by prolonging the hospitalization duration in severely
frail patients following a hip fracture [8,9]. Consequently, an extended hospital stay may
exacerbate the frailty status of the patients, further resulting in a progressively declining
clinical state [10]. Ultimately, not only does frailty serve as a strong predictor of hip fracture
occurrence, but it also influences the postoperative recovery [11].

Although frailty has been recognized as a major risk factor for fractures among older
adults [12], there is limited research regarding its role in the postoperative recovery of all
four limbs in hip fracture patients. Muscle strength is identified as a key musculoskeletal
parameter affected by frailty [13], with studies reporting a direct association between frailty
severity and limb strength [14]. Joint range of motion may also be influenced by frailty [15],
with few studies, however, specifically examining this variable in frail populations [16]. The
strength and mobility of the non-injured limbs are reported to be contributing heavily to
the successful rehabilitation of hip fracture patients [17]. Nevertheless, most studies focus
on the evaluation and management of the fractured limb. Since frailty has been shown
to hinder the functional recovery of the fractured limb [8], understanding its potential
impact on the non-fractured limbs is equally important, as they may contribute to com-
pensatory mechanisms during postoperative rehabilitation. Previous studies managed to
examine either the muscle strength or range of motion in frail patients, with few, however,
simultaneously assessing both parameters in relation to frailty status [15,16]. Moreover,
these studies were conducted, in general, on older populations and did not specifically
target post-hip fracture patients. There is a notable lack of literature that simultaneously
examines the variables of frailty, muscle strength, and joint range of motion in this specific
clinical population.

Therefore, the present study aimed to examine the impact of frailty on muscle strength
and active joint range of motion in both upper extremities and the non-fractured lower limb
of hospitalized patients with hip fractures. The findings of this study may contribute to the
advancement of knowledge among physiotherapists and other healthcare professionals
involved in the rehabilitation of frail older patients with hip fractures. The research
hypothesis was that frailty would negatively affect the muscle strength and joint range of
motion in the upper limbs and the non-fractured lower limb among hospitalized patients
with hip fractures.

2. Materials and Methods

This study was conducted in accordance with the Declaration of Helsinki. The study
was approved by (a) the Ethics and Deontology Committee of the University of the Pelopon-
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nese (protocol number 12021/05-15-2025), (b) the Scientific Council of the General Hospital
of Athens “Evangelismos” (protocol number 151/04-03-2025), and (c) the Scientific Council
of the General Hospital “Asklepeion Voulas” (protocol number 6390/17-4-2025).

In the beginning, participants were given a consent form, which was the only docu-
ment in which their personal data was recorded. This form was completed after participants
were informed about the procedure that would follow and was necessary for their partici-
pation and publication of the present study. The participants’ right to refuse to participate
or withdraw from the study at any time was guaranteed. There were no risks of accident or
other serious harm to the subjects participating in this study.

2.1. Participants

An a priori power analysis was conducted using G*Power version 3.1.9.7, which
showed that at least 21 participants in each group would be needed in an independent
samples t-test with an 80% power for detecting a large effect and a significance criterion
of o = 0.05. Thus, 60 elderly people (31 women and 29 men) with an average age of
82 + 6 years old were recruited from the inpatient orthopedic clinics of Athens General
Hospital Evangelismos and General Hospital Asklepeion Voulas from April until June 2025.
All patients received the same standardized postoperative physiotherapy program from
the same physiotherapist, commencing on the first postoperative day and continuing until
discharge. The protocol included early mobilization, progressive lower-limb strengthening
exercises, and guided initiation of ambulation. As rehabilitation exposure was consistent
across the study sample, any potential influence on the functional outcomes was minimized.

The inclusion criteria of the sample were as follows: (a) aged 65 to 95; (b) men and
women; (c) diagnosed with a hip fracture (intertrochanteric, subtrochanteric, subcapital, or
femoral neck fracture); (d) surgically treated; (e) good verbal and written communication
and ability to follow instructions; (f) participation in post-surgical physiotherapy treatment
during hospital stay; and (g) willingness to participate in the study.

The exclusion criteria were as follows: (a) periprosthetic hip fracture, (b) osteoporotic
hip fracture, (c) stress fracture of the hip, (d) pathological hip fracture (e.g., malignancy),
(e) scheduled hip surgery for any other reason, (f) sarcopenia diagnosis, (g) any prosthesis
on the non-fractured leg, (h) any upper limb injury along with the hip fracture, (i) post-
surgical delirium, or any other serious disorder that could prevent the measurements.

