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The hallmark symptom of sarcopenia is the loss of muscle mass and strength without 
the loss of overall body weight. Sarcopenia patients are likely to have worse clinical out-
comes and higher mortality than do healthy individuals. The sarcopenia population 
shows an annual increase of ~0.8% in the population after age 50, and the prevalence 
rate is rapidly increasing with the recent worldwide aging trend. Based on International 
Classification of Diseases, Tenth Revision, a global classification of disease published by 
the World Health Organization, issued the disease code (M62.84) given to sarcopenia in 
2016. Therefore, it is expected that the study of sarcopenia will be further activated 
based on the classification of disease codes in the aging society. Several epidemiological 
studies and meta-analyses have looked at the correlation between the prevalence of 
sarcopenia and several environmental factors. In addition, studies using cell lines and 
rodents have been done to understand the biological mechanism of sarcopenia. Labora-
tory rodent models are widely applicable in sarcopenia studies because of the advan-
tages of time savings, cost saving, and various analytical applications that could not be 
used for human subjects. The rodent models that can be applied to the sarcopenia re-
search are diverse, but a simple and fast method that can cause atrophy or aging is pre-
ferred. Therefore, we will introduce various methods of inducing muscular atrophy in ro-
dent models to be applied to the study of sarcopenia.
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INTRODUCTION

Sarcopenia is a degenerative disease in which the mass, quality, and strength of 
skeletal muscle are lost by aging.[1] The sarcopenia population shows an annual 
increase rate of ~0.8% in the population after the age of 50, and the prevalence 
rate is rapidly increasing with the recent worldwide aging trend.[2] Based on In-
ternational Classification of Diseases, Tenth Revision, a global classification of dis-
eases published by the World Health Organization, issued the disease code (M62.84) 
given to sarcopenia in 2016.[3] 

Although the study of sarcopenia has been active for a long time, it is expected 
that such study will be further activated based on the classification of disease 
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codes in the aging society. The study of sarcopenia can be 
largely divided into epidemiologic studies, meta-analyses, 
and experimental studies based on human and rodent in-
terventions. Epidemiologic studies and meta-analyses fo-
cus on the study of the prevalence of sarcopenia and the 
interrelationship between environmental factors. These 
studies have demonstrated that muscle mass decreases 
with aging, which leads to physical disability,[4] and that 
in a highly active population, loss of muscle mass may not 
be as important as strength loss for predicting functional 
decline.[5] In experimental studies, research on the effects 
of exercise and dietary interventions and drug therapy on 
humans [6,7] and rodents has been done.[8] However, many 
studies have sought to understand the biological mecha-
nism of sarcopenia based on molecular biological methods 
rather than on human studies. Thus, in vitro studies using 
cell lines and rodent studies are also being conducted.[9-11]

Because of the advantages of saving time and cost and 
of using various analytical applications than cannot be 
used in human studies, laboratory rodent models can be 
widely used in sarcopenia studies. However, the causes of 
sarcopenia are very diverse, and it is very important to se-
lect an appropriate rodent model according to the research 
purpose. The rodent models that can be applied to the sar-
copenia research are diverse, but a simple and fast method 
that can cause atrophy or aging is preferred. Therefore, we 
will introduce various methods of inducing muscle atrophy 
in rodent models to be applied to the study of sarcopenia 
(Fig. 1).

AGED-RODENT MODEL 

Aged rodents have been widely used for studying sarco-
penia (Table 1). Aged-rodent models are the most natural 

Fig. 1. Rodent model of muscular atrophy for sarcopenia study.
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model and have several advantages compared to other 
sarcopenia models, including hindlimb unloading (HU) 
and disuse atrophy models. Aged rodents have morbidi-
ties and mechanisms fairly similar to those found in hu-
man sarcopenia patients, but the high cost and limited 
availability of aged rodents make the use of this model 
somewhat difficult.[12]

Female C57BL/6J mice developed sarcopenia with sig-
nificant loss of quadriceps muscle mass by 24 months that 
was more pronounced by 27 to 29 months,[13] at a time 
when there is denervation and altered neuromuscular junc-
tions (NMJ) morphology of myofibers.[14] Insulin-like growth 
factor-1 (IGF-1) signaling is a central regulator for protein 
metabolism and maintenance of normal muscle mass,[13,15] 
and key molecules of this signaling pathway are also im-
portant in aging skeletal muscles. Aging is closely related 
to a decrease in insulin sensitivity, which can impair IGF-1 
activity. However, binding of muscle IGF-1 to the IGF-1 re-
ceptor through an intracellular signaling pathways involv-
ing tyrosine kinase activity may exerts an anti-apoptotic 
effect and reduce muscle atrophy via phosphatidylinositol 
3-kinase (PI3K)-dependent Akt-dependent phosphoryla-

tion.[16] Gait characteristics were also changed in aged 
mice. Compared to young mice (3 months old), aged mice 
(24 months old) exhibited significantly decreased cadence, 
increased stride-time variability, and altered footfall pat-
terns.[17]

