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ABSTRACT
Introduction
For older people with frailty, the loss of muscle mass, metabolic quality and strength
during periods of immobility can be detrimental, contributing to lower mobility and loss
of independence following the immobile period. This study aims to understand the rate
and extent of loss in muscle size, muscle strength, metabolic and physical function that
older people experience when they are non-weight bearing. It will evaluate associations
and predictors of these losses with the aim of identifying useful biomarkers to use in the
future either as individual targets for potential interventions or as markers to predict the
risk of deterioration following periods of immobility.
Methods and analysis
A longitudinal cohort study, with an embedded sub-study, will assess older people during
6 weeks of immobility following an acute non-weight bearing fracture. Participants will be
followed up at 4 months to assess changes in muscle measures and function from
baseline. The sample size will be 60 participants ≥70 years. Muscle mass will be
assessed using bioelectrical impedance analysis, quadriceps ultrasound, whole body
muscle mass by isotope tracer and MRI. Handgrip and knee extension strength will be
measured. Outcomes include changes in muscle mass and strength and clinical
outcomes. Descriptive statistics will be used to report the baseline characteristics.
Repeated measures ANOVA will be used to analyse the mean changes in muscle size and
strength over time. Logistic regression models will be used to examine the relationship
between whole-body and muscle level biomarkers, changes in muscle mass or strength
and adverse clinical and functional outcomes.
Discussion
This study contributes to the translational research challenge set by the NIHR for
Biomedical Research Centres. It uses a multi-disciplinary approach with novel techniques
to develop a comprehensive mechanistic understanding of musculoskeletal deterioration
associated with immobility and frailty in older patients with non-weight bearing
fractures.
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INTRODUCTION
Across all ages, periods of immobility can lead to muscle atrophy, insulin resistance,
reduced mitochondrial content, increased muscle lipid deposition and reduced muscle
function (1-4). This may be particularly detrimental to older people with sarcopenia as
they start from a position of lower muscle mass and quality, compared to younger
individuals (5, 6). Sarcopenia is proposed to contribute to the vulnerability that
characterises physical frailty. Both conditions form part of a self-perpetuating cycle that
increase an individual’s susceptibility to the risks of acute muscle loss and negative
metabolic health changes when that individual becomes physically inactive (7). This, in
turn, makes rehabilitation more difficult and contributes to reduced mobility, and the
increased risk of dependency, hospitalisation and mortality (8-10).
Unfortunately, there are occasions where immobility is unavoidable such as the
therapeutic immobilisation of, and restricted or non-weight bearing through, an affected
limb for 6-8 weeks required to heal many common fragility factures (11, 12). Little is
known about the clinical characteristics of older people who sustain such injuries, but
many, especially those with frailty, are discharged from acute hospitals to care homes,
and exposed to further risks of immobility. The impact of immobilisation upon the
trajectory of the decline in their skeletal muscle mass, quality and function is also
unknown. It is presumed these patients experience significant loss of muscle during the
non-weight bearing period, influencing their subsequent physical functioning and clinical
outcomes.
Understanding the mechanistic links between immobility and age-related muscle loss is
necessary for designing targeted interventions to limit the losses and associated adverse
outcomes. Some underlying changes and measurable characteristics may be detected
prior to alterations in the physical phenotype using both invasive and non-invasive
research techniques to examine muscle metabolic health status (4, 13-15). Identifying
such measurable characteristics, known as biomarkers, that are indicative of underlying
changes have two potential benefits. Firstly, biomarkers can be used to target or
personalise interventions on an individualised basis because they represent the
underlying physiological and metabolic states of clinical health conditions. Secondly,
some biomarkers are strong indicators of longer-term health outcomes, and can
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potentially be used as proximal end points in translational research studies before larger
scale trials with clinical end points are undertaken.
The aims of this study are to quantify the trajectory of decline in muscle mass, muscle
strength and lower limb muscle thickness in older people immobilised for the
management of non-weight bearing fractures (main cohort study). The existing level of
muscle loss and behaviour will be characterised using more detailed metabolic and
molecular measurements at the whole-body and muscle levels i.e. a “deep phenotyping”
(sub-study) that may predict and explain the magnitude of decline observed. Achieving
these aims will help guide further translational research targeting the ill-understood
physiology of the musculoskeletal system in severe frailty states.