2.2. Instruments
2.2.1. Clinical Frailty Scale [3,18]

The Clinical Frailty Scale evaluates the overall physical status of an individual up
to two weeks prior to hospital admission through an interview and clinical review. It
is applied only to individuals aged 65 years or older [3]. Using the scale, the clinician
assesses comorbidities, functional status, and cognitive ability to calculate an overall score
summarizing the individual’s level of frailty. The Clinical Frailty Scale is a judgment-
based tool administered by a physiotherapist or another trained healthcare professional.
The clinician assigns a score based on information collected from the patient and their
caregivers, the patient’s medical history, and the clinician’s experience in managing geriatric
patients [3]. The current version of the Clinical Frailty Scale has 9 grades, which evaluate
the presence of frailty after interviewing the individual. A score of 1-3 indicates that the
individual is not frail, and a score of 4-9 indicates the individual is frail. The levels are:

Level 1—Very Fit: People who are robust, active, energetic, and motivated. They
exercise regularly and are among the most fit for their age.

Level 2—Well: People without active disease symptoms but less fit than Level 1. Often
engage in occasional or seasonal physical activity.
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Level 3—Managing Well: Individuals with well-controlled medical problems. May
have occasional symptoms but generally manage daily activities independently.

Level 4—Living with Very Mild Frailty: Although independent, symptoms of fatigue
may limit activity. Individuals may notice slowing down or mild difficulties but do not
require regular help.

Level 5—Living with Mild Frailty: Individuals are noticeably slower, require help
with more complex daily tasks (e.g., shopping, meal preparation, medication management),
but remain mostly independent for basic activities.

Level 6—Living with Moderate Frailty: Individuals need assistance for both complex and
some basic activities of daily living, including household tasks and mobility within the home.

Level 7—Living with Severe Frailty: Individuals are completely dependent on others
for personal care. Some mobility may remain, but they are at risk for progressive decline.

Level 8—Very Severely Frail: Individuals are fully dependent and approaching the
end of life. Recovery from minor illness is unlikely.

Level 9—Terminally IlI: Individuals have a life expectancy of less than six months due to
a terminal condition. Some may retain mobility but are otherwise classified as terminally ill.

The Clinical Frailty Scale does not include a fixed set of questions. Instead, clini-
cians use collected information and their clinical judgment to assign a score. Information
is typically gathered by asking questions such as ‘How active are you?’, ‘Do you need
help with daily activities?” However, these are not standardized questions of the scale
itself. The final score is determined by matching the patient’s overall profile to the de-
scription of each Clinical Frailty Scale level. The Clinical Frailty Scale has good inter-rater
(0.87,95% CI: 0.82-0.90) and test—retest reliability (0.89, 95% CI: 0.85-0.92) [18]. It has been
cross-culturally validated in the Greek population by Vrettos et al. [18].

2.2.2. Upper Extremity Muscle Strength

The analog hand dynamometer is a tool for measuring upper extremity muscle
strength that has a very good reliability index (ICC = 0.92) for hand grip strength as-
sessments in clinical practice [19]. In the present study, the analog hand dynamometer was
used to assess the hand grip strength of both upper extremities. The dimensions of the
dynamometer (Gima S.p.A., 20060 Gessate (MI), Italy, Model 28790 HAND GRIP METER)
are 200 mm x 150 mm; it weighs 123 g and is manually operated (Figure 1).

Figure 1. Hand dynamometer. Gima S.p.A., 20060 Gessate (MI), Italy, Model 28790 HAND GRIP METER.
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2.2.3. Lower Extremity Muscle Strength

The Medical Research Council (MRC) is a manual muscle testing scale that assesses
muscle strength in specific muscle groups. The six muscle groups assessed are the abductors
of the humerus (shoulder abduction), flexors of the forearm (elbow flexion), extensors of
the wrist (wrist extension), hip flexors (hip flexion), knee extensors (knee extension), and
dorsiflexors of the ankle (ankle dorsiflexion) [20,21]. In this study, the MRC was used to
assess the strength of hip flexors, knee extensors, and ankle dorsiflexors of the non-fractured
lower extremity. The score ranges from 0 to 5, depending on the individual’s ability: 0 = no
muscle function (complete absence of visible or palpable contraction), 1 = trace function
(a slight contraction of the muscle or tendon can be seen or felt), 2 = poor function (the
muscle can perform movement within its normal range only when gravity is eliminated),
3 = fair function (the muscle can perform the full range of movement against gravity but
cannot overcome any added resistance), 4 = good function, and 5 = normal muscle strength.
Grade 4 represents true muscle weakness: the muscle can move through the full range
against gravity and resist some additional force without “collapsing” under resistance. It is
assigned when the muscle fails to maintain its position under maximal resistance at the end
of the range of motion. Grade 5 is assigned when the muscle can perform the full range
of motion against gravity and withstand maximal resistance throughout the movement.
Alternatively, a grade of 5 is given when the examiner cannot overcome the subject’s hold
during the “break test” [20-22]. In the “break test,” resistance is applied by the examiner’s
hands to a distal region or the extremity of the tested limb after the full range of motion of
the proximal joint has been completed, either actively by the subject or passively. The tested
limb is held in a fixed position, which the subject attempts to maintain throughout the test.
The examiner’s hands apply force in line with the muscle fibers of the targeted muscle
group. During the test, the examiner instructs the subject to “hold the limb steady” or “do
not allow the examiner to overcome your resistance.” The examiner then applies increasing
resistance with the goal of causing the tested limb to “move” from its fixed position [20].