The aged-rat model also showed patterns of muscle de-
crease similar to those of an aged-mouse model. Old male 
Wistar Han rats (19 months old) decreased body weight by 
1.8±0.9%, lean body mass by 0.3±1.0%, and fat mass by 
13.0±3.0% for 4 weeks.[18] Because high calorie intake is 
known to accelerate the setup of sarcopenia, some studies 
gave a high-fat diet to animals.[19,20] When Sprague–Daw-
ley rats were fed a high-fat diet at 6 months old, a loss of 
muscle cross-sectional area was observed in males at 16 
months of age. But female rats were resistant to sarcope-
nia induced by a high-fat diet.[21] Hence males seem sus-
ceptible for lipotoxic properties, and gender difference 
should be considered in this condition. The loss of muscle 
mass in the rat fed a high-fat diet is not because of reduc-
tion of the Akt pathway or an upregulation of the ubiquitin 
proteasomal degradation of muscle protein, because of 
unchanged expression of the main ubiquitin ligases of 

Table 1. Aged-rodent models that applicable for study on sarcopenia, and key findings from individual studies

References Strain Intervention/ 
phenotype

Age at sacrifice 
(month) Checked variable/key findings

Shavlakadze and Grounds [13], Chai et al. 
[14], Schiaffino and Mammucari [15],  
Tarantini et al. [17]

C57BL/6 mice Natural aging 24-29 NMJ morphology of myofibers, lower IGF-1 in 
aged mice, poor gait characteristics in aged 
mice

Pötsch et al. [18] Wistar Han rats Natural aging 19 Decreased body weight, LBM and fat mass in 
aged rats

Kob et al. [21] SD rats Aged with HFD 16 Loss of muscle cross-sectional area in male rats 
(female was resistant to HFD)

SD, Sprague-Dawley; HFD, high-fat diet; NMJ, neuromuscular junction; IGF-1, Insulin-like growth factor-1; LBM, lean body mass. 

Table 2. Hindlimb unloading rodent models that applicable for study on sarcopenia, and key findings from individual studies

References Strain Intervention/phenotype Age at sacrifice Checked variable/key findings

Deavers et al. [27] SD rats Head-down suspension with 
single hindlimb support

7 days Lower muscle mass-to-body mass in soleus,  
plantaris and gastrocnemius

Halloran et al. [32] SD rats Tail traction with tape 4 weeks Bone formation and apposition rate were low in 
tibiofibular junctions of unloaded rats

Fell et al. [33] SD rats Whole-body suspension with 
hindlimd-load bearing

1 week Muscle atrophy significantly increases fatigability 
in gastrocnemius

Fitts et al. [34] SD rats HS, HI 2 weeks HS produced increases in muscle shortening.  
HI did not differ in muscle shortening

Jaspers and Tischler [35] SD rats Hindlimb tail-cast suspension 6 days Six days is the optimum duration for muscle  
unloading studies

SD, Sprague-Dawley; HS, hindlimb suspension; HI, hindlimb immobilization.
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muscle, muscle atrophy F-box (MAFbx) and muscle RING-
finger protein-1 (MuRF-1).[22] 

MUSCLE ATROPHY INDUCTION MODEL

1. Hindlimb unloading 
The rodent HU model was originally devised to investi-

gate the astronauts’ musculoskeletal response to weight-
lessness or low-gravity conditions and has since been wide-
ly used as a muscle-wasting model mimicking the condi-
tion of muscle-wasting disease, inactivity, bed rest, and im-
mobilization (Table 2).[23] Since weightlessness has been 
predicted to yield deficits in the principal tissues needed 
for structure and movement on Earth, primarily muscle 
and bone, the National Aeronautics and Space Administra-
tion (NASA) Ames Research Center (ARC) set up the HU mod-
el to study the mechanisms, responses, and treatments for 
the adverse consequences of spaceflight in the mid-1970s. 
After inception of the HU model at NASA, many laborato-
ries have used the HU model to simulate weightlessness 
and subsequently used it as a muscle-wasting model. Since 
the standard operating procedure for applying the HU mod-
el to young and adult rodents was updated and approved 
by the NASA ARC Institutional Animal Care and Use Com-
mittee on August 8, 2001, more than 1,500 papers have 
published data that used this model system.[24] 

The primitive HU model tested in 1975 was very simple, 
but led to suggestions for modifications ultimately incor-
porated into succeeding designs. The first HU model de-
scribed in a full-length paper in 1979 used a hexcelite back 
harness and a cantilevered rotating beam that allowed the 
head-down animal to move in a 360° arc.[25] Data were 
compared with the weight and bone changes found in the 
Cosmos 782 and 936 biological satellites, and the author 
concluded that the changes of body weight, food consump-
tion, and bone-formation rates in HU rats were very similar 
to spaceflight. So the HU model closely mimics results from 
rat and man exposed to near-weightlessness during orbital 
spaceflight and will allow preliminary answers to questions 
posed by spaceflight experiments.

