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Abstract This longitudinal study aimed to assess 
muscle morphological and functional changes in 
older patients admitted with fragility fractures man-
aged by immobilisation of the affected limb for at 
least 6  weeks. Patients aged ≥ 70 hospitalised with 
non-weight bearing limb fractures, and functionally 
limited to transfers only, were recruited. Handgrip 
(HGS) and knee extensor strength (KES), Vastus 
Lateralis muscle thickness (VLMT) and cross-sec-
tional area at ultrasound (VLCSA) were measured 
in the non-injured limb at hospital admission, 1, 3 

and 6  weeks later. Barthel Index, mobility aid use 
and residential status were recorded at baseline and 
16 weeks. Longitudinal changes in muscle measure-
ments were analysed using one-way repeated meas-
ures ANOVA. In a sub-study, female patients’ base-
line measurements were compared to 11 healthy, 
female, non-frail, non-hospitalised control volunteers 
(HC) with comparable BMI, aged ≥ 70, using inde-
pendent t tests. Fifty patients (44 female) participated. 
Neither muscle strength nor muscle size changed over 
a 6-week immobilisation. Dependency increased sig-
nificantly from pre-fracture to 16 weeks. At baseline, 
the patient subgroup was weaker (HGS 9.2 ± 4.7  kg 
vs. 19.9 ± 5.8  kg, p < 0.001; KES 4.5 ± 1.5  kg vs. 
7.8 ± 1.3  kg, p < 0.001) and had lower muscle size 
(VLMT 1.38 ± 0.47  cm vs. 1.75 ± 0.30  cm, p = 0.02; 
VLCSA 8.92 ± 4.37  cm2 vs. 13.35 ± 3.97  cm2, 
p = 0.005) than HC. The associations with lower mus-
cle strength measures but not muscle size remained 
statistically significant after adjustment for age. 
Patients with non-weight bearing fractures were 
weaker than HC even after accounting for age dif-
ferences. Although functional dependency increased 
after fracture, this was not related to muscle mass or 
strength loss, which remained unchanged.
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Introduction

Sarcopenia, the age-associated loss of muscle quan-
tity and strength, is associated with an increased 
risk of falls, fragility fractures, physical dependence, 
increased morbidity and mortality in older people 
[1–3]. It has been proposed to have a key role in the 
frailty syndrome [4, 5]. Interventions preventing or 
reversing sarcopenia may therefore, in turn, prevent 
or reverse frailty.

In addition to ageing, periods of immobility are 
associated with accelerated loss of muscle strength 
and mass. With a 10-day bedrest, healthy older 
adults lose 6% of lower extremity lean mass and 
15% of knee extension strength [6] with correspond-
ing reduction in stair climbing ability and gait speed 
[7]. After 2 weeks of immobility, the rate of decline 
slows eventually reaching a stable state [8]. In those 
with frailty, or at risk of frailty, a vicious cycle could 
develop in which sarcopenia leads to a fall and injury, 
which leads to immobility, which leads to acute mus-
cle loss, increasing the risk of further falls.

A clinical circumstance where such a vicious cycle 
may occur is after fragility fracture. Such fractures 
tend to occur in people who are already frail or at risk 
of frailty [9, 10]. The management of some fragility 
fractures is to avoid weight-bearing on the affected 
limb for at least 6 weeks until sufficient healing has 
occurred [11, 12]. Many older people with frailty 
find pre-existing mobility limitations, poor stability, 
reduced upper body strength and coordination make 
it impossible for them to use crutches or other walk-
ing aids needed to maintain ambulation during their 
non-weight bearing period. This results in them being 
functionally limited to bed to chair transfers and, in 
the UK, can result in temporary care home admis-
sions [13]. A scoping review showed that optimal 
care for these patients during immobility is to main-
tain strength and range of movement through exer-
cises but that there has been little research exploring 
effects of immobility upon muscle loss and physical 
functioning in this group [14].