Each patient was assessed in Fowler’s position while in bed. To evaluate the ankle
dorsiflexors, the patient was asked to bring the lower limb into full extension and then
instructed to “pull your toes toward you.” If the patient could actively perform this move-
ment, they were assigned grade 3 for the ankle dorsiflexors. Next, the examiner applied
moderate resistance in the direction of plantar flexion. If the patient could maintain dor-
siflexion against this resistance, grade 4 was assigned; if not, grade 3 was retained. If the
patient maintained the position against moderate resistance, the examiner then applied
maximal resistance. If the patient could still maintain the dorsiflexion, grade 5 was recorded;
otherwise, grade 4 was assigned. The same grading procedure was applied to the other
two muscle groups. For knee extensors, the examiner supported the tested leg on a pillow
beneath the posterior distal thigh (just above the popliteal region) so that the lower limb
was suspended at the knee joint. The patient was then asked to actively extend the knee,
after which resistance was applied by the examiner in the direction of knee flexion. For the
hip flexors, the patient was asked to actively flex the hip, and the examiner then applied
resistance in the direction of hip extension. The MRC demonstrates a very good reliability
(ICC = 0.96) [23] and validity index (r = 0.76) [24] for measuring the muscle strength of the
lower extremities in clinical practice.

2.2.4. Upper and Lower Extremities Range of Motion

The digital goniometer is a tool for measuring the active and passive range of motion
of joints in the human body. To our knowledge, the digital goniometer has not been
used so far to assess hospitalized frail patients but has been widely used for upper and
lower extremity measurements in healthy individuals and has a very good reliability index
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ranging from ICC = 0.69-0.97 and a good validity index ranging from r = 0.60-0.87 for
active range of motion assessments of the upper and lower extremities [25-27]. In the
present study, the digital goniometer was used to assess the active range of motion of
shoulder abduction, elbow flexion, and wrist extension of both upper extremities and hip
flexion, knee extension, and ankle dorsiflexion of the non-fractured lower extremity. The
dimensions of the digital goniometer (INSIZE Co., Ltd., 215009, Suzhou New District, China,
Model 2176200 DIGITAL PROTRACTORS) are 300 mm x 35 mm; it weighs 220 g and is
manually operated. It has a digital display of the angle inclination with a 0.1° resolution
and a power on/off and zero button (Figure 2).

Figure 2. Digital goniometer. INSIZE Co., Ltd., 215009, Suzhou New District, China, Model 2176200
DIGITAL PROTRACTORS.

2.3. Procedure

The experimental study was carried out in a hospital setting by a team of physiothera-
pists. Initially, information was given on the purpose, significance, and process of the study,
and all patients completed a signed consent to participate in the study. The 1st author (LS.)
conducted an interview with the patients on the 1st or 2nd postoperative day, in which
(a) clinical characteristics such as injury cause, comorbidities, and walking ability prior to
hip fracture; (b) demographic characteristics such as age and sex; (c) living conditions; and
(d) medical history were collected. Afterwards, the same author proceeded with frailty
assessment using the Clinical Frailty Scale. Depending on their score, each participant was
allocated to either the frail group or the non-frail group. The 2nd author (A.V.) conducted
the outcome measures on the day that the patients were expected to be discharged from
the hospital and was blinded to their group allocation. The measurement procedure was
carried out once and lasted approximately 20 min for each participant.

Active range of motion (AROM) was evaluated by the digital goniometer at suitable
positions [28]. For each measurement, a single trial was performed. For the AROM of
ankle dorsiflexion, the outer hamulus served as the reference point, where the central axis
of rotation of the protractor was positioned. The fixed arm was aligned with the head
of the fibula, while the movable arm (with the digital display) was oriented along the
longitudinal axis of the 5th metatarsal [29]. Measurements began with the foot in a neutral
anatomical position—forming a 90° angle between the foot and the distal tibia [30]—which
represented both the starting position and the zero point on the goniometer. The patient
was then instructed to actively perform dorsal flexion, with verbal cues such as “Point your
toes upward” or “Pull your toes toward you,” accompanied by a visual demonstration of
the movement by the examiner.

