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Abstract: Background: Sarcopenia is defined as a progressive loss of muscle mass and muscle strength
associated to increased adverse events, such as falls and hip fractures. The aim of this systematic
review is to analyse diagnosis methods of sarcopenia in patients with hip fracture and evaluate
prevention and treatment strategies described in literature. Methods: Three independent authors
performed a systematic review of two electronic medical databases using the following inclusion
criteria: Sarcopenia, hip fractures, diagnosis, treatment, and prevention with a minimum average of
6-months follow-up. Any evidence-level studies reporting clinical data and dealing with sarcopenia
diagnosis, or the treatment and prevention in hip fracture-affected patients, were considered. Results:
A total of 32 articles were found. After the first screening, we selected 19 articles eligible for full-text
reading. Ultimately, following full-text reading, and checking of the reference list, seven articles
were included. Conclusions: Sarcopenia diagnosis is challenging, as no standardized diagnostic and
therapeutic protocols are present. The development of medical management programs is mandatory
for good prevention. To ensure adequate resource provision, care models should be reviewed,
and new welfare policies should be adopted in the future.

Keywords: sarcopenia; hip fracture; diagnosis; treatment; prevention; dual-energy X-ray
absorptiometry; bisphosphonate; β-hydroxy-β-methylbutyrate; exercise intervention

1. Introduction

Sarcopenia-related falls and fractures play an important role in our society due to the increased
average age of the population [1]. Hip fractures are becoming an evolving and more current problem,
as well as one of the most serious medical and social concerns. Hip fractures result in enhanced mortality,
perpetual physical morbidity and reduced activities of daily living (ADL) [2,3], with a decrease of
the quality of life for caregivers and an increased economic impact on society and government
spending [4–6]. Nowadays, the prevention of hip fractures is considered crucial for preserving an
acceptable quality of life in older patients. For these reasons, the role of the muscles trophism and
function is crucial to prevent traumas in older patients [1]. Ageing is inversely related to the mass and
strength of skeletal muscles, and their loss accelerates after 65 years of age, leading to an increased risk
of adverse outcomes [7]. For the last 30 years, a considerable effort has been made to understand the
condition of sarcopenia, and several definitions have been proposed. Sarcopenia was first defined by
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Rosenberg as an age-associated loss of skeletal muscle mass [8], but recently, it has been identified as a
disease, and is included in the ICD-10 code (M62.84) [9]. Several disease descriptions were suggested
during the last 20 years, but substantial operative variances are present concerning definitions, including
nomenclature, the technique of assessment of lean mass, the technique of standardization of lean mass
to body size, cut-points for weakness and cut-points for slowness [10]. One of the most accepted was
described by the EWGSOP (European Working Group on Sarcopenia in Older Persons), updated in
2018 (EWGSOP2), considering sarcopenia as a “progressive loss of muscle mass and muscle strength,
associated to an increased likelihood of adverse events, such as falls, fractures, physical disability and
death” [7]. Several authors investigated the differences in sarcopenia cases, agreeing with EWGSOP1
and EWGSOP2 and noting substantial discordance and limited overlap of the definitions [11,12].
Nevertheless, the EWGSOP2 is crucial suggestion to evaluate a possible condition of sarcopenia by
measuring the muscle strength, muscle mass and physical performance [13]. Aging is related to
variations in body structure and uncontrolled weight loss. The progressive loss of skeletal muscle mass
(SMM) and strength promotes functional and physical disability, leading to poor quality of life [7]. The
body composition changes were reported in several studies [7,14,15]. Cruz-Jentoft et al. [7] showed a
loss of muscle strength in older patients through measurement grip strength with a dynamometer.
Hida et al. [14] demonstrated a greater sarcopenia prevalence and more diminished leg muscle mass in
subjects following a hip fracture than uninjured subjects with the same age. The most efficient technique
to date, dual energy X-ray absorptiometry (DXA), assesses lean mass [16]. Bioelectrical impedance
analysis (BIA), CT, and MRI can be used in selected cases [16]. DXA has several advantages, including
low cost, low irradiation exposure and easy availability and usability. However, the difficulty of
performing this examination in patients with hip fracture or in subjects undergoing recent orthopaedic
surgery, due to post-surgical pain and immobility, the use of machines with non-uniform calibrations
between them and the lack of universally shared protocols, makes DXA not always reliable in the
quantification of MM and in the instrumental diagnosis of sarcopenia [11,17]. No specific drugs have
been approved for the treatment of sarcopenia and the literature lacks evidence [16]. Research activity
is focused on developing new drugs for sarcopenia, although progress has not been straightforward.
Initial interest in selective androgen receptor modulators is related to small phase I and II trials [18,19].
For these reasons, the interest in sarcopenia is rising in orthopaedic surgery, due to the high prevalence
of older patients, especially those suffering for hip fractures [20], and sarcopenia could be considered
as a hip fracture risk factor.