Musacchia and colleagues used a modified first HU mod-
el.[26] In this model, they used a denim harness and a ro-
tating beam that allowed the animal to move in a 140° arc. 
Body weight and food consumption in the HU rats were 
significantly less than those of the control group, and the 

animals exhibited adrenal hypertrophy at the end of the 
7-day experiment. The authors concluded that the muscle 
changes were similar to those found during spaceflight 
and recovery from spaceflight. To find out whether the 
cephalad fluid shift contributed to changes in metabolism, 
Deavers and colleagues included a horizontal control and 
found that the head-down position was required for the 
diuresis and natriuresis that occurred during HU.[27] Stump 
and colleague [28] modified the model to measure muscle 
changes and blood flow. Deavers et al. [27] and Bouzeghrane 
et al. [29] advocated for a horizontal control, particularly for 
studies investigating fluid shifts. Hargens and colleagues 
[30] addressed the importance of the unloading angle. 
They found that the angle of unloading determined the 
amount of weight supported by the forelimbs as well as 
the tension applied to the tail, and showed that the HU rat 
applies 50% of its body weight to its forelimbs when the 
angle between the torso and the floor of the cage is 30°. 
As the angle increased, mechanical loading of the fore-
limbs declined and traction on the tail increased. If the an-
gle was too steep, then the animals appeared stressed. A 
30° angle of unloading was recommended, because it pro-
vided normal weight bearing on the forelimbs, unloaded 
the lumbar vertebrae but not the cervical vertebrae,[31] 
and induced a cephalad fluid shift.[30] 

The HU model has not changed conceptually from the 
beginning. Data from all laboratories that used the model 
showed differential muscle atrophy, a cephalad fluid shift, 
animals having the freedom to move, eat, and groom with 
the forelimbs, and unloading of the hindlimbs without pa-
ralysis so that animals could recover from unloading. How-
ever, the harness system and degree of mobility differed 
significantly between laboratories. One problem possibly 
related to these differences was the reduced weight gain 
in growing rats or weight loss in adult animals that persist-
ed throughout the experimental period. Harnesses tested 
at ARC included a combination of elastic and Velcro straps 
and hexcelite bonded with an epoxy resin to the back of 
the rat.[25] Each of these harnesses was only partially suc-
cessful, and less stressful harness designs were sought. The 
concept of a tail harness originated with our Russian col-
leagues, who used a plaster of Paris mold for tail traction. 
In the early 1980s, orthopedic surgeons from the Universi-
ty of Southern California toured our laboratory and recom-
mended that the tail cast be replaced with the tape that 
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they used for placing human limbs in traction. Traction 
tape could be applied to an unanesthetized animal and 
would allow the tail to grow without restriction. In fact, the 
body weights of growing rats unloaded with the use of tail 
traction remained comparable to those of controls fed the 
same amount of food (i.e., group-mean-fed controls), in 
contrast to rats unloaded with the use of back harnesses. 
Tail traction appears to be less stressful to animals than are 
whole-body harnesses, as assessed by corticosterone lev-
els and adrenal, thymus, and body weights.[32] 

Unlike other rat models, the HU model did not require 
confinement of animals in small cages, limb casting, or flac-
cid paralysis by nerve section or surgical tenotomy. None 
of these techniques produced the differential muscle atro-
phy characteristic of spaceflight, i.e., a decreased in mass 
of the extensor muscles but not of other muscles associat-
ed with movement. In addition, recovery from disuse was 
difficult or impossible with the existing surgical models. 
But the many studies that used the HU model clearly showed 
that independent variables can influence results obtained 
and, ultimately, the analog’s validity in terms of understand-
ing the mechanisms and physiological responses to space-
flight. Additional HU variables known to influence experi-
mental results include age (growing vs. adult), sex, species 
(rat vs. mouse), and strain.

Chronic hindlimb suspension (HS) (unweighting) has 
been shown to limit growth and result in significant losses 
in hindlimb muscle mass, slow-twitch properties, and show 
myosin content.[33-37] This loss in muscle mass is more 
extensive in those muscles predominantly composed of 
slow-twitch (type I) fibers.[33,35,36,38] Although weight-
bearing activity (mechanical stress) appears to be a prima-
ry factor in maintaining muscle weight in the context of 
HS,[37] evidence is lacking as to whether anabolic steroid 
treatment can serve as an independent stimulus to pre-
serve muscle weight in the absence of weight-bearing ac-
tivity.