We set out to observe the changes in these patients 
during a period of immobility, to relate these changes 
to clinical outcomes, and to determine to what degree 
the muscles of these patients differ from those who 
have not fallen. We intended that the findings of 
this study would guide the rational development of 
strategies for intervention that target mechanisms 

potentially accelerating sarcopenia in older patients 
with fragility fractures.

Methods

Study design

We conducted a single-centre prospective 16-week 
cohort study to examine the effect of immobility 
upon patients who were non-weight bearing with 
fragility fractures. In a subgroup of patients, we per-
formed a cross-sectional comparison with healthy 
volunteers aged ≥ 70  years to determine differ-
ences in baseline features between the patients and 
healthy older people. Ethical approvals were granted 
by Wales Research Ethics Committee 6 (reference 
18/WA/0115) and by the School of Life Sciences 
Research Ethics Committee, University of Notting-
ham for the cohort and healthy volunteer studies 
respectively. We followed STROBE reporting guide-
lines [15].

Setting

We recruited patient participants from orthopae-
dic wards at Queens Medical Centre, Nottingham, 
UK, between August 2018 and February 2020. We 
made follow-up assessments of patient participants 
at weeks 1, 3, 6 and 16 in hospital, in rehabilitation 
settings or at home according to their normal clinical 
management.

For the cross-sectional comparison, we recruited 
healthy older female volunteers through newsletter 
advertisement from two community groups for older 
people between July 2019 and September 2019. We 
assessed them once in the David Greenfield Human 
Physiology Unit at the University of Nottingham.

Participants

Patient participants were eligible for recruitment if 
aged ≥ 70 years; presenting with acute fragility frac-
ture (treated with or without surgical fixation) for 
which non-weight bearing management of the limb 
was prescribed by an orthopaedic specialist and was 
anticipated to last at least 6  weeks and limited to 
transfers or bedrest during the non-weight bearing 
period. Clinical need determined precise duration of 
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non-weight bearing. Participants were excluded if 
they were at imminent risk of death, had concurrent 
hip fracture or previous lower limb amputation, were 
non-ambulatory prior to admission, in nursing or resi-
dential care pre-admission or unable to consent for 
themselves with no personal consultee.

One researcher (EL) identified potential patient 
participants thrice weekly through the hospital trauma 
register (which lists all patients referred to orthopae-
dic specialists); screened potential participants for 
eligibility on the ward and sought their consent (or 
agreement by a personal consultee for those lacking 
the mental capacity).

For the comparison sub-study, baseline data of 36 
female participants from the patient cohort were used. 
As sex-based differences in muscle strength and body 
composition between patient and healthy volunteer 
groups would confound the results, one gender was 
chosen to enable appropriate comparisons. Female 
gender was chosen because fragility fractures and 
osteoporosis are more prevalent in women [16].

Healthy volunteers were eligible for recruit-
ment if aged ≥ 70  years; female; ambulatory (with 
or without a walking aid); community-dwelling and 
able to attend the University for measurement. One 
researcher (EL) contacted potential healthy volun-
teers who responded to advertisement, invited them 
to attend the physiology laboratory, obtained consent 
and performed assessments.

Variables and measurement

For the patient cohort study, one researcher (EL) 
recorded baseline data comprising the following: 
demographics; comorbidities; prescribed medica-
tions; cognition (recorded diagnosis of dementia or 
cognitive impairment); mobility aids; previous post-
menopausal fractures; frailty status (FRAIL scale 
[17]); pre-fracture dependency (Barthel Index [18]); 
whether in receipt of home care; ulnar length to esti-
mate height [19] and weight (from clinical records). 
Muscle ultrasound and strength measurements were 
performed on the non-injured side of the body (con-
tralateral to the fracture) and are described below. 
Muscle ultrasound, muscle strength and bioimped-
ance measurements were performed at baseline and 
repeated after 1, 3 and 6  weeks. At 16  weeks, data 
were collected on duration of non-weight bearing 

period, hospital readmissions, residential status, 
dependency (Barthel Index) and survival.