The aim of this systematic review was to analyse diagnosis methods of sarcopenia in patients
with hip fracture and evaluate prevention and treatment strategies described in literature.

2. Experimental Section

2.1. Study Selection

From their date of inception to 19th March 2020, two independent authors (AV and GT)
systematically reviewed the main web-based databases, Science Direct and PubMed, agreeing to the
Preferred Reporting Items for systematic Reviews and Meta-Analyses (PRISMA) recommendations [19].
The research string used was “sarcopenia AND (diagnosis OR treatment OR prevention) AND (femoral
neck fracture OR hip fracture)”. In order to extract the number of patients, mean age at treatment,
sex, type of treatment, follow-up, and year of the study a standard data entry form was used for each
included original manuscript. Three independent reviewers (MA, PV and DZ) performed the quality
evaluation of the studies. Discussing conflicts about data were resolved by consultation with a senior
surgeon (VP).

2.2. Inclusion and Exclusion Criteria

Eligible studies for the present systematic review included sarcopenia diagnosis, treatment and
prevention in hip-fractured patients. The original titles and abstracts examination were selected using
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the following inclusion criteria: Sarcopenia, hip fractures, diagnosis and treatment and prevention
with a minimum average of 6-months follow-up in last 20 years. The exclusion criteria were: Patients’
cohort with no sarcopenia diseases, less than 6 months of symptoms and no human trials. Each residual
duplicate, articles related on other issues or with inadequate technical methodology and available
abstract were ruled out.

2.3. Risk of Bias Assessment

According to the ROBINS-I tool for nonrandomized studies [21], a three-stage assessment of
the studies included risk of bias assessment was performed. The first step involved the design of
the systematic review, the next phase was the assessment of the ordinary bias discovered in these
manuscripts and the final was about the total risk of bias. “Low risk” and “Moderate risk” studies were
considered acceptable for the review. The assessment was separately performed by three authors (MA,
PV and DZ). Any discrepancy was discussed with the senior investigator (VP) for the final decision.
All the authors agreed on the result of every stage of the assessment.

3. Results

3.1. Included Studies

Thirty-two manuscripts were recovered. Twenty-four articles were chosen, following the exclusion
of duplicates. At the end of the first screening, according to the selection criteria previously described,
nine articles were chosen as eligible for full-text reading. Metanalysis or systematic reviews were
eliminated from the study. Finally, after reading the complete articles and examining the reference list,
we chose seven manuscripts comprised of randomized controlled human trials (hRCT), prospective
and retrospective cohort or series studies, according to previously described criteria. A selection and
screening method PRISMA [22] flowchart is provided in Figure 1.
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3.2. The Diagnosis of Sarcopenia in Patients Affected by Hip Fracture

Kramer et al. [23] performed biopsies of vastus lateralis to assess the muscle changes. The sample
was divided in to three groups: Healthy young women (HYW) (18–25 years), healthy older women
(HEW) (>65 years) and older women (>65 years) affected by traumatic hip fracture (FEW). FEW Type 2
fibers (2.609 ± 185 µm2) were noted significantly smaller compared to HEW (3.723 ± 322 µm2; p = 0.03)
and HYW (4.755 ± 335 µm2; p < 0.001).

Hansen et al. [16] compared the Computed Tomography (CT) and dual-energy X-ray
absorptiometry (DXA) efficiency in the assessment of midthigh muscle mass (SMM) and midthigh
cross-sectional area (CSA) respectively, after a hip fracture with 12 months follow-up. The two measures
were significantly linked to baseline (r = 0.86, p < 0.001). Ratios of midthigh fat to lean mass were
comparably related (interclass correlation coefficient = 0.87, p < 0.001). Data of the change from
baseline to follow-up showed a low correlation (interclass correlation coefficient = 0.87, p = 0.019).
The assessment of muscle mass by DXA-derived midthigh slice has been shown to be reasonably
accurate in comparison to a single-slice CT technique in this sample of frail older patients.