2. Denervation model
It is thought that complex degeneration of the neuro-

muscular system contributes to dynapenia.[2,39-42] Neu-
romuscular changes contributing to myofiber denervation 
occur within the central and peripheral nervous systems as 
well as within skeletal muscle tissue. Changes include di-
minished function or loss of neurons in the brain and spi-

nal cord, demyelination of nerves, and progressive degen-
eration of NMJs.[43,44] Skeletal muscle denervation, caused 
by such problems as traumatic peripheral nerve injury, dis-
ease, pharmacologic intervention, and aging (Table 3), di-
minishes the function leads to immediate muscle atrophy.
[14,45,46] Early muscle atrophy could be restored by a time-
ly and appropriate reinnervation occurrence, but without 
one, myofiber atrophy progresses to irreversible changes 
in the muscle with muscle fibrosis and myofiber death.[47, 
48] Denervation is a common phenomenon in an aged 
NMJ. The tibial- or sciatic-nerve transection model to in-
duce the denervation is commonly employed and a well-
validated model in rodents. Only a single dose of analgesic 
is necessary in the immediate postoperative period. With 
the use of proper sterile technique, soft-tissue infection is 
rare.[49] This model allows the investigator to use geneti-
cally engineered mice to study the process of muscle atro-
phy in vivo in the absence of proteins crucial to the regula-
tion of muscle mass.[50,51] 

The tibial-nerve transection model is a validated, repro-
ducible, and well-tolerated model of denervation-induced 
skeletal muscle atrophy in rodents, and is used to study 
the physiologic, cellular, and molecular biologic mecha-
nisms that underlie muscle atrophy in vivo in the gastroc-
nemius and soleus muscle. The tibial nerve is a mixed mo-
tor-sensory peripheral nerve in the rodent hindlimb and is 
1 of the 3-terminal branches of the sciatic nerve. Transec-
tion of the tibial nerve denervates the gastrocnemius, so-
leus, and plantaris muscles (and the 3 small deep flexor 
muscles of the foot, including the tibialis posterior, flexor 
digitorum longus, and flexor hallicus longus), and is a well-
standardized and validated model in rats.[52,53] Also, vari-
ous knockout (KO) and transgenic (Tg) mice allow us to as-
sess the specific functions of proteins in the induction, de-
velopment, and maintenance, or alternatively the resolu-
tion of muscle atrophy and fibrosis in vivo in this model. 
The tibial nerve supplies the gastrocnemius, soleus, and 
plantaris muscles, so its transection permits the study of 
denervated skeletal muscle composed of fast twitch (type 
II) fibers and/or slow twitch (type I) fibers. The gastrocne-
mius muscle is a mixed-fiber muscle (type I and type II, al-
though predominantly type II), and the soleus muscle is 
composed of a large proportion of type I fibers, thereby 
providing both fast- and slow-twitch muscles for assess-
ment.[54,55] The tibial-nerve transection model is suitable 
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for studying the process of denervation-induced muscle 
atrophy in both the short term (days) [50] and long term 
(weeks to months).[51,52] 

The gastrocnemius and soles muscles, both deserved in 
denervation model, can be easily and rapidly dissected 
with minimal handling, thus providing excellent-quality 
mRNA and protein for subsequent molecular analyses. 
Similarly, because of the size of the muscles, they can be 
split, providing tissue from the same animal for concomi-
tant histologic and morphometric analyses. If hindlimb 
functional assessment is required, walking-track analysis 
can be serially done. The feet are dipped in ink, and the 
mouse is walked through an enclosure with paper on the 
bottom. Characteristics of the prints can be reliably mea-
sured and scored to indicate the extent of neuromuscular 
disability and gait compromise, since footprint characteris-
tics reflect the functional muscle groups.[56,57] Although 
originally developed and validated in rats,[56] walking-
track analysis can also be used with mice.[58]

The tibial nerve of only one hindlimb is transected, and 
since mice bear weight almost equally on both hindlimbs, 
the musculature from the contralateral un-operated limb 
can be used as an internal control within each animal.[50, 
51,59,60] This is not necessarily the case in the sciatic tran-
section model, where more significant abnormalities of 
gait can induce a hypertrophic response in the contralater-
al limb muscle. In the tibial-nerve transection model, we 
typically use the gastrocnemius and soleus muscle from 
the un-operated limb as our control muscle.[50,51] If the 
investigator chooses to use separate animals from which 
to harvest control muscle, then sham surgery should be 
performed. Sham surgery would consist of the administra-
tion of anesthesia, splitting of the skin to expose the tibial 
nerve, but no transection. The skin would simply be closed 
following nerve exposure. 

Although tibial-nerve transection does induce sensory 
paraesthesia on the plantar aspect of the foot, the mice 
must be inspected daily for signs of auto-mutilation, heel 
pressure ulcers, or point-of-care endpoints. Although we 
have negligible mortality with the model, we find that ap-
proximately 2% to 5% of mice must be euthanized be-
cause of self-inflicted injury to, or pressure ulcers develop-
ing on, the operated hind limb. Sciatic-nerve ligation as 
well as the spared nerve injury model of ligation (where 
the tibial and common peroneal branches of the sciatic are Re
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ligated, but the sural is left intact) serve as models of neu-
ropathic pain.[61,62] Thus, allodynia and thermal hyperal-
gesia could occur in the foot in our model as well, but we 
have not seen overt pain behavior in the mice with normal 
daily activity on soft bedding.

