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Introduction: Back pain is a common ailment affecting individuals around the globe. Animal models to
understand the back pain mechanism, treatment modalities, and spinal cord injury are widely
researched topics worldwide. Despite the presence of several animal models on disc degeneration and
Spinal Cord Injury, there is a lack of a comprehensive review.
Material and method: A methodological narrative literature review was carried out for the study. A total
of 1273 publications were found, out of which 763 were related to spine surgery in animals. The liter-
ature with full-text availability was selected for the review. Scale for the Assessment of Narrative Review
Articles (SANRA) guidelines was used to assess the studies. Only English language publications were
included which were listed on PubMed. A total of 113 studies were shortlisted (1976e2019) after internal
validation scoring.
Result: The animal models for spine surgery ranged from rodents to primates. These are used to study
the mechanisms of back pain as well as spinal cord injuries. The models could either be created surgically
or through various means like use of electric cautery, chemicals or trauma. Genetic spine models have
also been documented in which the injuries are created by genetic alterations and knock outs. Though
the dorsal approach is the most common, the literature also mentions the anterior and lateral approach
for spine surgery animal experiments.
Conclusion: There are no single perfect animal models to represent and study human models. The se-
lection is based on the application and the methodology. Careful selection is needed to give optimum and
appropriate results.

© 2020 Delhi Orthopedic Association. All rights reserved.
1. Introduction

Back pain is a common ailment affecting individuals around the
globe.1 A few of the recent studies have stated that a majority of
disability-adjusted life years (DALYs) lost by an individual are due
to low back pain. As the postural problems in the individuals
continue to rise, the DALYs lost due to low back pain are expected to
increase in due course of time.2e6

Studies using animal models have been widely researched to
understand the mechanism of spinal diseases and their biome-
chanics. Though the literature in the animal spinal model is limited,
a few of the developed models exist in rabbits, sheep, goats, pigs,
and dogs.7e10 History has witnessed animal models with little
Goel), vvarghese@mcw.edu

rights reserved.
empathy in the earlier studies to revolutions in the present time. A
few of the studies have mentioned about the tissue engineering for
disc degeneration models, local hormonal injections, autologous
cell implantation, and gene transfer.11

From the days of little rehabilitation for spinal injury models to
the establishment of animal physiotherapy laboratories, the animal
spine model research has shown tremendous growth.12 This
narrative review discusses the history of animal spine models, the
existing experimental models, and the future it holds.

2. Material and Methods

Amethodological narrative literature review was carried out for
the study. The authors independently assessed the methodological
quality of each study. The blinding of studies was performed to the
best of authors knowledge to avoid biases due to institutions, au-
thors, and journals.

The data were independently extracted from each study
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utilizing a predesignated data extraction form. Core data entailed
study characteristics, the presence of funding, ethical approval,
operative characteristics, type of anesthesia, animal model, ap-
proaches and outcomes. The corresponding author was contacted
for additional or missing data. In the event, the lead study author
could not be contacted or was nonresponsive, only the published
data parameters were noted.

In this review, a PubMed search for all papers stating “spine
animal models,” “animal model for spine surgery,” “experimental
spine animal models” and ‘Animal Models of Spinal Cord Injury’
were explored. A total of 1273 publications were found, out of
which 763 were related to spine surgery in animals. The literature
with full-text availability was selected for the review. Scale for the
Assessment of Narrative Review Articles (SANRA) guidelines was
used to assess the studies. Only English language publications were
included which were listed on PubMed. A total of 113 studies were
shortlisted after internal validation scoring (Fig. 1). The date of
publication of these manuscripts ranged from 1976 till 2019.
2.1. History of spine animal models

Animal models have been used as a surrogate model to study
the surgery techniques and physiological changes in the spine and
surrounding structures. Large and small animals such as mice, ba-
boons, pigs, and bovines are used to study biomechanics. These
quadrupeds and bipeds have a similar trabecular structure of bones
due to the loading on these bones. Historically surgeons practiced
disc replacement and other surgical techniques on pigs, goats,
rabbits, and mice. The advantage of animal models is that they are
easily available and can be produced in large numbers.