For healthy volunteers, one researcher (EL) 
recorded data comprising the following: demograph-
ics; comorbidities; frailty status (FRAIL scale [17]); 
previous post-menopausal fractures; mobility aids; 
measurement of height and weight and bioimped-
ance and muscle measures as described below. In 
healthy volunteers, muscle ultrasound and strength 
measurements were performed on the side of hand 
dominance.

Body composition

Body resistance and reactance were obtained 
using bioelectrical impedance analysis (BIA; 
Bodystat®QuadScan 4000) with participants 
lying supine. Appendicular skeletal muscle mass 
(ASMM) was estimated according to the for-
mula: ASMM =  − 3.964 + (0.227 ×  (height2/
resistance)) + (0.095 × weight) + (1.384 × gen-
der) + (0.064 × reactance), where height is cm and 
gender male = 1, female = 0. Appendicular skeletal 
mass index (SMI) was calculated (ASMM/height2) 
[20], as advocated by the EWGSOP2 for older Euro-
pean populations [5].

Muscle ultrasound

Vastus lateralis muscle thickness (VLMT), cross-
sectional area (VLCSA) and echogenicity (an esti-
mate of VL intramuscular fat) were obtained at rest 
using B-mode ultrasonography (Mylab Gold; Esaote 
Biomedica, Genova, Italy), with a multi-frequency, 
5-cm linear-array probe, using a validated protocol 
that employed a longitudinal design [21]. Participants 
were supine with the knee in full extension. A mus-
culoskeletal preset was used with a probe frequency 
of 12  MHz. The depth of scan was altered for each 
participant to optimise VL muscle view. For VLMT, 
three longitudinal images were taken at the mid-axial 
point of the mid-sagittal length along the VL muscle 
(measured as 50% from the greater trochanter to mid-
patella, and 50% between the lateral and medial bor-
ders of the VL muscle). For VLCSA, the probe was 
moved along the latero-medial axis between lateral 
and medial borders of the VL muscle at the point 50% 
in mid-sagittal length with the VPan application acti-
vated. Three images were obtained.
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Longitudinal images were processed using ImageJ 
software to determine VLMT (the distance between 
the superficial and deep aponeurosis at the centre of 
each image), and echogenicity. Fascia above the VL 
muscle and within the superficial aponeurosis was 
not included in VLMT measurement. For echogenic-
ity, greyscale analysis was performed with an adapted 
protocol [22]. The rectangular marquee tool selected 
a region of interest in the VL muscle between the 
upper and deep aponeurosis. The mean echo intensity 
was calculated using histogram analysis (black = 0, 
white = 255). As ultrasound signal can be ampli-
fied at acquisition making images appear whiter, 
only images acquired with the gain function at 58% 
gain level were analysed for echogenicity. VLCSA 
was measured using the area tool on the ultrasound 
machine to draw around the VL muscle scan. For 
each variable, mean values from three images were 
used in analysis.

Handgrip and knee extensor strength

Handgrip strength was assessed using a Jamar 
hydraulic hand dynamometer (Sammons Preston, 
Model 5030J1). The handle was adjusted for hand 
size. Participants sat on a chair or in bed with arms 
supported by armrests or pillows. They squeezed the 
dynamometer for as long and as tightly as possible, or 
until the examiner saw the needle stop rising. Partici-
pants had three trials, and the best of three values was 
used for analysis, in keeping with previous protocols 
[23].

Knee extension strength was measured using a 
hand-held Lafayette manual muscle tester (Model 
01165). Participants lay supine on a bed; they flexed 
their test-side knee so that their foot was flat on the 
bed. The examiner placed the muscle tester on the 
participant’s lower leg approximately 10  cm proxi-
mal to the malleoli. Participants were instructed to 
extend their knee and push against the device while 
the examiner held it in a fixed position. Three trials 
were performed with the highest value used for analy-
sis. The same researcher (EL) made all measurements 
in all participants.