One of the leading theories on mechanisms underlying 
age-related muscle denervation points to oxidative stress.
[63-65] Reactive oxygen species (ROS) are natural byprod-
ucts of mitochondrial activity involved in respiration and 
energy production. ROS-mediated oxidative damages to 
DNAs, proteins, and lipids are normally kept in check by 
antioxidants. However, excessive ROS production can over-
whelm the antioxidant defense, leading to increased oxi-
dative damage of cellular machinery. Two mouse models, 
one lacking the Cu/Zn superoxide dismutase (Sod1) gene 
and another harboring the Tg mutant human SOD1 gene, 
display progressive changes at the NMJ, including muscle-
endplate fragmentation, nerve-terminal sprouting, and 
denervation. These changes at the NMJ share many of the 
common features observed in the NMJs of aged mice.[66] 
SOD1 is a cytoplasmic antioxidant enzyme involved in the 
scavenging of superoxide free radicals. Mice lacking the 
SOD1 enzyme (Sod1-/- mice) show increased oxidative dam-
ages to proteins, lipids, and DNAs.[67] In addition, these 
mice display progressive muscle denervation, weakness, 
and loss, changes seen despite the absence of a spinal cord 
motor neuron and ventral root axon loss.[68-70] NMJ de-
nervation and sprouting are observed in these mice at be-
tween one and 4 months of age and precede muscle loss, 
[69,70] which is observed at between 3 and 4 months of 
age.[67] Furthermore, muscle denervation and loss are 
greater in the gastrocnemius and tibialis anterior com-
pared to the soleus.[67,69,70] The G93A SOD1 mouse line 
Tg for SOD1 containing a point mutation at amino acid po-
sition 93 (G ->  A) present in patients with familial amyo-
trophic lateral sclerosis. G93A SOD1 mice recapitulate many 
of the pathological hallmarks of amyotrophic lateral scle-
rosis, such as progressive muscle weakness and denerva-
tion, motor neuron loss, and paralysis.[71-73] It has been 
demonstrated that muscle denervation is observed as ear-
ly as at 47 days of age in these mice [74-77] and precedes 
both motor neuron loss,[62,63] and muscle atrophy.[78,79] 
These characteristics are similar to those observed in the 
rodent models of aging [14,80] as well as in Sod1-/- mice.
[69,70] 

3. Immobilization
Immobilization-induced skeletal muscle atrophy is char-

acterized by a decrease in muscle mass and an increase in 
the risk of debilitating diseases and orthopedic problems 
(Table 4). The cast immobilization is the most frequently 
used model for studying muscle atrophy because it simu-
lates conditions after fractures that require casts and wrap 
the leg with a plaster bandage or spiral wire; so this model 
can mimic prolonged immobilization.[12] The cast immo-
bilization model may prove useful in studies on therapeu-
tic interventions of muscle atrophy using Tg and mutant 
mouse strains.[81] This model could also evaluate the mus-
cle loss, because muscles that are fixed in a contracted state 
show greater atrophy than do stretched muscle.[82] How-
ever, this model is time consuming, needs some skill, and 
may cause adverse events, including skin injury, local ede-
ma or necrosis, probably because of the retention of urine 
by the cast, and problems of escaping from the cast; so it 
requires experience, frequent observation, and replace-
ment.[83-85] There are several methods for construction of 
a cast immobilization model. The traditional method is us-
ing the plaster cast on a unilateral or bilateral hindlimb.
[86-91] After anesthesia, one or both hindlimbs was im-
mobilized with a plaster cast and monitored on a daily ba-
sis for chewed plaster cast, abrasions, and problems with 
ambulation. Some modified methods have also been de-
veloped. Onda and colleagues used steel bonsai wire, which 
enables repeated direct access to the immobilized muscle 
and allows concurrent application and assessment of vari-
ous therapeutic interventions.[92] In this study, the weight 
of the soleus and planters muscles were decreased signifi-
cantly in both bilateral and unilateral immobilization and 
the mRNA expression of Fbxo32 (MAFbx [also known as at-
ropin-1] protein coding gene) and Trim63 (MuRF1 protein 
coding gene) were also decreased in both muscles.[92] 
Another group developed a Velcro immobilization method 
using the commercially available hook-and-loop fastener 
that is faster and has less adverse events than does cast 
immobilization. They insist that Velcro immobilization could 
substitute for cast immobilization and allow the immobili-
zation-intervention process to be repeated easily.[85] Spe
echt and colleagues explored disuse-induced muscle atro-
phy by using a unilateral casting model in conjunction with 
HS. They showed in the study that a 2-week HS resulted in 
a significant decrease in gastrocnemius and quadriceps 



Rodent Models for Sarcopenia Study

https://doi.org/10.11005/jbm.2020.27.2.97� https://e-jbm.org/    105

Ta
bl

e 
4.