For the AROM of knee extension, the patient’s lower extremity was initially positioned
in full extension (without hyperextension). The goniometer was aligned so that its central
axis of rotation was placed approximately at the level of the lateral femoral condyle, with
the fixed arm directed toward the greater trochanter of the femur and the movable arm
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(with the digital display) aligned with the lateral condyle of the fibula, while the lower
extremity remained extended [31,32]. The patient was then instructed to bend the knee as
much as they could. At the end of active knee flexion, the goniometer was reset to zero
(measurement point 0), after which the patient was instructed to extend the leg back to the
starting position. The active range of extension was calculated as the range between the
final position of active flexion and full active extension (without hyperextension).

For the AROM of hip flexion, the patient’s lower extremity was positioned in full
extension (measurement point 0), but without hyperextension. The greater trochanter
served as the reference point, where the central axis of rotation of the goniometer was
positioned. The fixed arm was aligned with the lateral midline of the trunk, while the
movable arm (with the digital display) was aligned with the lateral midline of the thigh [33].
In this position—where the torso and thigh formed an obtuse angle of approximately
120-150° due to Fowler’s position on the bed—the goniometer display was reset to zero.
The patient was then instructed to “bend their leg toward their chest,” actively flexing both
knee and hip. The active range of hip flexion was recorded up to the final point the patient
could actively flex their hip.

For the AROM of wrist extension, the patient rested their upper limb on the bed with
the shoulder relaxed, the elbow slightly flexed, the forearm pronated, and the hand placed
palm-down on the bed. The goniometer was positioned with its central axis of rotation
aligned over the triquetrum, the fixed arm directed along the lateral midline of the ulna,
and the movable arm (with the digital display) aligned with the lateral midline of the 5th
metacarpal [34]. With the limb and goniometer in this position, the device was reset to zero
(measurement point 0). The patient was then instructed to “raise your palm upward as
if they were making a “stop” sign, and the angle was measured for each arm at the final
point of active extension.

For the AROM of elbow flexion, the patient was positioned with the shoulder in
slight abduction, the elbow in full extension, the forearm supinated, and the fingers
extended—i.e., in the anatomical position [35]. The goniometer was aligned with its
central axis of rotation placed over the lateral epicondyle, the fixed arm directed along the
lateral midline of the humerus toward the acromion, and the movable arm (with the digital
display) aligned with the lateral midline of the forearm and parallel to the examination
table [36]. With the arm and goniometer in this position, the device was reset to zero
(measurement point 0). The patient was then instructed to “bend their elbow and bring
their palm toward their shoulder,” and the angle was recorded at the final point of active
elbow flexion for each arm.

For the AROM of shoulder abduction, the patient was instructed to keep the arm in
adduction, resting alongside the body. The goniometer was positioned with its central axis
of rotation aligned over the acromioclavicular joint, the fixed arm parallel to the midline of
the sternum, and the movable arm (with the digital display) aligned along the inner side of
the upper arm [37]. With the arm and goniometer in this position, the device was reset to
zero (measurement point 0). The patient was then instructed to “raise arm out to the side
as high as possible while keeping the elbow straight,” and the angle was recorded at the
final point of active shoulder abduction.

Muscle strength of the non-fractured lower extremity was evaluated by the MRC
procedure [21,22] in suitable positions previously described in AROM measurements and
with the “break test” method. In the “break test” method, manual resistance is applied by
the examiner to the distal part of the limb after the joint’s full range of motion has been
completed, either actively or passively. The limb is held in a fixed position, which the
participant attempts to maintain as the examiner applies resistance along the line of the
muscle fibers. The participant is instructed to keep the limb steady while the examiner
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attempts to ‘break’ this position using manual force [20]. Muscle strength of hip flexion,
knee extension, and ankle dorsiflexion were recorded for the non-fractured lower extremity.

Hand grip strength was evaluated for each upper extremity by the manual hand grip
meter in accordance with the guidelines of Fess, Moran, and the American Society of Hand
Therapists [38]. Each participant performed three consecutive grasps with their greatest
muscle power, holding the grip for approximately 3 s. Afterwards, the average of these
measures was recorded for each upper limb [38—40].