Bias

Measures to reduce bias included using a single 
trained researcher using standardised procedures for 

all measurements, and who had demonstrated test-re-
test reliability in the use of muscle ultrasound.

Sample size

We calculated a sample size of 60 participants would 
be sufficient (power 80%, significance 5%, loss to fol-
low-up 20%, standard deviation 6 kg) to detect a 2.5-
kg reduction in handgrip strength. We estimated that 
this was an achievable target over 2 years given that 
approximately 120 patients with non-weight bearing 
fractures go through our service each year.

Effect of COVID-19 pandemic upon the research

In March 2020, restrictions from the coronavirus pan-
demic halted study recruitment and follow-up visits. 
A decision was made to end the study from this point 
despite not reaching recruitment target. Close physi-
cal contact in care homes required for the study meas-
ures was forbidden for vulnerable people between 
March 2020 and April 2022 which would have lim-
ited longitudinal follow-up visits.

Statistical analysis

The Wilcoxon rank test compared Barthel Index 
changes from baseline to week 16. Spearman correla-
tion test assessed the association of muscle measures 
at baseline with outcomes. The percentage changes 
of muscle measures from baseline were calculated 
and statistical significance determined with repeated 
measures analysis of complete cases (those with no 
missing data for that measure at the 4 timepoints) 
using the general linear model. Mean differences 
between specific time points were calculated using 
post hoc pairwise comparison using the Bonferroni 
correction for multiple comparisons.

Comparisons between non-weight bearing partici-
pants and healthy volunteers used independent sam-
ples t tests (or nonparametric Mann-Whitney tests) 
for continuous variables and chi-squared tests for cat-
egorical variables. Percentage difference of mean val-
ues was calculated. Using multiple logistic regression 
analysis, muscle variables were adjusted for the age 
difference between the groups. Statistical significance 
was set as p < 0.05.

Analyses used SPSS 25.0 (SPSS Inc., Chicago, 
IL, USA), and graphical representation was produced 
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using GraphPad Prism (GraphPad software Inc. La 
Jolla, CA, USA).

Results

Participants and baseline characteristics

Fifty participants with non-weight bearing fragility 
fractures were recruited. The number of participants 
assessed at each time point, and the reasons why fol-
low-up data were not obtained, are shown in Fig. 1. In 
addition to attrition, there was an array of participant, 

equipment, clinical- and muscle-related factors which 
led to missed study visits and missing individual 
measurements throughout the study, summarised in 
Table  1. If participants missed a visit and agreed to 
continue in the study, they were measured at the next 
follow-up visit. We encountered difficulties contacting 
several participants by telephone to arrange follow-up 
visits: contact details given were incorrect or incom-
plete; they went to stay with a relative for whom we 
did not have contact details; or they did not answer 
the telephone. For some, this caused missed visits for 
that specific follow-up week, but for two participants, 
it was not possible to contact them to arrange visits 

Fig. 1  Study participant flow chart. Number of participants and reasons for missed study visits given on left side. Number of partici-
pants and reasons for withdrawal given on right side
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once they left hospital, so they were withdrawn by the 
researcher. There were no differences in baseline char-
acteristics between participants who completed the 
study and those who withdrew, as shown in Table 2.

Table  3 shows baseline characteristics of all 
patient participants recruited. Baseline (week 0) 
measurements were performed 4 ± 2.5  days (mean, 
SD) after hospital admission.

Longitudinal outcomes of the non-weight bearing cohort

Clinical

The median (IQR) duration of acute hospital stay was 
12 (9–18) days. During the non-weight bearing period, 
most participants (31/50, 62%) were discharged from 
hospital to a care home rehabilitation facility: 3/50 

participants were discharged to care homes without 
dedicated rehabilitation: 1 participant went to stay 
with relatives: 3 remained in hospital for the follow-up 
period for administrative rather than clinical reasons: 
the remainder (12/50) returned home. The duration 
of the non-weight bearing period ranged from 27 to 
112 days according to clinical need.