 Im
m

ob
ili

za
tio

n 
m

od
el

s t
ha

t a
pp

lic
ab

le
 fo

r s
tu

dy
 o

n 
sa

rc
op

en
ia

, a
nd

 ke
y f

in
di

ng
s f

ro
m

 in
di

vid
ua

l s
tu

di
es

Re
fe

re
nc

es
St

ra
in

In
te

rv
en

tio
n/

ph
en

ot
yp

e
Ag

e 
at

 s
ac

rif
ic

e
Ch

ec
ke

d 
va

ria
bl

e/
ke

y 
fin

di
ng

s

M
ad

ar
o 

et
 a

l. 
[8

1]
M

al
e 

C5
7B

L/
6 

m
ic

e
Un

ila
te

ra
l h

in
dl

im
b 

im
m

ob
ili

za
tio

n
7 

da
ys

Si
gn

ifi
ca

nt
 re

du
ct

io
n 

in
 m

us
cl

e 
fib

er
 s

ize
 in

 b
ot

h 
th

e 
ED

L 
an

d 
TA

. E
xp

re
ss

io
n 

of
 th

e 
m

us
cl

e-
sp

ec
ifi

c 
ub

iq
ui

tin
 li

ga
se

s 
M

AF
bx

/A
tro

gi
n-

1 
an

d 
M

uR
F1

 g
en

es

He
rb

er
t a

nd
 B

al
na

ve
 

[8
2]

Fe
m

al
e 

N
ew

 Z
ea

la
nd

 
W

hi
te

 ra
bb

its
An

kl
e 

w
as

 im
m

ob
ili

ze
d 

in
 a

 p
la

st
er

 
ca

st
10

 d
ay

s
Im

m
ob

ili
za

tio
n 

in
 a

 s
ho

rte
ne

d 
po

si
tio

n 
w

as
 a

ss
oc

ia
te

d 
w

ith
 a

 s
ig

ni
fic

an
tly

 g
re

at
er

 
de

cr
ea

se
 in

 le
ng

th
 a

nd
 w

ei
gh

t, 
im

m
ob

ili
za

tio
n 

pr
od

uc
ed

 s
ig

ni
fic

an
t i

nc
re

as
e 

in
 th

e 
re

st
in

g 
st

iff
ne

ss
 o

f M
TU

Oh
m

ic
hi

 e
t a

l. 
[8

3]
M

al
e 

SD
 ra

ts
Hi

nd
lim

b 
CI

10
 w

ee
ks

 o
f e

le
ct

ric
al

 te
st

in
g 

an
d 

ob
se

rv
at

io
na

l s
tu

dy
 

w
ith

ou
t s

ac
rif

ic
e

CI
 in

du
ce

s 
is

ch
em

ia
/r

ep
er

fu
si

on
 in

ju
ry

 in
 th

e 
hi

nd
lim

b 
an

d 
co

ns
eq

ue
nt

 p
ro

du
ct

io
n 

of
 

ox
yg

en
 fr

ee
 ra

di
ca

ls
, w

hi
ch

 m
ay

 b
e 

in
vo

lv
ed

 in
 th

e 
m

ec
ha

ni
sm

 o
f w

id
es

pr
ea

d 
hy

pe
r-

pl
as

ia
 in

 c
hr

on
ic

 p
os

t-c
as

t p
ai

n 
ra

ts

Gu
o 

et
 a

l. 
[8

4]
M

al
e 

SD
 ra

ts
Ti

bi
a 

fra
ct

ur
e 

CI
4 

w
ee

ks
Ea

rly
 li

m
b 

m
ob

ili
za

tio
n 

af
te

r f
ra

ct
ur

e 
m

ay
 p

re
ve

nt
 th

e 
de

ve
lo

pm
en

t o
f c

om
pl

ex
 re

gi
on

 
pa

in
 s

yn
dr

om
e

Ai
ha

ra
 e

t a
l. 

[8
5]

M
al

e 
C5

7B
L/

6
CI

, V
I

2 
w

ee
ks

VI
 in

du
ce

d 
m

us
cl

e 
at

ro
ph

y 
to

 th
e 

sa
m

e 
ex

te
nt

 a
s 

CI
, b

ut
 in

 a
 s

ho
rte

r t
im

e 
an

d 
w

ith
 le

ss
 

co
m

pl
ic

at
io

ns

Bo
ot

h 
an

d 
Ke

ls
o 

[8
6]

 
M

al
e 

SD
 ra

ts
CI

4 
w

ee
ks

M
et

ho
ds

 fo
r p

ro
du

ct
io

n 
of

 m
us

cu
la

r a
tro

ph
y, 

ca
st

in
g 

is
 th

e 
le

as
t d

es
tru

ct
iv

e 
to

 th
e 

an
i-

m
al

. M
or

eo
ve

r, 
re

m
ov

al
 o

f a
 c

as
t m

os
t c

lo
se

ly
 a

pp
ro

xi
m

at
es

 th
e 

ph
ys

io
lo

gi
c 

si
tu

at
io

n 
in

 s
tu

di
es

 u
po

n 
th

e 
re

co
ve

ry
 fr

om
 m

us
cl

e 
at

ro
ph

y

W
ill

ia
m

s 
an

d 
Go

ld
sp

in
k 

[8
7]

12
9 

Re
 s

tra
in

 (m
ic

e)
On

e 
hi

nd
lim

b 
im

m
ob

ili
ze

d 
by

 m
ea

ns
 

of
 p

la
st

er
 o

f P
ar

is
 b

an
da

ge
 (h

el
d 

in
 

sh
or

te
ne

d 
po

si
tio

n)