Villani et al. [24] evaluated the agreement degree between DXA and bioelectrical impedance
spectroscopy (BIS) associated to corrected arm muscle area (CAMA). No significant changes (p = 0.78)
were found when comparing fat-free mass (FFM) with BIS (FFMBIS) to FFM with DXA (FFMDXA)
mean bias. Nevertheless, when included as an independent covariate, gender demonstrated an
influence on variation in the mean bias over time (p = 0.007). The influence of BMI had no effect on
change in the mean bias (p = 0.19). Similarly, no significant changes in the mean bias were observed
between SMMDXA and SMMCAMA across each assessment time point (p = 0.18). At each assessment
follow-up, both the techniques were observed overestimated SMM and FFM.

3.3. Treatment of Sarcopenia in Patients Affected by Hip Fracture

Flodin et al. [25] evaluated the efficacy of nutritional supplementation on body composition
(BC), handgrip strength (HGS) and health-related quality of life (HRQoL) in 79 hip-fractured patients
(mean age 79 ± 9 years). Patients were divided into a protein and bisphosphonate group (PB) group,
bisphosphonate-only group (BO) and a control group (CG) with 12 months follow-up. All groups
included the CG, received calcium and Vitamin D supplementation. No significant differences in
changes of FFM Index, HGS and HRQoL were detected during the follow-up period between the groups.

Invernizzi et al. [26] assessed the essential amino acid supplementation (AAS) in hip-fractured
patients. Thirty-two patients (sarcopenia-affected = 71.9%) underwent to a 2-month rehabilitative
protocol combined with dietetic counselling. The AA group (16 subjects) had an AAS, while the NAA
group did not receive AAS. According to Janssen criteria, both groups were divided in subgroups:
Sarcopenic (Sac) and non-sarcopenic (No-Sac) patients. At 2 months follow-up, the Sac AA group
(n = 10) obtained better significant results in the Iowa Level of Assistance scale (ILOA) and all the
primary outcomes (p < 0.017) compared to Sac NAA cohort (n = 13). The No-Sac groups had
similar results.

Malafarina et al. [27] investigated the effectiveness of β-hydroxy-β-methylbutyrate (HMB) oral
NS on muscle mass and nutritional markers (BMI, proteins) in patients >65 years with hip fracture.
Fifty-five patients (IG) received standard diet plus HMB NS and 52 patients (CG) received standard
diet only. The authors used the EWGSOP criteria to diagnose sarcopenia and its prevalence among the
entire population was 72%. The sarcopenia diagnostic markers were gait speed (GS), HGS and BC
(assessed with BIA). Positive results were recorded in IG for grip work index (p = 0.188), muscle mass
(MM) (p = 0.031) and appendicular lean mass (aLM) (p = 0.020). GS analysis did not show a significant
difference (p = 0.367).
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3.4. Prevention of Sarcopenia in Patients Affected by Hip Fracture

In a study by Ding-Cheng Chan et al. [28], 110 patients over 50 years of age with high-risk fracture
underwent 3-month exercise interventions. According to different modalities of the exercise, the cohort
were randomly divided into integrated care (IC) group and machine-based low extremities exercise
(LEE) group. The authors observed a gain in limb mass in the entire cohort (1.13%, p < 0.05) with a
significant change in the LEE group (1.13%, p < 0.01). Both groups obtained significant improvement
in muscle strength measured with curl, press and leg extension, grip strength, gait speed, chair stand
test and time up and go test. Improvements were seen in leg curl in the LEE group (29.78%, p = 0.001).

The most important results of the included articles were summarized (Table 1).
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Table 1. Included studies summary. Dual-energy X-ray absorptiometry (DEXA); healthy young women (HYW); healthy elderly women (HEW); elderly women with a
hip fracture (FEW); Dual-energy X-ray absorptiometry (DEXA); BIS (bioletrical impedance spectroscopy); corrected arm muscle area (CAMA); Fat-free mass (FFM)
with BIS (FFMBIS); FFM with DXA (FFMDXA); handgrip strength (HGS) and health-related quality of life (HRQoL); Timed Up and Go test (TUG); Iowa Level of
Assistance scale (ILOA); Mini Nutritional Assessment−Short Form (MNA-SF); Barthel index (BI); Functional Ambulation Categories (FAC).

Author Sample Intervention Outcome Measures Results Limits of the Study

Kramer et al., 2017
15 HYW (age: 20.3 ± 0.4 years),
15 HEW (age: 78.8 ± 1.7 years), and
15 FEW (age: 82.3 ± 1.5 years)

Muscle biopsies and
immunohistochemistry

Muscle fibre type
distribution, myonuclear
and satellite cell content

FEW resulted in atrophy of muscle
fibres Type I and II, associated to a
general deterioration in muscle
fibres Type II size. Atrophy of Type
II muscle fibre in these subjects is
associated to a decrease in
myonuclear content of Type II
muscle fibre.