METHOD
Study design
The study will use a single-centre prospective longitudinal cohort design to determine
the trajectory of muscle atrophy and muscle strength loss in older patients immobile for
6 weeks with a non-weight bearing fracture. To identify biomarkers responsible for the
muscle changes, a sub-study group will be selected from the main cohort for additional
muscle metabolism measurements, referred to as ‘deep phenotyping’.
All participants will be assessed at 5 time points over 16 weeks following their acute
fracture. Initial data and preinjury information will be collected as soon as feasible from
fracture. Subsequent measurements will be performed at 1 week post fracture (to
capture the early changes), at 3 weeks post fracture (to determine the rate of the
muscle loss), at 6 weeks post fracture (when the majority of the patients will be ending
their immobile period) and at 16 weeks post fracture (when the majority of patients will
have undergone rehabilitation and have returned home).
Study setting
Eligible participants will be recruited over 2 years from the Queen’s Medical Centre in
Nottingham, a 1,300 bed teaching hospital serving over 2.5 million people in the
surrounding community.

p4
This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported
License. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-

nd/3.0/ .
15//04/2015 V1

ISSN:

2059-3341

Non-weight bearing cohort study protocol
www.nottingham.ac.uk/emran

Participants
Main cohort
All patients admitted to hospital with an acute non-weight bearing fragility fracture will
be screened for eligibility. Patients must give consent or, for those lacking the mental
capacity to do so, have a personal consultee who agrees to their inclusion.
The inclusion criteria for the main study
1. Acute fragility fracture (treated with or without surgical fixation) and prescribed
non-weight bearing management of that limb by an orthopaedic specialist for at
least 4 weeks.
2. Aged 70 years or over
3. Unable to walk during the non-weight bearing period, limited to transfers or
bedrest only.
Exclusion criteria
1. Imminent risk of death
2. Concurrent hip fracture
3. Lower leg amputation
4. Bedbound prior to admission
5. Are unable to consent for themselves and have no personal consultee.
Deep phenotype sub-study
Participants will fulfil the main study criteria and additional eligibility for the deep
phenotype sub-study based on the complexity and relative contraindications for the deep
phenotype measures. One gender (female) and lower limb injuries have been selected
for the inclusion to the sub-study group to reduce the background variation in muscle
measurements between participants.
Exclusion criteria for the deep phenotype sub-study
1. Diagnosed dementia or who lack capacity to understand the sub-study measures
2. Acutely unwell (defined by Early Warning Score ≥3)
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3. Creatinine clearance <30mls/min. The D3-creatine test relies on renal excretion
and has not been tested in those with low renal function (15).
4. Prescribed anticoagulants (warfarin or direct oral anticoagulant). It is felt to be an
unnecessary risk to reverse therapeutic anticoagulation for a muscle biopsy.
5. Chronic use of anti-inflammatory medications and paracetamol for more than 1
month prior to start of study as these drugs alter the rate of muscle protein
synthesis (16, 17).
6. Any contraindications for magnetic resonance scan
Sampling, recruitment and consent
Consecutive admissions will be screened for eligibility and recruited. Initial visits will take
place on the acute hospital wards with follow-up visits in the community (at home or in a
care home). The study will be fully explained, verbally and with printed information to all
potential participants and their capacity to consent will be assessed using the two-stage
process based on the Mental Capacity Act 2005. If potential participants do not have
capacity to consent, a relative or carer will be consulted to act as the participant’s
personal consultee and advise on the potential participant’s inclination to be involved in
the research. Those participants who lack capacity initially but subsequently regain
capacity during the study will be informed fully of the study, asked if they would like to
continue and if they agree, they will be asked to sign the consent form.
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Data collection
Table of measures to be performed at each time point
Visits (no. of weeks after
fracture)

Measurement

0

1

3

6

16

Whole cohort
Participant
characteristics medical records

Participant Interview

Participant
measurements

Outcome measures –
medical records

Age, gender, type of residence, comorbidities,
medication prescribed, type of fracture, type of
surgery, admission blood tests, height.