Twelve of 50 (24%) participants were readmit-
ted to acute hospital during the study. Readmissions 
were due to infections (n = 6), delirium (n = 2), venous 
thromboembolism (n = 2), hip fracture (n = 1) and an 
elective surgical procedure (n = 1).

Five of the 50 participants died during the 16-week 
study period: four were classed as frail and died during 
the non-weight bearing period due to chest infections 
(n = 3) and metastatic cancer (n = 1). One was non-
frail and died at 15 weeks during attempted curative 

Table 1  The number of participants measured at each time point for the key muscle variables

Examples of explanations for missing data of individual muscle measurements: handgrip strength: hand arthritis. 1 participant had 
acute fractures of both arms. Knee extension strength: Handheld dynamometer is too uncomfortable for some participants, and they 
were unable to tolerate the measure. Lower limb oedema was a factor in their discomfort. Bioimpedance analysis: Machine would 
not record; the reasons for this were unknown, but in hindsight, strong emollient moisturisers on the skin may have contributed to 
conduction difficulties. 1 participant had a permanent pacemaker. Ultrasound (including MT, CSA and echogenicity): In participants 
with very high BMI levels, ultrasound scan could not be performed, or if performed, some of the images could not be interpreted—a 
limitation of this technique in the very obese participants. Between September 2019 and November 2019, the ultrasound machine 
stopped working and went for repair. Recruitment and study visits continued but without the ultrasound measurements. This contrib-
uted to missing baseline ultrasound measurements in some participants

Measure Baseline Week 1 Week 3 Week 6

Total participants 50 44 40 34
Handgrip strength 48 43 37 33
Knee extension strength 42 38 35 29
Bioimpedance analysis 49 42 40 32
Ultrasound muscle thickness (MT) 41 36 30 28
Ultrasound cross-sectional area (CSA) 38 34 32 25
Ultrasound echogenicity 39 37 32 29

Table 2  Comparisons 
of baseline parameters 
between participants 
who completed the study 
with a week 16 visit with 
those who withdrew 
before 16 weeks. Unless 
stated, values are given 
as mean ± SD. Statistical 
significance p < 0.05

Characteristic Week 16 visit (n = 28) Withdrawal before 
week 16 (n = 22)

p value

Age, years 85.2 ± 7.3 82.4 ± 7.0 0.164
Frail (n, %) 16 (57%) 12 (55%) 0.854
Barthel Index 16.6 ± 2.9 15.8 ± 3.6 0.421
Handgrip strength (kg) 10.0 ± 5.6 9.2 ± 6.7 0.657
Knee extension strength (kg) 4.1 ± 1.5 5.0 ± 1.6 0.096
Muscle thickness (cm) 1.47 ± 0.53 1.32 ± 0.42 0.329
Cross-sectional area  (cm2) 8.94 ± 5.05 9.32 ± 4.85 0.816
Skeletal mass index (kg/m2) 6.76 ± 1.36 6.92 ± 1.59 0.702
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surgery for a new cancer. Eight of the 50 participants 
changed residence permanently to a care home. 31/50 
were living at home, with 11/31 having a known new 
or increased level of home care. Residential outcomes 
at 16 weeks were unknown for 6/50.

Twenty-eight participants had a week 16 visit. 14/28 
(50%) had increased use of mobility aids from pre-frac-
ture, and there was a significant increase in dependency 

from pre-fracture to 16 weeks (n = 28, median Barthel 
Index (BI) 17.5 (IQR 15–18) at baseline to 14.5 (IQR 
9–17) at week 16, p < 0.001). Smaller baseline VLMT 
and VLCSA were associated with increased depend-
ency (decrease in BI from 0 to 16 weeks). There was 
no association between baseline handgrip or knee 
extension strength with decrease in BI, as shown in 
Table 4.