No measures of muscle
mass and/or strength.
No data about men

Hansen et al., 2007

30 patients over 60 years old with
hip fractures affected in community
living patients (not nursing houses,
no dementia, no terminally ill)

DEXA-derived midthigh
slice has been found to be
reasonably accurate in
comparison with a
single-slice CT technique

Muscle mass and
composition

Superior accessibility and
simplicity of DEXA utilize. DEXA
errors inherent suggest that it
should be used to studying groups
of patients rather than individuals
and in longitudinal trials.

Patients with
non-traumatic neck
hip fracture

Villani et al., 2012 79 Patients with hip fracture, free in
the community. BIS; DEXA FFM and SMM, and

CAMA
BIS demonstrated sufficient
agreement against DXA.

Predictive power
and Repeatability

Flodin et al., 2015
79 patients divided in 3 groups:
Group N (26 patients); Group B
(28 patients); Group C (25 patients)

Group N: 40 g of protein
and 600 kcal combined
with risedronate and
calcium 1 g and vit D
800 IE; Group B: Same of
Group N +
bisphosphonates alone
once weekly
for 12 months; Group C:
Control. All groups
received conventional
rehabilitation

Body composition; HGS;
HRQoL at 0, 6
and 12 months
postoperatively

No considerable variation in
baseline attributes was observed
between the groups. There was a
positive correlation between FFMI
and aLMI, r = 0.92, p < 0.01.

Small number of study
subjects. The use of
different devices of DXA
measurements inflict
uncertainties on the
validity of the results
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Table 1. Cont.

Author Sample Intervention Outcome Measures Results Limits of the Study

Invernizzi et al., 2018
32 patients over 65 years old
divided in two groups: Sarcopenic
and non-sarcopenic.

Physical exercise
rehabilitative programme
and received a dietetic
counselling.
One group was
supplemented with two
sachets of 4 g/day of
essential amino acids.

HGS, TUG, ILOA,
Nutritional assessment,
HRQoL baseline (T0) and
after 2 months of
treatment (T1)

At T1 follow-up, statistically
significant differences in all the
outcomes (p < 0.017) in sarcopenic
patient who received AA
supplementation.

Small size, the use of BIA
to calculate the SMI.

Malafarina et al., 2017 107 patients: Group control (CG),
Group intervention (IG)

CG: standard diet (1500
kcal); IG: CG+oral
nutritional
supplementation (CaHMB
0.7 g/100 mL, 25(OH)D
227 IU/100 mL and 227
mg/100 mL of calcium).
All patients received
Physical therapy

Body composition, HGS,
MNA-SF, BI, FAC

BMI and lean mass were constant
in IG patients, while reduced in the
CG. The vitamin D and proteins
and concentration had improved
more in the IG than in the CG. ADL
recovery of was more frequent in
the IG (68%) than in the CG (59%)
(p = 0.261)

Patients received
physiotherapy 5 days por
week. No follow-up after
discharge. Diagnostic
criteria for sarcopenia.

Chan et al., 2018
110 participants divided in
Integrated group (IG) and Low
extremity group (LEG)

IC: 15 min warm-up
+ Resistance training
(30 min) + Balance
training (10 min) at least
once a week for 12 weeks.
LEG: 12-week machine
based lower extremity
resistance exercise twice
per week (30 min each).
All participants had
received a lecture on
prevention of
osteoporosis, sarcopenia
and fall-related injury

Body composition; Gait
speed (m/s), chair stand
test and timed up-and-go
test. Hip and
L-spine BMD.

Decrease in weight (p < 0.01) and
limb fat (p < 0.001) were noted in IC
group. Im LLE group, Significant
variations were detected in limb
mass (p < 0.01). No variation in the
cohorts regarding change on body
composition. Significant
enhancement in muscle strength in
both the cohorts. After 3 months,
significant improvement for leg
strength but higher gain in LEE on
leg curl performance (p = 0.001).
BMD of L-spine improved but
similar after 3 months.

BMD tests were not
strictly performed on
all participants.
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4. Discussion

4.1. General Considerations and Key Findings

According to the review findings the diagnosis is still a challenge. The lack of an optimal
instrumental tool for diagnosis in hip-fractured patients demonstrates the crucial role of physicians in
these cases. The diagnosis is not instrumental data but the correct analysis of the clinical examination
and patients’ physical status evaluation in association with the results of the tool. At the same time,
the nutritional supplementation and hip fracture prevention exercise program are mandatory to avoid
the variances in body composition after midlife. Therefore, body composition evaluation is a crucial
element for measuring health status in older adults.