2.4. Statistical Analysis

Descriptive statistics, including mean and standard deviation, were calculated for the
assessments of the study. A normality test of the distribution of all variables was performed
using the Kolmogorov—Smirnov (sample size > 50). For the variables that followed a
normal distribution, an independent samples t-test was performed, and for those that did
not follow a normal distribution, a Mann-Whitney U test was performed to examine the
differences between the two groups on patients” discharge day. We calculated the effect
size r in Mann-Whitney U tests via r = z//N (z: z value; N: observation number). In
particular, we divided the z value by the square root of the observation number to achieve
the effect size. The effect size r, which is less than 0.3, means a small effect. The effect size r
between 0.3 and 0.5 means a medium effect, and greater than 0.5 means a large effect. We
also calculated the effect size d in the independent samples t-test via d = (my — mg)/o
(ma, mp: means of the frail group and the non-frail group, o: within-population standard
deviation) [41]. Data analysis was performed using the Statistical Package for the Social
Sciences (SPSS 29.00) with a statistical significance level of « = 0.05.

3. Results
3.1. Demographic and Clinical Characteristics

Table 1 shows the descriptives and differences between the frail and non-frail groups
on participants” demographic and clinical characteristics. There were no adverse events
during the measurement session. Among participants in both groups, none withdrew
from the study. All the demographic and clinical characteristics followed non-normal
distribution except the age; thus, we performed a ¢-test only for age and a Mann-Whitney
U for all the other characteristics.

Table 1. Descriptives and differences in demographic and clinical characteristics per group.

Variables Fr?;lf;((;)up Non-(l:lrilégroup Mann-Whitney U t-Test p Effect Size r
Age, years, Mean (Standard Deviation) 84.43 (5.09) 80.03 (7.14) - 2.74 0.00 0.72
Women, number (%) 15 (50) 16 (53.3) 465.00 0.79 0.02
Living Conditions
Alone, number (%) 9 (30) 5(16.5) 390.00 0.22 0.11
At least 1 companion, number (%) 21 (70) 25 (83.3) 510.00 0.22 0.11
Comorbidities
None, number (%) 0 2(6.7) 480.00 0.15 0.05
Cardiovascular disease, number (%) 25 (83.3) 24 (80) 435.00 0.74 0.02
Hypertension, number (%) 27 (90) 16 (53.3) 300.00 0.00 0.28
Respiratory disease, number (%) 5(16.5) 4(13.3) 435.00 0.72 0.02
Neurodegenerative disease, number (%) 0 1(3.3) 465.00 0.31 0.02
Dementia, number (%) 6 (20) 0 360.00 0.01 0.17
Diabetes, number (%) 12 (40) 6 (20) 360.00 0.09 0.17
Incontinence, number (%) 2(6.7) 0 420.00 0.15 0.05
Thyroid disease, number (%) 3 (10) 5(16.5) 480.00 0.45 0.05
Autoimmune disease, number (%) 1(3.3) 2(6.7) 465.00 0.55 0.02
Osteoarthritis, number (%) 11 (36.7) 6 (20) 375.00 0.15 0.14
Osteopenia, number (%) 2(6.7) 4(13.3) 480.00 0.39 0.05
Depression, number (%) 4 (13.3) 3(10) 435.00 0.69 0.02




Appl. Sci. 2025, 15, 12602

9o0f 16

Table 1. Cont.
Variables Fr?:llf?,rg)up Non-(l:lrilégroup Mann-Whitney U t-Test P Effect Size r
Walking ability
Indoors only, number (%) 10 (33.3) 0 300.00 <0.001 0.28
Indoors and outdoors, number (%) 20 (66.7) 30 (100) 600.00 <0.001 0.28
Indoor walking aid
Without aid, number (%) 15 (50) 30 (100) 675.00 <0.001 0.43
Cane, number (%) 13 (43.3) 0 255.00 <0.001 0.37
Walker, number (%) 2(6.7) 0 420.00 0.154 0.05
Injury cause
Fall on the same level (fainting, acute 3 (10) 0 405.00 0.078 0.08
muscle weakness), number (%)
Fall from the bed, number (%) 2(6.7) 3 (10) 465.00 0.64 0.02
Fall from the stairs, number (%) 1(3.3) 2(6.7) 465.00 0.55 0.02
Slip/trip on the floor, number (%) 22 (73.3) 14 (46.7) 330.00 0.03 0.22
Cannot recall, number (%) 2(6.7) 0 420.00 0.15 0.05
Outdoor fall, number (%) 0 11 (36.7) 615.00 <0.001 0.31

3.2. Clinical Frailty Scale Results

The Clinical Frailty Scale (CFS) results per group appear in Table 2. In particular,
Table 2 presents the results of the assessment using CFS between the two groups. The
results of the CFS followed a non-normal distribution; thus, the Mann-Whitney U test was
performed between the frail and non-frail groups. Among the frail participants, most of
them lived with moderate frailty (40% of the frail group), while the majority of the non-frail
participants were classified as “managing well” (73.3% of the non-frail group). Also, more
than half of the frail participants (53.4%) are found to live with mild and severe frailty.