4 
w

ee
ks

M
us

cl
es

 w
hi

ch
 h

av
e 

be
en

 im
m

ob
ili

ze
d 

in
 th

e 
sh

or
te

ne
d 

po
si

tio
n 

th
er

e 
ar

e 
qu

an
tit

at
iv

e 
an

d 
po

ss
ib

ly
 q

ua
lit

at
iv

e 
al

te
ra

tio
ns

 in
 th

e 
co

nn
ec

tiv
e 

tis
su

e 
w

hi
ch

 a
re

 li
ke

ly
 to

 re
su

lt 
in

 th
e 

re
du

ce
d 

el
as

tic
ity

 o
bs

er
ve

d 
in

 im
m

ob
ili

ze
d 

m
us

cl
es

W
ill

ia
m

s 
et

 a
l. 

[8
8]

M
al

e 
ra

bb
its

 o
f s

tra
in

 
N

ZW
Im

m
ob

ili
ze

d 
in

 a
 s

ho
rte

ne
d 

po
si

tio
n

7 
da

ys
Co

nn
ec

tiv
e 

tis
su

e 
ac

cu
m

ul
at

io
n 

th
at

 o
cc

ur
s 

in
 in

ac
tiv

e 
m

us
cl

e 
ca

n 
be

 p
re

ve
nt

ed
 e

ith
er

 
by

 p
as

si
ve

 s
tre

tc
h 

or
 b

y 
ac

tiv
e 

st
im

ul
at

io
n

W
ill

ia
m

s 
[8

9]
S/

Hy
 m

ic
e

On
e 

hi
nd

lim
b 

of
 e

ac
h 

an
im

al
 w

as
 

im
m

ob
ili

ze
d 

by
 m

ea
ns

 o
f p

la
st

er
 

of
 P

ar
is

 b
an

da
ge

 w
ith

 th
e 

an
kl

e 
ex

te
nd

ed
 (s

ol
eu

s 
m

us
cl

e 
sh

or
te

ne
d)

10
 d

ay
s

In
te

rm
itt

en
t s

tre
tc

h 
pr

ev
en

te
d 

th
e 

co
nn

ec
tiv

e 
tis

su
e 

ch
an

ge
s 

bu
t d

id
 n

ot
 p

re
ve

nt
 th

e 
re

du
ct

io
n 

in
 m

us
cl

e 
fib

er
 le

ng
th

, w
hi

ch
 it

se
lf 

re
su

lte
d 

in
 c

on
si

de
ra

bl
e 

lo
ss

 o
f r

an
ge

 o
f 

m
ot

io
n

Ze
m

ko
vá

 e
t a

l. 
[9

0]
M

al
e 

W
is

ta
rs

 ra
ts

Ri
gh

t H
I u

si
ng

 a
 c

as
t o

f p
la

st
ic

-li
ke

 
m

at
er

ia
l (

sh
or

te
ne

d 
po

si
tio

n)
7 

da
ys

In
 th

e 
ra

t s
ol

eu
s 

im
m

ob
ili

ze
d 

fo
r 7

 d
ay

s 
in

 th
e 

sh
or

te
ne

d 
po

si
tio

n,
 th

e 
m

us
cl

e 
m

as
s 

lo
ss

 
w

as
 g

re
at

er
 th

an
 th

e 
st

re
tc

he
d 

so
le

us
 a

nd
 s

ho
rte

ne
d 

ED
L

Ka
rp

ak
ka

 e
t a

l. 
[9

1]
M

al
e 

SD
 ra

ts
Ri

gh
t H

I w
ith

 p
la

st
er

 o
f P

ar
is

 (f
ul

l 
pl

an
ta

rfl
ex

io
n 

of
 a

nk
le

)
0,

 1
, o

r 3
 w

ee
ks

Im
m

ob
ili

za
tio

n 
ca

us
es

 o
pp

os
ite

 c
ha

ng
es

 in
 th

e 
en

zy
m

e 
ac

tiv
iti

es
, b

ut
 d

ue
 to

 th
e 

hi
gh

er
 

in
iti

al
 le

ve
l a

fte
r e

xe
rc

is
e 

pr
ot

oc
ol

, t
ra

in
in

g 
m

ay
 s

lo
w

 d
ow

n 
th

e 
de

ad
ap

tiv
e 

ch
an

ge
s 

ca
us

ed
 b

y 
di

su
se

 d
ur

in
g 

th
e 

fir
st

 w
ee

k 
of

 im
m

ob
ili

za
tio

n

On
da

 e
t a

l. 
[9

2]
C5

7B
L/

6 
m

ic
e

Sp
ira

l w
ire

 im
m

ob
ili

za
tio

n
3,

 5
, o

r 1
0 

da
ys

Th
e 

sp
ira

l w
ire

 im
m

ob
ili

za
tio

n 
m

od
el

 is
 m

or
e 

us
ef

ul
 th

an
 th

e 
co

nv
en

tio
na

l H
I m

od
el

Sp
ea

ch
t e

t a
l. 