There are stringent regulations on animal experimentation.
There are guidelines for the use and are governed by their
respective law of the land and vary from country.13

Different animal models are used to study the motion of the
spine to correlate with the human subjects. These animal models
Fig. 1. The Methodology of inclusion of man
include pig, sheep and cow. The selection is based on the region
which is being studied and its equivalent range of motion in the
human spine.14-17 For example, to represent the cervical region of
the human spine, the porcine models can be used. For the lumbar
spine, animal models such as porcine and ovine spine can be
used.15,16 Baboons can be used to study the intervertebral discs as it
has asimilar transversal area of humans. But they are limited in use
due to low availability, hence, smaller animals such as mice are
used.18 Hence, for biomechanical studies, it is important to select an
appropriate animal model based on the experimental protocols and
research objectives.19

The size of the animal affects the pressure developed in the disc.
This results in the change in geometry and material properties of
the disc. Even though the scale of pressure generated is different
among the animals. The stresses induced due to the various activ-
ities are comparable across the various species. The disc pressure
produced in animal models is smaller than what is observed in
humans. To extrapolate the results, scaling is performed for the
animal models to human models.20,21

Biomechanical studies to evaluate surgical techniques and im-
plants are performed on large animalmodels. The selection of these
models is dependent on morphological features and material
properties. Hence, a model such as a sheep, bovine, calf, etc is used.
Sheep vertebral body has an oval shape and has a larger width than
depth. Pig spines are used for representing the cervical region as it
has similar anatomy.18
2.2. The current spine surgery animal models

The literature discusses two kinds of animal models for spine
surgery. These range from animal models for disc degeneration to
animal models for spinal cord injury. Furthermore, there are a few
spontaneous spine animal models that do not require any specific
surgery/insult to the animal. These are genetic models and could be
made by alteration of the genetic structure of the respective
uscripts through the various database.
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animal/s.
2.3. Animal models for disc degeneration

Degenerated Disc is one of the major risk factors for back pain.
The intervertebral disc consists of two regions: nucleus pulposus
and annulus fibrosis. Ageing and degeneration cause loss of water-
retaining capacity of the nucleus pulposus. This results in loss of
shock-absorbing capacity of the disc. Various animal models for
disc degeneration have been described in the literature. These
range from mice knockout models to rats, rabbits, goats, sheep,
dogs, and primates (Table 1). Various mechanisms to induce
degeneration have also been described in the literature.Lumbar disc
punctures were widely used to create degeneration through an
anterior approach. The limitation of this method is that it leads to
abdominal pain which affects the behaviour pattern of the mice.
Currently, genetic manipulation techniques are widely used, as it
helps in understanding the role of specific genes in the degenera-
tion process.

Rodent models: Mice and Rat models have been used for a long
time for disc degeneration studies. Besides genetic knocking,
bipedal mouse and rat models have been created through bilateral
mid-humeral surgical and tail amputation.26,27 Other mechanisms
of disc degeneration via tail are by the administration of digestive
enzymes or asymmetrical compression (Table 1).
Table 1
Animal models of spine surgery pertaining to disc degeneration.

SNo. Author Name Animal used Specific models and/o

1 J. Sahlman(J. Sahlman22 et al., 2001) Mice heterozygous knockou
2 C. W. Goff (C. W. Goff23 et al., 1957) Rats and mice Bipedal animals
3 M. Higuchi (M. Higuchi19 et al., 1983) Mice Changes in the nucleu
4 K. Masuda (K. Masuda24et al., 2005) Rabbit reproducible disc deg
5 T. Miyamoto (T. Miyamoto25 et al.,

2010)
Rabbit Intradiscal transplant

6 M. W. Kroeber (M. W. Kroeber26et al.,
2002)

Rabbit Intervertebral disc co

7 N. A. Gillett (N. A. Gillett27et al., 1988) Canine radiology, histology, a
8 K. Serigano (K. Serigano et al., 2010) Canine mesenchymal stem ce
9 N. Bergknut (N. Bergknut28 et al.,

2012)
Canine chondrodystrophic (C

research.
10 Y. Zhang (Y. Zhang29et al., 2011) Goat optimal method for in
11 R. J. W. Hoogendoorn(R. J. W.