Table 2. Clinical Frailty Scale results per group.

Variable Fr?;lf;(()))up Non-(l:lrilggroup Mann-Whitney U p Effect Size r
Clinical Frailty Scale, number (%)
Fit, number (%) 0 8(26.7) 570.00 0.00 0.22
Managing well, number (%) 0 22 (73.3) 780.00 <0.001 0.62
Living with very mild frailty, number (%) 2(6.7) 0 420.00 0.15 0.05
Living with mild frailty, number (%) 8(26.7) 0 330.00 0.00 0.22
Living with moderate frailty, number (%) 12 (40) 0 270.00 <0.001 0.34
Living with severe frailty, number (%) 8 (26.7) 0 330.00 0.00 0.22

3.3. Active Range of Motion and Muscle Strength

The measurements of the (a) right shoulder abduction active range of motion (AROM),
(b) right wrist extension AROM, (c) knee extension AROM, and (d) ankle dorsiflexion
AROM were normally distributed. Therefore, an independent samples t-test was used to
investigate the differences between the measurements of the two groups (Table 3).

Table 3. Independent samples t-test between the two groups in the active range of motion (means
and standard deviations).

Frail Group (n = 30) Non-Frail Group (1 = 30)

Variable (Mean =+ Standard Deviation) = (Mean £ Standard Deviation) t-Test df P Effect Size d
Right shoulder abduction AROM 110.68 4 32.53 132.6 £26.73 —2.85 58  0.01 0.75
Right wrist extension AROM 58.46 + 11.54 62.79 + 12.11 —1.42 58 0.16 0.37
Knee extension AROM 98.17 £ 17.47 110.80 + 14.27 —3.07 58  0.01 0.80
Ankle dorsiflexion AROM 17.13 £ 4.75 20 £4.65 —2.36 58  0.02 0.62

Apart from the right wrist extension AROM, all variables differed significantly be-
tween the two groups. In particular, the results revealed statistically significant differences
in (a) shoulder abduction AROM in the right upper extremity (p = 0.01, r = 0.75), (b) knee
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extension AROM in the non-fractured lower extremity (p = 0.01, r = 0.80), and (c) ankle
dorsiflexion AROM in the non-fractured lower extremity (p = 0.02, r = 0.62).

The measurements of (a) left shoulder abduction AROM, (b) right and left elbow
flexion AROM, (c) left wrist extension AROM, (d) hip flexion AROM, (e) right and left
handgrip test, (f) hip flexion, knee extension, and ankle dorsiflexion strength, and (g) length
of hospital stay were not normally distributed. Therefore, the Mann-Whitney U test was
used to investigate the differences between the measurements of the two groups (Table 4).

Table 4. Mann-Whitney U between the two groups in range of motion and muscle strength (mean rank).

Variable Frail Group (n = 30) Non-Frail Group (n =30) Mann-Whitney U p Effect Size r
Mean Rank Mean Rank U
Left shoulder abduction AROM 24.57 36.43 628.00 0.008 0.33
Right elbow flexion AROM 25.85 35.15 589.50 0.039 0.26
Left elbow flexion AROM 25.75 35.25 592.50 0.035 0.27
Left wrist extension AROM 26.18 34.82 579.50 0.055 0.24
Hip flexion AROM 22.85 38.15 679.50 <0.001 0.43
Right-hand grip strength 20.35 40.65 754.50 <0.001 0.58
Left-hand grip strength 21.72 39.28 713.50 <0.001 0.50
Hip flexion MRC 24.13 36.87 641.00 0.002 0.36
Knee extension MRC 28.47 32.53 511.00 0.243 0.11
Ankle dorsiflexion MRC 24.85 36.15 619.50 0.002 0.32
Length of hospital stay (days) 42.77 18.23 82.00 <0.001 0.70

Apart from the left wrist extension AROM and knee extension muscle strength, all
variables differed significantly between the two groups. In particular, the results revealed:
statistically significant differences in (a) shoulder abduction AROM in the left upper
extremity (p < 0.05, r = 0.33), (b) elbow flexion AROM in both right (p < 0.05, r = 0.26) and
left upper extremity (p < 0.05, r = 0.27), (c) hip flexion AROM in the non-fractured lower
extremity (p < 0.01, r = 0.43), (d) hand grip strength in both right (p < 0.001, r < 0.58) and
left upper extremity (p < 0.001, r < 0.50), (e) hip flexion muscle strength (p < 0.01, r = 0.36),
(f) ankle dorsiflexion muscle strength (p < 0.01, r = 0.32) and in (g) total length of hospital
stay (p < 0.001, r = 0.70).