The higher incidence of fractures, especially in the spinal column and femoral neck, is attributable
to the condition of osteopenia or osteoporosis. Several authors have debated the correlation of
bone mineral density (BMD) to muscle mass (MM). However, this association is controversial.
Gillette-Guyonnet et al. [29] and Walsh et al. [30] claimed there was no muscle–bone relationship.
On the other hand, Locquet et al. exhaustively explored the correlation between muscle and identified
a subpopulation affected by the reduction in bone and muscle mass [31]. Moreover, Hirschfeld et al.
suggested considering the two condition as a new pathologic disorder, where the subjects affected
should be defined as “osteosarcopenic patients” [32]. The controversial findings should be explained by
the different diagnosis protocols used. In fact, the sarcopenia diagnosis is often challenging, and there is
not an instrumental method or standard algorithm commonly accepted for the evaluation. EWGSOP2
suggests combining clinical tests and instrumental investigations to evaluate the muscle strength,
physical performance and muscle mass [11].

4.2. Sarcopenia Diagnosis in Hip-Fractured Patients

Determining grip strength is easy, inexpensive and routine in clinical practice. The evaluation
requires calibrated handheld dynamometer use under well-definite exam circumstances with
interpretive data from appropriate reference populations [11,33]. On the other hand, the technique
measurements can be influenced by the examiner [33]. Similarly, the chair stand test (also called the
chair rise test), aims to assess the quantity of time that the patient needs to rise five times from a seated
position without using their arms [30]. The Gait Speed test is helpful in the evaluation of physical
performance. The principles are the Short Physical Performance Battery (SPPB), and the Timed-Up
and Go test (TUG), but the results can be influenced by patient compliance. The Gait Speed test is a
rapid, secure and reliable test to assess sarcopenia by EWGSOP2 [11]. The patient walks for 4 m while
the clinical staff records the walking speed using an electronic device or manually with a stopwatch.
A Gait Speed of ≤0.8 m/s is a severe sarcopenia marker [34–36]. The SPPB is a complex test aimed to
analyse gait speed using a balance test and a chair stand test. The highest score is 12 points, and a score
of ≤8 points suggests inadequate physical performance. The TUG test assesses the taken time to rise
from a standard chair, walk 3 m away, turn around, walk back and sit down again. A score of >20 s is
indicative of poor physical performance [37].

Due to the reduced mobility in the hip-fractured patients, and consecutively, to the impossibility
in performing the main tests used to assess the disease, the instrumental tools are important part of
diagnosis, even if they can replace the clinical evaluation.

DXA is a more widely accessible tool to establish MM [38], and can be defined as total body SMM,
as ASM or as muscle cross-sectional area of specific muscle groups [16]. New methods have been
studied, including midthigh muscle measurement by CT or MRI, BIS, psoas muscle measurement with
CT, the detection of specific biomarkers and other tests [16,24,25]. CT and MRI allow for a precise
and detailed study of soft tissues and they offer reliable and universally shared data. On the other
hand, these methods have a high cost and it is difficult to find institutes where it is possible to quickly
perform them. Moreover, CT exposes patients to a high rate of irradiation [16,34]. Hansen et al. [16]
compared SMM estimated by DXA to midthigh muscle CSA, determined by CT, in a group of older
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patients with hip fracture, observing a positive correlation between CT-determined midthigh muscle
CSA and DXA-derived midthigh SMM. The assessment of MM and body composition by DXA-derived
midthigh slice has been shown to be reasonably accurate in comparison to a single-slice CT technique
in this sample of frail older patients [16].

BIS is another technique used to estimate SMM. The measurement is not a direct evaluation of
MM, but an estimation on the whole-body electrical conductivity, through conversion equations [37].
BIS needs highly trained personnel, and the institutes where it can be performed are very difficult
to find. Villani et al. [24] compared BIS associated to CAMA and DXA, noting BIS were reliable,
but the difficulties in carrying out the examination and in the use of conversion equations led to
DXA as the preferred reference technique. Muscle mass evaluation is not the only parameter that
can be associated to sarcopenia. A low muscle quality is considered as one of the diagnosis criteria
by EWGSOP [11]. Muscle quality is one of the main determinants of muscle function, depending on
different factors (fibre composition, architecture, metabolism, intermuscular adipose tissue, fibrosis,
motor unit activation) [39]. In particular, the decline of type II muscle fibres (II-MF) is responsible for
muscle mass reduction [40].