[9
3]

C5
7B

L/
6J

 m
ic

e
HS

 a
nd

 c
as

tin
g

2 
w

ee
ks

Co
m

bi
na

tio
n 

of
 H

S 
an

d 
im

m
ob

ili
za

tio
n 

by
 c

as
tin

g 
ex

ag
ge

ra
te

s 
sa

rc
op

en
ia

 b
y 

st
im

ul
at

-
in

g 
au

to
ph

ag
y 

bu
t d

oe
s 

no
t w

or
se

n 
os

te
op

en
ia

SD
, S

pr
ag

ue
-D

aw
le

y;
 C

I, 
ca

st
 im

m
ob

ili
za

tio
n;

 V
I, 

Ve
lc

ro
 im

m
ob

ili
za

tio
n;

 E
DL

, e
xt

en
so

r d
ig

ito
ru

m
 lo

ng
us

; T
A,

 ti
bi

al
is

 a
nt

er
io

r; 
M

TU
, m

us
cl

e-
te

nd
on

 u
ni

ts
; H

I, 
hi

nd
lim

b 
im

m
ob

ili
za

tio
n;

 H
S,

 h
in

dl
im

b 
su

sp
en

-
si

on
. 



Kyung-Wan Baek, et al.

106    https://e-jbm.org/� https://doi.org/10.11005/jbm.2020.27.2.97

weight of about 9% to 10%, but over a 2-fold greater de-
crease in HS with casted limb.[93] 

CONSIDERATION FOR USING MOUSE 
MODEL IN THE STUDIES OF SARCOPENIA

The mouse is a good animal model for studying the sar-
copenia because of low cost, short life span, and relative 
ease of genetic manipulation.[94,95] Moreover, there are 
many previous studies shown similarities in aging process-
es between human and mouse.[96-98] But, of course, there 
are also significant differences between humans and mice, 
and this could be a limitation for specific applications. Mice 
exhibit higher regenerative capacities, their muscle mass 
only minimally declines with age, mice have high telomer-
ase activity in many organs, and they can synthesize vita-
min C.[99] Moreover, mouse breeding technology allows 
researchers to reduce biological variation as a source of ex-
perimental noise and also allows the exploitation of strain 
and cohort differences as a tool in aging research.[100]

The composition of the skeletal muscle fiber also differs 
between humans and mice. There are 2 types of skeletal 
muscle fiber (myofiber): type I is slow myofiber that have a 
slow contraction time and rely on oxidative phosphoryla-
tion pathways and resist fatigue. In contrast, type II is quick 
myofiber that have a fast contraction time and rely on gly-
colytic pathways and fatigue more easily. Human muscles 
are composed predominantly of type I myofibers, while 
mice are mainly type II: such differences between species 
need to be considered when extending observation from 
animal models to humans. Furthermore, there is more 
time for more secondary consequences to become pro-
nounced in humans where sarcopenia becomes progres-
sively manifest over 20 to 30 years, whereas the duration is 
far shorter in mice; >1 year (18-30 months), with the nor-
mal lifespan of mice being a mere 3 years or less. Innerva-
tion of myofiber is clearly required for skeletal muscle con-
traction in mice and humans, but different conclusions 
may be reached from initial studies.[101] Examination of 
aged mice (up to 29 months old) revealed marked dener-
vation of NMJs of hind limb muscles without any change 
in number or size of motor neuron cell bodies in the lum-
bar spinal cord, suggesting a primary problem at the level 
of the muscles per se.[102] In contrast, many changes in 
motor neuron function are noted from electrophysiologi-

cal studies in aging humans supporting changes in the 
central nervous system,[103] although it is difficult to de-
termine whether these changes are secondary to earlier 
NMJ changes, since invasive examination of the NMJ status 
is rare in human studies. Further experiments in animal 
models can help to define the precise timing of these key 
events.

Although there are sarcopenia or senescence-accelerat-
ed rodent models with aging-related metabolic diseases 
which were generated by genetic modification, the mod-
els of muscular atrophy introduced in this study are rela-
tively easy to apply for the experiments due to its time effi-
ciency to obtain. Genetic modification models take long 
time and high cost to breed. Nevertheless, aging model 
still would be the most recommendable choice for the sar-
copenia study among all the muscular atrophy models be-
cause the ‘sarcopenia’ means the ‘aging-related muscular 
atrophy’. Therefore, when judged comprehensively, select-
ing an animal with an extreme-value after evaluating skel-
etal muscle mass and grip strength, etc. in aging rodents is 
probably the most appropriate method in sarcopenia re-
search. 

As mentioned above, using the aging rodent in the dic-
tionary sense of the word “sarcopenia” may be the most 
desirable, but there is always a different perspective. In a 
variety of studies dealing with sarcopenia, muscular atro-
phy is also an important part of studying biological and 
molecular mechanisms, so choosing an aging rodent may 
not be the best option. Therefore, what is ultimately im-
portant is to rationally choose the animal model appropri-
ate for research purpose. 
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