4. Discussion
4.1. Comparison of Muscle Strength Between Frail and Non-Frail Patients

The present study was designed to investigate the effectiveness of frailty on mus-
cle strength and range of motion in the non-injured limbs of hospitalized patients with
hip fractures. The results showed that frailty can negatively affect muscle strength in
elderly patients. This may be partly attributed to age-related reductions in neuromuscular
performance, which can limit the body’s ability to generate sufficient muscle force [42].
Beyond age-related influences, frailty-specific mechanisms may play a more decisive role.
Frailty-related factors such as mitochondrial dysfunction and rapid depletion of cellular
energy reserves have been reported to contribute to the progressive decline in lower limb
strength [43]. Such physiological dysfunctions reduce muscle quality and accelerate phys-
ical decline [43]. Reid et al. [44] suggest that early declines in the muscle performance
of knee extensors may stem from initial neuromuscular impairments that precede any
musculoskeletal changes. The effect of frailty in lower extremities is further supported by
a previous study, which reported a reduction in muscle strength in both knee extensors
and knee flexors among frail elderly [13]. Therefore, progressive deterioration of muscle
function observed with advancing age may be closely linked to frailty itself. Despite a
tendency towards higher values in the non-frail group, statistical analysis did not reveal
a significant difference in knee extensor strength between the two groups. This may be
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due to the limited sample size and the individual variability in neuromuscular function
commonly seen with aging.

Beyond its impact on lower limb function, frailty also appears to impair upper limb
performance, particularly in handgrip strength. The present study found that frail pa-
tients exhibited abnormally low levels of muscle force during grip assessments. Handgrip
strength is widely recognized as a clinical marker of general muscle health and frailty in
older adults [45]. Ko et al. [46] explored the relationship between frailty and grip strength,
identifying a clear association between frailty indicators and reduced muscle strength
among older individuals. This finding aligns with results reported by Doherty et al. [47],
who observed that older patients with higher scores on the Clinical Frailty Scale demon-
strated significantly lower handgrip strength. These results suggest that frailty may act
as a limiting factor in rehabilitation following hip surgery. However, the interpretation
of these findings should consider potential confounding factors commonly present in the
geriatric population, such as reduced cognitive function or prior injuries in the upper
extremities [47,48].

4.2. Comparison of Active Joint Range of Motion Between Frail and Non-Frail Patients

In the present study, joint movements including hip flexion, knee extension, ankle
dorsiflexion, shoulder abduction, elbow flexion, and wrist extension were assessed in both
frail and non-frail hip fracture patients. The frail group demonstrated a reduced range of
motion across all evaluated joints in comparison to their non-frail counterparts. However,
no statistically significant difference was found in wrist extension bilaterally, possibly due
to the limited sample size. The observed stiffness in the assessed joints may arise from age-
related structural and neuromuscular changes that are closely linked to frailty, ultimately
limiting limb mobility [49,50]. In frail individuals, these physiological modifications,
such as decreased flexibility of muscles and tendons or altered coordination between
antagonistic muscle groups, may be further exacerbated, contributing to greater limitations
in musculoskeletal performance [51-53]. The accumulation of such physiological changes
illustrates how aging-associated conditions, including frailty, progressively degrade the
body’s motor function. In a similar previous study, it was reported that frailty may
be associated with reduced limb flexibility, notably identifying specific joint limitations
in passive hip flexion, hip internal rotation, knee flexion, ankle dorsiflexion, shoulder
flexion, and shoulder external rotation [15]. Similarly, Kinnucan et al. [54] evaluated
shoulder external rotation in older patients, as a secondary outcome measure, to further
assess frailty’s influence on shoulder functional capacity in healthy upper limbs. In line
with these findings, the present study expands upon previous evidence by providing a
comprehensive assessment of multiple joint movements in frail or non-frail hip fracture
patients, further supporting the hypothesis that frailty is associated with a widespread
musculoskeletal decline.