x

Cognition – Montreal Cognitive assessment

x

x

Level of dependency – Barthel Index

x

x

Frailty – Fried frailty phenotype

x

x

Body composition – Weight and Bioelectrical
impedance assay

x

X

X

x

x

Thigh muscle thickness – ultrasound

x

X

X

x

x

Muscle strength - Handgrip strength and knee
extension strength

x

X

X

x

x

Mortality, discharge destination, medical
complications, changes in medications, length of
stay and re-admissions

x

Additional measurements for sub-study group
Whole body muscle mass:
Participant
measurements

-

determined using D3 creatine tracer

-

determined using magnetic resonance imaging

x
x

Muscle Biopsy

x

Blood tests for inflam-ageing

x

Table 1 Study measurements performed at each time point.

p7
This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported
License. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-

nd/3.0/ .
15//04/2015 V1

ISSN:

2059-3341

Non-weight bearing cohort study protocol
www.nottingham.ac.uk/emran

Whole cohort
Participant characteristics
Participant demographics will be accessed from medical records including age, gender,
type of residence (home, institution), comorbidities (using Charlson Co-morbidity Index
(18) and number of recorded comorbidities), medication prescribed, type of fracture and
type of surgery (if performed). Height and weight will be assessed to calculate body
mass index (weight in kilograms divided by the square of height in meters). Measuring
height is often not feasible in this older, frail immobile population, therefore ulnar length
will be used as a surrogate (19).
Participant Interview
Participants will be interviewed at the initial visit and at 16 weeks to assess for changes
in their cognition, level of physical dependency and physical frailty.
Cognitive function
The Montreal Cognitive Assessment (MoCA) is a widely used screening test for mild
cognitive impairment, administered in approximately 10 minutes (20). It assesses
various cognitive domains including concentration, attention, memory, executive
function, language, calculations, orientation, conceptual thinking and visual skills. The
maximum score is 30, although a score above 25 represents normal cognitive function.
The MoCA demonstrates excellent test-retest reliability (correlation coefficient = 0.92,
p<0.001) and good internal consistency (Cronbach alpha= 0.83) (20).
Level of dependency
The 20 point modified Barthel Index of activities of daily living (21) will be used to
determine dependency pre-injury and at 16 weeks. The Index assesses 10 functional
tasks of daily living including personal hygiene, bathing, feeding, toileting, stair climbing,
dressing, bowel control, bladder control, mobility and transfers. The individual is scored
depending on the independence in each task and lower scores indicate higher
dependency. It has been validated as a prognostic tool in stroke rehabilitation and is
recommended for assessment in older adults (22). A self-reported Barthel Index will be
used, this has good correlation with the performance based test (r>0.97) (23), and
where participants are unable to self-report, a proxy report will be used.
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Frailty
The frailty phenotype consists of 5 components, with the presence of 3 or more items
indicating frailty and 1-2 items representing pre-frailty (7). Typically, the components of
weight loss, exhaustion and low physical activity are self-reported, while gait speed and
grip strength are measured values. However, due to immobility it is not possible to
measure gait speed in this cohort. For this reason, participants will be screened for
frailty using a validated frailty scale (FRAIL) (24). This consists of 4 simple questions
self-reporting components of the frailty phenotype and 1 question (number of illnesses)
based on the Rockwood Scale (25). A bespoke cumulative frailty index will also be
calculated using pre-injury data from the modified Barthel Index, the number of
comorbidities and the MoCA score.
Participant measurements
Measurements of body composition, muscle thickness and muscle strength will be
performed in all participants over the immobility period. They will be performed on the
non-injured side of the body.
Body composition
Bioelectrical impedance assay (BIA) measures the resistance of a body as a conductor to
a small electrical current. Participants will lie supine on a non-conducting surface with
electrode stickers on the dorsal surface of their hands and feet.
Thigh muscle thickness
Portable ultrasound will be used to measure the thickness of the vastus lateralis muscle
of the non-injured leg to detect any longitudinal changes in muscle size. Using the
technique reported by Franchi et al 2017 (26), participants will lie supine with their knee
in full extension and measurements will be taken midway along their femur (a point
defined as the mid distance from the greater trochanter to the lateral border of the
femoral condyle). With the probe placed longitudinally to the thigh and aligned to the
fascicle plane, the muscle thickness will be recorded as the distance between the
superficial and deep aponeuroses. This technique has good construct validity compared
to magnetic resonance imaging measures (26).
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Muscle strength
Handgrip strength will be assessed using a Jamar hydraulic hand dynamometer
(Sammons Preston, Model 5030J1). The dynamometer has a dual scale readout which
displays isometric grip force form 0-90 kg (0-200 lb) and a handle which easily adjusts
for five grip positions to accommodate hand size. Participants will be encouraged to
squeeze with maximal strength and will have three trials with the best value being used
for analysis.
The strength of knee extensor muscles will be measured using a hand-held Layfette
manual muscle tester (Model 01165) (27). Participants will be seated on the edge of the
bed and asked to push with maximal effort against the muscle tester held in the
researcher’s hand. Participants will have three trials with the best value used for
analysis.
Sub-study measurements
The sub-study measurements will be performed at the participant’s bedside with the
exception of the magnetic resonance scan.
Whole body muscle mass
The D3-creatine dilution method provides a direct assessment of functional muscle mass.
Oral D3-creatine will be taken up into the skeletal muscle creatine pool and converted to
D3-creatinine, which is excreted in the urine (15). Urine will be collected from sub-study
participants over 72 hours from administration of a 30mg oral D3-creatine dose and the
D3-creatinine level will be measured using high-performance liquid
chromatography/mass spectrometry (HPLC/MS) (28). The total body creatine pool size
and whole body muscle mass will be calculated using the equation from Clark et al.(15).
A magnetic resonance imaging (MRI) scan (serial cross sections) will be used to quantify
whole body muscle mass in this population of patients.