Kramer et al. [22] performed vastus lateralis biopsies in different groups, confirming a significant
II-MF atrophy in older women with hip fractures when compared to healthy older or young women.
Since muscle atrophy is associated to loss of function, the author suggested that II-MF atrophy could
lead to a higher risk of falls and consequent fractures. This study has some limits. There was no
measure of strength and the sample was exclusively female, but the findings could be relevant to treat
sarcopenia and to understand the II-MF atrophy causes. The histological diagnosis of sarcopenia could
be a valuable way to understand physiopathology of sarcopenia in patients with hip fractures, even if
it is not obviously suitable for routine diagnosis.

4.3. Sarcopenia Treatment in Hip-Fractured Patients

The treatment of sarcopenia in patients affected by hip fractures is a multidisciplinary challenge and,
according to our findings, great attention should be given to nutritional status. Malnutrition is a highly
prevalent condition in the geriatric population affected by this fracture [27]. Therefore, oral nutritional
supplementation (ONS), in addition to rehabilitation programs, has become the subject of debate
between different authors. Flodin et al. [25] investigated the effects of protein-rich supplementation and
bisphosphonate on body composition, handgrip strength and quality of life in patients with hip fracture
at 12-months follow-up. In a group, the combination of bisphosphonates and protein supplementation
had no significant effects on handgrip strength (HGS), body composition and health-related quality of
life (HRQoL). In another group, a positive effect of protein-rich supplementation and bisphosphonates
on HGS and HRQoL was demonstrated.

Malafarina et al. [27] showed good results using oral nutritional supplementation with
β-hydroxy-β-methylbutyrate (HMB). This approach improves MM, function and general nutritional
status in hip-fractured patients [27]. HMB, a metabolite of leucine, has beneficial effect on MM and
function in older people [41], but considering the lack of evidence focused on hip-fractured people,
more investigations are needed in the treatment of sarcopenia with HMB in these patients. On the
other hand, the role of a nutritional intervention without exercise for the treatment of sarcopenia is
debated [41]. Although many studies have described good results in increasing protein intake in the
older population [42,43], the timing and distribution is unclear [44].

4.4. Sarcopenia Prevention in Hip-Fractured Patients

Despite the few studies focused on sarcopenia prevention in our study, it could be considered the
major area of research for future clinical activity and observational epidemiological trials [39] in order
to identify and modify the sarcopenia risk factors. A midlife lifestyle approach could be more proper
to limit the sarcopenia incidence [45].
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Physical activity programs have been suggested as a relevant technique in reducing the risk of
hip fracture in older patients [46,47]. In the study by Piastra et al. [47], data showed a significant
improvement in MM, muscle mass index, and handgrip strength in muscle reinforcement training group,
demonstrating that a muscle reinforcement program moved participants from a condition of moderate
sarcopenia at baseline to a condition of normality. Ding-Cheng Chan et al. [28] evaluated effects of
programs in community-dwelling older adults with high risk of fractures (> or =3% for hip fracture).
The exercise authors clarified the lack of differences in the types of exercise to improve sarcopenia
when compared an integrated care model to a lower extremity exercise model. However, several
authors promoted rehabilitation protocols for hip-fractured patients, consisting of oral nutritional
supplementation with proteins and amino acids and exercise programs [46,47]. Singh et al. [47]
proposed a new rehabilitation protocol in the older with hip fracture after orthopaedic surgery. The
12-month rehabilitation program was characterized by a high-intensity progressive resistance training
and a targeted treatment of balance, osteoporosis, nutrition, vitamin D and calcium, depression, home
safety and social support. The authors showed a statistically significant reduction in mortality, nursing
home hospitalization and disability, especially in those subjects with a systematic good health status.

A life course approach to prevention is paramount and offers chance to intervention when lifestyle
changes, inspiring the increase of physical activity with immediate to lifelong advantages for skeletal
muscle health [16].

4.5. Limits of the Study

The limits of the study are represented by the heterogenicity of the definition of sarcopenia and by
the tools considered to assess the patient functional outcome. We extensively searched and identified
all relevant last 20 years sarcopenia diagnosis-, treatment- and prevention-related articles. Therefore,
risk of bias assessment showed moderate overall risk, which could influence our analysis. Moreover,
in the diagnosis section, only instrumental tool evaluations without clinical assessment were detected.

5. Conclusions

Sarcopenia is a physiological condition and contributes to the increased risk of falls and hip
fractures in the older population. However, the diagnosis of sarcopenia is challenging, especially in
hip-fractured patients, and there are currently no standardised diagnostic and therapeutic protocols.
The development of medical management programs is mandatory for good prevention. To ensure
adequate resource provision, care models should be reviewed, and new welfare policies should be
adopted in the future.