4.3. Regarding the Demographic Characteristics

Length of hospital stay was found to be significantly longer in the frail group compared
to the non-frail group. The presence of the syndrome may have led to the deterioration
of the patient’s mobility, thus necessitating extended care [55]. Generally, hospital stay
is viewed as a flexible indicator of general health status, given the multitude of factors
that tend to influence it. Advanced age, discharge destination, and coexisting clinical
conditions represent additional parameters that may affect the duration of the hospital-
ization period [56,57]. Both frailty and comorbidities shape postoperative outcomes in
older adults undergoing surgical treatment for hip fracture [58]. Therefore, accurately
determining the extent of each factor’s effect on hospital stay remains a challenging and
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complex task. Nevertheless, consistent with the present study, Kistler et al. [8] noted that
prolonged hospitalization is common among frail individuals with hip fractures. Similarly,
Chan et al. [59] demonstrated that the degree of frailty, assessed by the Clinical Frailty
Scale, may significantly influence the length of hospital stay in elderly patients with hip
fractures. These findings are also in line with previous studies mentioning frailty as a
primary determinant of prolonged hospital stay length [56].

Additionally, age was found to be higher in the frail group compared to the non-frail
group. Advanced age has been identified as one of the most common risk factors for the
development of frailty [60]. This strong association between advanced age and frailty
can be justified by decreased physical activity, lower body mass index, and malnutrition,
among many other characteristics [60]. Generally, older adults are more susceptible to
functional decline and reduced physiological reserve factors that increase vulnerability
to frailty and, subsequently, contribute to the higher incidence of hip fractures observed
in this population [61-63]. In agreement with the present study, Li et al. [64] reported
that frail hip fracture patients were older than their non-frail counterparts, confirming a
clear association between age and frailty status. Age appears to function as an important
background factor in the development of frailty. However, it is the frailty status itself, rather
than age alone, that more accurately accounts for variations in functional performance
and recovery following hip fracture. These findings highlight the key role of biological
aging in frailty development and fracture risk, emphasizing the importance of early and
comprehensive assessment in older adults.

4.4. Limitations and Recommendations for Future Research

Several limitations must be acknowledged in the present study, as they may influence
both the interpretation of the results and the design of subsequent research efforts. One of
the main limitations is the heterogeneity of the sample. The variability in clinical charac-
teristics, such as comorbidities and pharmacological treatment, limits the generalizability
of the findings to the broader clinical population. Additionally, the evaluation of frailty,
muscle strength, and range of motion relied on one measuring means for each variable,
potentially restricting the accuracy and depth of the assessment. Physical measurements
may have been further influenced by external factors, such as the patients’ subjective fear
of pain or the use of the Fowler’s position during assessment.

Conducting further research with larger sample sizes, including individuals across all
levels of frailty, would greatly enhance the assessment of this multidimensional syndrome.
To better clarify the influence of frailty on limb strength, further investigation is needed
to identify the age-related factors that contribute to the reduction in muscle strength in
lower limbs, focusing on cognitively intact participants while excluding those with acute
limb injuries. More research is required to evaluate joint flexibility in frail populations,
while further investigating why certain joints may remain relatively unaffected would
also be important. Such insights could enhance both the clinical decision-making and the
development of targeted management strategies for this vulnerable population. Imple-
menting multicomponent physiotherapy programs, including aerobic, balance, resistance,
and flexibility exercises, is one effective approach [65]. Among these, aerobic exercise is
considered the most suitable one for the frail population, while balance and resistance
exercises are ideally applied to pre-frail individuals. However, regardless of the patient’s
frailty status, it is recommended that all aforementioned types of exercise be included in the
therapeutic program, aiming to improve overall functionality and quality of life [66]. The
therapeutic value of these exercise types may be further enhanced when combined with
other alternative forms of exercise, such as Wu Qin Xi and Tai Chi [67,68]. Similarly, the
Otago Exercise Program, a multicomponent exercise program combining balance, strength,
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and walking exercises, has been shown to effectively manage frailty in older adults. When
delivered in a group-based, physiotherapist-supervised setting, this program greatly im-
proves physical performance while also promoting confidence, reducing fear of falling,
and enhancing neuromuscular coordination, making it a practical and safe intervention
for the frail geriatric population [69,70]. Future studies should also aim to include a more
homogeneous sample regarding comorbidities to better distinguish the role of frailty in
recovery outcomes among patients undergoing surgical intervention. Long-term follow-up
beyond the acute hospitalization phase is also essential to explore the sustained effects
of frailty on physical function, autonomy, and quality of life in older adults recovering
from hip fractures. Moreover, extended follow-up would allow for the implementation of a
combination of validated tools, both in the assessment and physiotherapeutic management
of this clinical population.

5. Conclusions

The findings suggest that frailty can negatively affect both muscle strength and joint
range of motion across most joints of the non-injured extremities in hip fracture patients.
Furthermore, frailty can increase the duration of hospital stay in the geriatric popula-
tion. Future studies should employ larger and more homogeneous samples while also
incorporating additional reliable measurement tools to further explore and validate the
present results.
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