Muscle biopsy
Muscle biopsies will be obtained from the vastus lateralis muscle using a minimally
invasive, micro-biopsy technique developed by Hayot et al. (29). Under sterile conditions
and after local anaesthetic injection, a percutaneous biopsy needle (Bard RTM) will be
passed 5-6 times to obtain tissue for analysis. The samples will be immediately frozen in
liquid nitrogen to minimise ex vivo changes to intracellular metabolism.
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The muscle biopsy samples will be used to determine temporal changes in the
expression of targeted DNA, mRNA (microfluidic, low-density array gene cards) and
proteins known to be associated with muscle mass regulation, deconditioning, fuel
selection and mitochondrial mass and proliferation.
Outcome data
Outcome data will be collected from medical records at 16 weeks, to determine
mortality, discharge destination, medical complications, total length of stay and hospital
re-admissions.
Sample size
Changes in mobility and muscle function have been shown to associate with as little as
1kg change in grip strength (30). For the main study, a sample size of 48 patients would
provide 80% power to detect a 2.5kg change in grip strength over 6 weeks of immobility
at 5% significance level. With an anticipated dropout rate of 20%, a recruitment target is
set for 60 participants.
The sub-study is not powered for outcomes, rather it will inform the feasibility of
performing the deep-phenotype measurements in older hospital patients with nonweight bearing fractures. The strict inclusion criteria for the sub-study minimises the
variance and allows for a small sample size.
Data analysis plan
Demographic information and baseline variables will be summarised using descriptive
statistics expressed as mean (SD) for continuous variables and median (IQR) for
categorical variables. Descriptive statistics summarise the characteristics of non-weight
bearing patients and the key outcome variables including mortality, length of stay and
hospital readmissions.
The pre-injury data from the modified Barthel Index, the number of comorbidities and
the MoCA will be summed to calculate a baseline cumulative Frailty Index (the number of
deficits present divided by number of deficits considered) (25) which will be compared
using correlation statistics to the baseline frailty cumulative deficits score. The role of
frailty on the rate of muscle mass, strength and functional loss will be analysed using
regression analysis.
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Repeated measures analysis of variance will be used to compare changes over time in
body composition, muscle thickness and muscle strength measures. Data from the substudy measurements will be correlated with these changes and non-invasive measures
to enhance our understanding of the musculoskeletal system in the extreme frail state.
Ethics and dissemination
Ethical approval for the study was granted by Wales Research Ethics Committee 6 on
11/04/18. Amendments to the study protocol were approved on 14/11/18 and 26/3/19.
The study proposal and public facing information were also reviewed by members of the
Dementia and Older People Patient and Public Involvement Group (PPI) group at
Nottingham University.
The appropriate permissions have been granted for access and usage of all specified
databases, clinical information systems and patient records. Results from the study will
be disseminated at national and international conferences, in peer-reviewed journals and
in a doctoral thesis.
Protocol amendments
Significant protocol amendments have been implemented after further approval by the
Sponsor, the ethics review board and the UK Health Research Authority. The methods
detailed above represent the amended protocol to which participants have been
recruited. The details of the original proposals are listed in Appendices 1 and 2. The
amendments are listed below and explained in the text.
1. Reduction of the number and frequency of tests in the deep phenotype sub-study
group
2. Alterations to the inclusion and exclusion criteria of the sub-study group to reflect
the changes in tests and remove the specification for a single fracture type.
3. Removal of the requirement for participants to be discharged to a care home or
community hospital from the inclusion criteria of the main study group.
In addition to D3 creatine and muscle biopsy for gene expression, the initial sub-study
protocol included measures of muscle protein synthesis, muscle protein breakdown and
insulin resistance, shown in Appendix 1. All the deep phenotype measures were to be
performed at the first four time points (baseline, week 1, week 3 and week 6). However,
following reflection on the lack of recruitment to the deep phenotype sub-study, the
number and repeated nature of the measures (recurring at four time points) were
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identified as barriers to recruitment as they were too onerous for participants. After
consideration of what was necessary to obtain scientific knowledge to meet the study
objectives and what was acceptable to participants, the protocol was amended.
Appendix 2 details the original inclusion and exclusion criteria for the deep phenotype
sub-study. Originally inclusion in the sub-study was limited to one type of fracture (ankle
fracture) to limit the presumed variability between participants. However, after four
months of screening only 1 patient met the eligibility criteria for the sub-study
(compared to 25 patients for the main study). Discussion among the research team
proposed that the inclusion of other lower limb fractures would not alter the ability to
compare participants because all measurements involved the non-fractured limb. The
reduction in sub-study measures altered the eligibility criteria, in particular, the removal
of an insulin glucose tolerance test meant people with diabetes did not need to be
excluded from the sub-study.
Appendix 2 also details the original inclusion criteria for the main cohort study, which
selected participants based on their discharge destination to a care home or community
hospital for their non-weight bearing period. The researchers were unaware that the
number of patients returning directly home with family or care agency support accounted
for around 15-20% of the population group. Predicting a participant’s discharge
destination within the first few days of admission was also a challenge and despite
remaining non-weight bearing, initially a few recruited participants were withdrawn when
their discharge plans changed. The destination of non-weight bearing for patients (home
or a care home) is determined by clinical practitioners reflecting the clinical or social
circumstances for the patients and it was agreed that there was no scientific justification
to exclude older patients going directly home from the study provided their mobility
remained limited to transfers or bedrest.