Table 3  Participant 
characteristics at baseline

* One participant with multiple fractures (left distal femur, left distal forearm and right humerus) not 
classified

Variable Total cohort, n = 50

Age in years (mean, SD) 84.0 ± 7.1
Female gender (n, %) 44 (88%)
Number of comorbidities (mean, SD) 6.4 ± 2.7
Number of medications (mean, SD) 6.6 ± 3.1
History of a previous fracture (n, %) 26 (52%)
History of cognitive impairment (n, %) 12 (24%)
FRAIL scale (n, %)

  Frail: 3–5 28 (56%)
  Pre-frail: 1–2 18 (36%)
  Robust: 0 4 (8%)

Mobility aid pre-fracture (n, %)
  Independent, no aids 11 (22%)
  Handheld or walking stick 7 (14%)
  2 walking aids (sticks or crutches) 4 (8%)
  Walking fame 27 (54%)
  Wheelchair 1 (2%)

Barthel Index pre-fracture (n, %)
  Independent: 20 7 (14%)
  Mild dependence: 15–19 32 (64%)
  Moderate dependence: 10–14 8 (16%)
  Severe dependence: < 10 3 (6%)

Residential status pre-fracture (n, %)
  Living alone 27 (54%)
  Living with spouse or partner 16 (32%)
  Living with other family member 7 (14%)

In receipt of formal home care pre-fracture (n, %) 20 (40%)
Fracture site (n)*

  Periprosthetic hip 6
  Distal femur 4
  Periprosthetic knee 5
  Patella 1
  Tibia ± fibula 23
  Humerus 7
  Distal forearm 3
  Underwent operative fixation (n, %) 17 (34%)
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Strength, body composition and muscle parameters

There was no statistically significant temporal effect 
of immobility on handgrip strength, knee extensor 
strength, VLMT, VLCSA or SMI from weeks 0 to 6, 
as shown in Fig. 2. Effect size results between week 
0 and week 6 for each measure are given in Table 5. 
There was no correlation between change in any mus-
cle measure from week 0 to week 6 and change in 
Barthel Index at 16 weeks, as shown in Table 6.

Table 4  Spearman correlation coefficients between change in 
Barthel Index (BI) from week 0 to week 16 and muscle meas-
ures at baseline. Statistical significance p < 0.05, highlighted 
by p values in bold

Muscle measure n Correlation 
coefficient

p value

Handgrip strength 27 0.17 0.40
Knee extension strength 24 0.30 0.16
VL muscle thickness 24 0.51 0.01
VL cross-sectional area 23 0.58  < 0.01

Fig. 2  Percentage change across the time points in measures 
of VL muscle thickness (A), handgrip strength (B), appendicu-
lar skeletal mass index (SMI) using bioimpedance analysis (C), 
VL cross-sectional area (D), knee extensor strength (E) and 

echogenicity (F). Results of the repeated measures analysis 
are shown. There were no statistically significant differences 
(p < 0.05) in the percentage change between the different time 
points for any measure. Values mean ± standard deviation

Table 5  Effect size results 
of mean difference and 
95% confidence intervals 
in the percentage change 
for each measure between 
week 0 and week 6 as part 
of the repeated measures 
analysis with a Bonferroni 
correction. Statistical 
significance p < 0.05

Muscle measure n Mean difference between 
% change week 0 to week 
6

95% confidence 
interval for mean dif-
ference

p value

Handgrip strength 27 12.07  − 25.99, 50.12 1.00
Knee extension strength 16 11.21  − 20.80, 43.22 1.00
VL muscle thickness 19  − 9.60  − 21.96, 2.75 0.20
VL cross-sectional area 15  − 4.22  − 18.27, 9.83 1.00
Skeletal muscle index by BIA 26 1.56  − 8.31, 11.42 1.00
Echogenicity 19  − 2.04  − 18.77, 14.68 1.00
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Table 6  Spearman 
correlation coefficient 
between absolute change in 
muscle measure from week 
0 to week 6 and change in 
Barthel Index from week 
0 to week 16. Statistical 
significance p < 0.05