Author Contributions: Conceptualization, G.T., A.V. and V.P. (Vito Pavone); methodology, A.V.; software,
M.A.; validation, G.T., V.P. (Vincenzo Petrantoni) and G.I.R.; formal analysis, A.V.; investigation, M.A., V.P.
(Vincenzo Petrantoni) and D.Z.; resources, A.V.; data curation, G.T.; writing—original draft preparation, D.Z.;
writing—review and editing, G.T. and A.V.; visualization, G.I.R.; supervision, G.S.; project administration, V.P.
(Vito Pavone); funding acquisition, V.P. (Vito Pavone). All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest. The author GT declares to be the Guest Editor of
the Special Issue “Prevention and Treatment of Sarcopenia” of Journal of Clinical Medicine.

References

1. Auais, M.; Morin, S.; Nadeau, L.; Finch, L.; Mayo, N. Changes in frailty-related characteristics of the
hip fracture population and their implications for healthcare services: Evidence from Quebec, Canada.
Osteoporos. Int. 2013, 24, 2713–2724. [CrossRef]

2. Kitamura, S.; Hasegawa, Y.; Suzuki, S.; Sasaki, R.; Iwata, H.; Wingstrand, H.; Thorngren, K.G. Functional
outcome after hip fracture in Japan. Clin. Orthop. Relat. Res. 1998, 348, 29–36. [CrossRef]

http://dx.doi.org/10.1007/s00198-013-2390-x
http://dx.doi.org/10.1097/00003086-199803000-00007


J. Clin. Med. 2020, 9, 2997 11 of 13

3. Cummings, S.R.; Melton, L.J. Epidemiology and outcomes of osteoporotic fractures. Lancet 2002, 359,
1761–1767. [CrossRef]

4. Marottoli, R.A.; Berkman, L.F.; Leo-Summers, L.; Cooney, L.M., Jr. Predictors of mortality and
institutionalization after hip fracture: The New Haven EPESE cohort. Established Populations for
Epidemiologic Studies of the Elderly. Am. J. Public Health 1994, 84, 1807–1812. [CrossRef]

5. Saltz, C.; Zimmerman, S.; Tompkins, C.; Harrington, D.; Magaziner, J. Stress among caregivers of hip fracture
patients. J. Gerontol. Soc. Work 1998, 30, 167–181. [CrossRef]

6. Duclos, A.; Couray-Targe, S.; Randrianasolo, M.; Hedoux, S.; Couris, C.M.; Colin, C.; Schott, A.M. Burden of
hip fracture on inpatient care: A before and after population-based study. Osteoporos. Int. 2009, 21, 1493–1501.
[CrossRef] [PubMed]

7. Cruz-Jentoft, A.J.; Baeyens, J.P.; Bauer, J.M.; Boirie, Y.; Cederholm, T.; Landi, F.; Martin, F.C.; Michel, J.P.;
Rolland, Y.; Schneider, S.M.; et al. Sarcopenia: European consensus on definition and diagnosis: Report
of the European Working Group on sarcopenia in older people. Age Ageing 2010, 39, 412–423. [CrossRef]
[PubMed]

8. Rosenberg, I.H. Sarcopenia: Origins and clinical relevance. Clin. Geriatr. Med. 2011, 27, 337–339. [CrossRef]
9. International Classification of Diseases 11th Revision (Version 04/2019). Foundation Id. Available online:

http://id.who.int/icd/entity/1254324785 (accessed on 23 December 2019).
10. Cawthon, P.M. Recent progress in sarcopenia research: A focus on operationalizing a definition of sarcopenia.

Curr. Osteoporos. Rep. 2018, 16, 730–737. [CrossRef]
11. Reiss, J.; Iglseder, B.; Alzner, R.; Mayr-Pirker, B.; Pirich, C.; Kässmann, H.; Kreutzer, M.; Dovjak, P.; Reiter, R.

Consequences of applying the new EWGSOP2 guideline instead of the former EWGSOP guideline for
sarcopenia case finding in older patients. Age Ageing 2019, 48, 719–724. [CrossRef]

12. Villani, A.; McClure, R.; Barrett, M.; Scott, D. Diagnostic differences and agreement between the original and
revised European Working Group (EWGSOP) consensus definition for sarcopenia in community-dwelling
older adults with type 2 diabetes mellitus. Arch. Gerontol. Geriatr. 2020, 89, 104081. [CrossRef]