DISCUSSION
This longitudinal cohort study focuses on examining the rate and extent of losses in
muscle size, metabolic quality and strength that older people experience when they are
non-weight bearing, the associations and predictors of these losses and how these losses
match to adverse clinical events.
The proposed study has several strengths including the longitudinal design of the study
and the combination of clinical and deep-phenotyping techniques. Discerning measurable
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traits in the muscles of older people with frailty through deep phenotyping will provide a
detailed understanding of muscle behaviour and physiology at the cellular level in this
patient group. Similarly, measurements at multiple time points will increase knowledge
and understanding of key changes that could be future intervention targets to prevent
functional declines. Bedrest studies in volunteers have shown changes in muscle
architecture and metabolism begin rapidly; alterations in muscle protein synthesis occur
within a few hours of immobility, while detectable loss of muscle mass occurs within a
few days (31, 32). In comparison, alterations to the clinical phenotype often become
apparent after immobilisation, hence the need to identify biomarkers to target and
potentially prevent such outcomes. The deep-phenotype sub-study will provide better
understanding of how aged muscle behaves in relation to the muscle measurement
changes in older people with frailty.
This will be one of the first times the non-invasive technique of D3-creatine to measure
whole-body muscle mass will be applied to frail populations in a clinical setting. Although
the technique has been validated in healthy populations who may or may not have
frailty, it is expected the clinical population will have higher degrees of frailty.
The study will use several techniques to quantify muscle size, metabolic quality and
strength. This will allow comparison of methods for measuring muscle size, metabolic
quality and strength, and will explore the use of newer approaches that quantify whole
body muscle mass and compare with those assessing a single muscle group to examine
the distribution of muscle loss during immobility.
The frailty, acute fracture, associated complications and high risk of deterioration are
reasons for conducting research in this population, but they are also barriers to
participation. The protocol amendments have tried to address some of the barriers and
reduce the non-recruitment risk, especially for the deep phenotype sub-study, although
it is acknowledged challenges remain. Members of the research team have recruited to
methodologically similar studies in less frail participants and have recruited very frail
older people into other studies, but these methods have not been attempted in these
frail patients. For the recognition of sarcopenia in older frail patients in clinical settings,
there is a need to increase understanding of the most accurate and clinically feasible
techniques.
There are others limitations to the study. There is a risk of participant selection bias if
the non-weight bearing patients who consent to take part in the study differ from those
who decline. Attrition is an added risk for any longitudinal study and especially for older
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patients with a high degree of frailty. This has been accounted for in the sample size
calculation. Comparison of characteristics between participants with non-participants and
those lost to follow-up will be possible in relation to routinely collected hospital data to
assess how closely representative the sample population will be of older patients
hospitalised with non-weight bearing fractures. More information on musculoskeletal
declines could be gathered through using more frequent time points, but at this stage it
is not felt it is acceptable to ask older people with frailty to participant in overly
burdensome studies and that increased burden would either adversely reduce
recruitment or retention.
Although the study will assess patients with non-weight bearing fractures, it is hoped the
detailed insight of how muscle mass and function change during immobility in this frail
group could be extrapolated to provide better understanding of deconditioning in older
people with frailty who may be immobile from other causes including acute illness or
hospital stay.
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APPENDIX 1 – Original schedule of procedures for the sub-study
Procedures