Muscle measure n Absolute change week 6 (correla-
tion coefficient)

p value

Knee extension strength 22 0.18 0.42
Handgrip strength 25 0.39 0.06
VL muscle thickness 19 0.13 0.59
VL cross-sectional area 16 0.18 0.49
Echogenicity 14 0.39 0.17
Skeletal muscle index by BIA 25 0.09 0.67

Table 7  Characteristics of subgroup of non-weight bearing 
participants and healthy volunteers. Only female participants 
were included in this comparison to prevent confounding due 
to large differences in muscle parameters between genders. 

Data are presented mean ± SD unless otherwise stated. Per-
centage differences between mean values are presented. Sta-
tistical significance set at p < 0.05, highlighted by p values in 
bold font

a Total n = 35 (1 participant unable to perform as had acute fractures in both arms), btotal n = 35 (1 participant unable to perform as 
had acute fractures in both legs), ctotal n = 35 (1 participant measure contraindicated due to permanent pacemaker), dtotal n = 33, 
etotal n = 30

Characteristics Sub-group of non-weight 
bearing participants 
(n = 36)

Healthy older 
volunteers 
(n = 11)

p value Percentage 
difference

Age (years) 83.9 ± 7.4 77.5 ± 6.1 0.016
Age range (years) 70–99 70–89
Number of comorbidities (median and IQR) 6 (4–8) 3 (0–4)  < 0.001
Previous post-menopausal fractures (no. of participants and %) 20 (67%) 4 (36%) 0.265
Number of medications (median and IQR) 6 (3–7) 2 (1–4) 0.025
Use of walking aid (n, %) 26 (72%) 0  < 0.001
FRAIL scale (n, %)

  Robust
  Pre-frail
  Frail

4 (11%)
14 (39%)
18 (50%)

11 (100%)
0
0

 < 0.001

Muscle strength measures
  Handgrip strength (kg) 8.94 ± 4.9a 19.9 ± 5.8  < 0.001 76.0%
  Knee extension strength (kg) 4.5 ± 1.5b 7.8 ± 1.3  < 0.001 53.7%

Body composition including BIA
  Body mass index (kg/m2) 24.4 ± 5.7 25.0 ± 2.8 0.632
  Body fat percentage 37.4 ± 7.5c 36.2 ± 6.2 0.639 3.2%
  Appendicular skeletal muscle mass index (ASMI) (kg/m2) 8.47 ± 3.50c 8.01 ± 0.64 0.467 5.6%

VL Muscle ultrasound parameters
  Muscle thickness (cm) 1.38 ± 0.47 1.75 ± 0.29 0.005 23.6%
  Muscle cross-sectional area  (cm2) 8.92 ± 4.37d 13.35 ± 3.97 0.005 39.8%
  Echogenicity (greyscale units) 98.4 ± 20.5e 68.7 ± 14.1  < 0.001 35.5%
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Comparison with healthy volunteers

Eleven healthy older female volunteers were recruited 
for the cross-sectional sub-study comparison. Charac-
teristics were compared with baseline measures from 
36 female participants in the cohort study who had 
ultrasound data for muscle thickness in Table 7. The 
patient group were older and more comorbid, took 
more medications, were more likely to use a walking 
aid, and to be frail before their injury.

Table 7 shows that the patient group were weaker 
(percentage differences HGS: 76.0%, KES: 53.7%) 
and had smaller VL muscle size (percentage differ-
ences MT: 23.6%, CSA: 39.8%), even though body 
composition as determined by BIA was similar 
between the two groups. Muscle echogenicity at base-
line was greater in the patient group.