13. Bruyère, O.; Beaudart, C.; Reginster, J.Y.; Buckinx, F.; Schoene, D.; Hirani, V.; Cooper, C.; Kanis, J.A.; Rizzoli, R.;
Cederholm, T.; et al. Assessment of muscle mass, muscle strength and physical performance in clinical
practice: An international survey. Eur. Geriatr. Med. 2016, 7, 243–246. [CrossRef]

14. Hida, T.; Ishiguro, N.; Shimokata, H.; Sakai, Y.; Matsui, Y.; Takemura, M.; Terabe, Y.; Harada, A. High
prevalence of sarcopenia and reduced leg muscle mass in Japanese patients immediately after a hip fracture.
Geriatr. Gerontol. Int. 2013, 13, 413–420. [CrossRef]

15. Gentil, P.; Lima, R.M.; Jacó de Oliveira, R.; Pereira, R.W.; Reis, V.M. Association between femoral neck
bone density and lower limb fat-free mass in postmenopausal women. J. Clin. Densitom. 2007, 10, 174–178.
[CrossRef] [PubMed]

16. Cruz-Jentoft, A.J.; Sayer, A.A. Sarcopenia. Lancet 2019, 393, 2636–2646. [CrossRef]
17. Hansen, R.D.; Williamson, D.A.; Finnegan, T.P.; Lloyd, B.D.; Grady, J.N.; Diamond, T.H.; Smith, E.U.;

Stavrinos, T.M.; Thompson, M.W.; Gwinn, T.H.; et al. Estimation of thigh muscle cross-sectional area by
dual-energy X-ray absorptiometry in frail elderly patients. Am. J. Clin. Nutr. 2007, 86, 952–958. [CrossRef]

18. Dalton, J.T.; Barnette, K.G.; Bohl, C.E.; Hancock, M.L.; Rodriguez, D.; Dodson, S.T.; Morton, R.A.; Steiner, M.S.
The selective androgen receptor modulator GTx-024 (enobosarm) improves lean body mass and physical
function in healthy elderly men and postmenopausal women: Results of a double-blind, placebo-controlled
phase II trial. J. Cachexia Sarcopenia Muscle 2011, 2, 153–161. [CrossRef]

19. Papanicolaou, D.A.; Ather, S.N.; Zhu, H.; Zhou, Y.; Lutkiewicz, J.; Scott, B.B.; Chandler, J. A phase IIA
randomized, placebo-controlled clinical trial to study the efficacy and safety of the selective androgen
receptor modulator (SARM), MK-0773 in female participants with sarcopenia. J. Nutr. Health Aging 2013, 17,
533–543. [CrossRef]

20. Hong, W.; Cheng, Q.; Zhu, X.; Zhu, H.; Li, H.; Zhang, X.; Zheng, S.; Du, Y.; Tang, W.; Xue, S.; et al. Prevalence
of Sarcopenia and Its Relationship with Sites of Fragility Fractures in Elderly Chinese Men and Women.
PLoS ONE 2015, 10, e0138102. [CrossRef]

21. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; PRISMA Group. Preferred reporting items for systematic
reviews and meta-analyses: The PRISMA statement. PLoS Med. 2009, 6, e1000097. [CrossRef]

http://dx.doi.org/10.1016/S0140-6736(02)08657-9
http://dx.doi.org/10.2105/AJPH.84.11.1807
http://dx.doi.org/10.1300/J083v30n03_13
http://dx.doi.org/10.1007/s00198-009-1087-7
http://www.ncbi.nlm.nih.gov/pubmed/19859643
http://dx.doi.org/10.1093/ageing/afq034
http://www.ncbi.nlm.nih.gov/pubmed/20392703
http://dx.doi.org/10.1016/j.cger.2011.03.003
http://id.who.int/icd/entity/1254324785
http://dx.doi.org/10.1007/s11914-018-0484-2
http://dx.doi.org/10.1093/ageing/afz035
http://dx.doi.org/10.1016/j.archger.2020.104081
http://dx.doi.org/10.1016/j.eurger.2015.12.009
http://dx.doi.org/10.1111/j.1447-0594.2012.00918.x
http://dx.doi.org/10.1016/j.jocd.2007.01.004
http://www.ncbi.nlm.nih.gov/pubmed/17485035
http://dx.doi.org/10.1016/S0140-6736(19)31138-9
http://dx.doi.org/10.1093/ajcn/86.4.952
http://dx.doi.org/10.1007/s13539-011-0034-6
http://dx.doi.org/10.1007/s12603-013-0335-x
http://dx.doi.org/10.1371/journal.pone.0138102
http://dx.doi.org/10.1371/journal.pmed.1000097


J. Clin. Med. 2020, 9, 2997 12 of 13
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