Visits
Baseline

Week 1

Week 3

Week 6

Week 16

Demographics

x

Height and weight measures

x

x

x

x

x

x

x

x

x

x

Medical history – comorbidities, medications
Participant interview –
MoCA, ADLs, physical frailty

x

x

questions
Review hospital records for

x

x

x

x

x

Ultrasound of muscle

x

x

x

x

x

Hand grip dynamometer

x

x

x

x

x

Quadriceps muscle strength

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

X

x

x

x

x

x

x

x

x

medical complications

Muscle biopsy for D2O and
gene expression
Heavy water (D20) drink for
muscle protein synthesis
D3-methylhistidine (3MH)
drink for muscle protein
breakdown
D3-creatine drink for whole
body muscle mass
Urine collection for 3MH and
D3-creatinine
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Venepuncture for 3MH and

x

x

x

x

Saliva samples for D2O

x

x

x

x

IV glucose tolerance test

x

x

x

x

inflammaging

Whole body MRI scan

x
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APPENDIX 2 – original eligibility criteria for the main cohort study and deep
phenotype sub-study
Inclusion criteria for the main cohort study:


≥ 70 years,



Acute fracture (treated with or without surgical fixation) and prescribed nonweight bearing management by the orthopaedic specialist



Requiring a non-weight bearing bed in rehabilitation hospital or care home
because they are unable to return home for the duration of the non-weight
bearing restriction.



Can provide informed consent or has a personal consultee who can provide
consent on their behalf.

For deep phenotype characterisation, in addition to the above:


Discharged from acute hospital to a community bed for the immobilisation
period



Ankle fracture without surgical fixation



Female gender

Exclusion criteria for the overall main cohort study:


Terminal illness or moribund



Concurrent hip fracture



Bed bound prior to admission



Lower limb amputation

Additionally, for the deep phenotype characterisation:


Poor renal function (Creatinine Clearance <30mls/min)



Anticoagulants (warfarin, DOAC)



Swallowing difficulties
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Severe cognitive impairment (MoCA < 10) or acute delirium



Surgical fixation of the fracture



Acutely unwell (defined by Early Warning Score ≥3)



Contraindications for MRI scan (e.g. brain aneurysm clips, permanent
pacemaker)



Diabetes mellitus



Chronic use of anti-inflammatory medications and paracetamol (>1 month)
prior to start of study
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