Differences between the groups in muscle size 
(MT and CSA) were no longer significant after con-
trolling for age but patients were still more likely to 
have lower handgrip strength (OR 0.68 (0.51–0.91, 
95%CI), p = 0.009), lower knee extension strength 
(OR 0.25 (0.10–0.68, 95%CI), p = 0.006) and 
greater echogenicity (OR 1.11 (1.03–1.21, 95%CI), 
p = 0.009) than controls.

Discussion

A major novel finding of this study is that muscle 
quantity and strength did not decline significantly in 
older patients who were immobile after non-weight 
bearing fracture. However, the patients did expe-
rience poor outcomes including death, increased 
dependency, institutionalisation and reduced mobility. 
At baseline, patients were frailer and weaker and had 
smaller muscle size than healthy volunteers.

A key strength in this study was longitudinal 
design with repeated measures. We are not aware of 
any previous study performing repeated muscle mor-
phometry and functional measures during immobil-
ity in an older population with fragility fractures. 
Although there was an age difference between the 
two groups in the comparative analysis, this was 
accounted for in the analysis The main limitations 
arise from the modest sample size and losses to fol-
low up. These highlight the ‘real world’ challenge 
faced when performing research among hospitalised 
older people, both for recruitment and in retention, 

at a time when participants were undergoing acute 
and potentially life changing events including care 
home admission, which can be a substantial stressor 
[24, 25]. Reduced sample size could have introduced 
ascertainment bias, reduced the power and precision 
of the results and rendered some subgroup analyses 
(including differences in gender, frailty and frac-
ture location) impossible. The differences between 
healthy older volunteers and patients could partly 
be due to acute wasting in the mean 4  days from 
injury to recruitment, and we could have missed a 
short-lived acute sarcopenic effect in the longitudinal 
analysis.

The stability of muscle size and strength during 
the immobile period was contrary to expectations [6, 
26–30], especially as muscle protein breakdown is 
known to be accelerated by hypercortisolaemia sec-
ondary to injury and illness [31]. In 2 weeks of immo-
bilisation, healthy volunteers have been shown to lose 
30% of muscle strength and 5% of muscle mass [32]. 
While longitudinal studies of healthy volunteers have 
shown 30–35% relative loss in –muscle strength and 
15–18% loss in muscle size with 120 days of bedrest 
[8]. Our findings are not, however, without precedent. 
Preservation of handgrip strength and muscle mass 
has been observed in older people during acute hospi-
talisation [29, 33, 34].

The lack of detectable muscle losses in the older 
patients may be due to the much lower baseline mus-
cle values of the patient group, as demonstrated with 
the healthy older group comparisons. Comparable 
values with the mean VLMT and handgrip strength in 
the patient group have been reported in older people 
with mobility impairments [35] and hip fractures [36] 
respectively. We think it likely that participants in our 
study, being frail, had already developed severe sar-
copenia with weak and wasted muscles prior to their 
fracture. This was probably a significant risk factor 
for suffering their fragility fracture [1, 37]. Interven-
tion strategies targeting musculature before sarcope-
nia develops will be important.

In addition to age-related sarcopenia, comorbidi-
ties and possible sedentary behaviour prior to fracture 
may be mechanisms that contributed to baseline mus-
cle loss. It is possible that muscle wasting and weak-
ness is finite so that there may have been little scope 
for patients to become more sarcopenic. The behav-
iour of muscle at the severe sarcopenic extreme and in 
those with frailty needs further study, as this research 
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raises the possibility of altered muscle behaviour at 
these extremes.

Poor clinical outcomes observed in the patient 
group including the development of disability were 
not explained by loss of muscle size and strength and 
so must have other explanations. Pain, psychological 
factors, disabling environments and practices may be 
the key processes [13]. Thus, rehabilitation strategies 
provided alongside meaningful and extended inter-
ventions sufficient to reverse frailty are likely to be 
required to make a substantial clinical impact on the 
outcomes of this patient group.
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