Hoogendoorn14et al., 2008)
Goat Chondroitinase ABC (

12 T. H. Smit (T. H. Smit15et al., 2002) Goat Biomechanical analys
13 R. J. W. Hoogendoorn(R. J. W.

Hoogendoorn et al., 2005)
Goat absence of notochord

14 C. J. Hunter (C. J. Hunter et al., 2004) Sheep comparing the cytom
15 H. J. Wilke (H. J. Wilke16 et al., 1997) Sheep quantitative biomech
16 O. L. Osti (O. L. Osti17 et al., 1990) Sheep Peripheral tears of the
17 J. Melrose (J. Melrose29et al., 2012) Sheep IVD mechanical desta

the pathophysiologica
18 D. Oehme22 (D. Oehme et al., 2014) Sheep Pentosapolysulfate wi
19 T. Goldschlager23 (T. Goldschlager

et al., 2011)
Sheep Allogenic mesenchym

TCP) with HA/TCP alo
20 T. Goldschlager24 (T. Goldschlager

et al., 2011)
Sheep To compare the capac

21 T. Goldschlager 25(T. Goldschlager
et al., 2010)

Sheep using MPCs in combin
following ACD

22 F. L. Acosta (F. L. Acosta32et al., 2011) Porcine Nucleotomy for IVD d
23 G. W. Omlor (G. W. Omlor33et al.,

2009)
Goettingenminipigs Disc remodeling and

24 R. C. Platenberg (R. C.
Platenberg34et al., 2001)

Baboon Spontaneous disc deg

25 D. J. Nuckley (D. J. Nuckley35 et al.,
2008)

Primates Natural disc degenera

26 W. E. Stern (W. E. Stern36et al., 1976) rhesus monkeys Collagenase induced I
27 F. Wei (F. Wei37 et al., 2014) rhesus monkeys slowly progressive an
Rabbit Models: The major advantage of a rabbit model is a
higher degree of resemblance to human intervertebral discs, cost,
and larger size. Compression such as bending, postural changes or
cyclical compressions (Table 1).28e30

Canine models: The CD dogs (Beagles and dachshunds) arewell-
established models of intervertebral disc degeneration. The
administration of intra-discal substances is also easier due to the
large size of the disc as compared to the rodent models. Postural
changes, chemonucleosis are a few of the techniques used to create
the model.31,32

Goat and Sheep models: The advantages of goat model include
anatomical homology with vertebral and disc morphology. The
animal is handy, economical and also tolerates the surgery
well.14e17,33

Porcine model:Porcine models have been widely used in the
assessment of biological therapies like stem cells. Their discs have
been reported to be similar to human intervertebral discs.Porcine
models are also used to study the degeneration due to endplate
injuries.34e37

Primate Model:The baboon and macaque models are used to
study the spontaneous disc degeneration. The degeneration are
created by intradiscal administration of collagenase and sub-
chondral administration of bleomycin and annulotomy in Rheusus
monkey. The primates have a structure similar to human alongwith
mechanical structures compatible with erect posture. The major
r Techniques used

t of Col2a1 gene

s pulposus of the intervertebral disc
eneration by an annulus needle puncture
ation of synovial mesenchymal stem cells

mpression by percutaneous approach

nd mechanical testing
ll transplantation
D) and nonchondrodystrophic dogs (NCD) translational model for human IVDD

ducing goat IVD degeneration
CABC) induced goat model

is
al cells

orphology of the nucleus pulposus in mammals commonly used in laboratory
anical properties of the sheep spine and compare with human spine
annulus fibrosus

bilization on matrix protein and metalloproteinase gene expression to investigate
l mechanisms of lumbar IVDD.
th mesenchymal progenitor cells
al precursor cells combined with hydroxyapatite and tricalcium phosphate (HA/
ne or iliac crest autograft (AG) for cervical interbody fusion
ity of MPCs and AECs in an ovine model.

ation with PPS to produce cartilaginous tissue to replace the intervertebral disc

eegeneration
degeneration after nucleotomy

eneration baboon model

tion

VD degeneration
d reproducible intervertebral disc (IVD) degeneration model by Bleomycin
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issue faced in using such models are the ethical concerns and
cost.37e41

Chinese hamster: These are used to study the ageing changes in
the intervertebral discs due to diabetes. It was found that diabetic
animals had a higher incidence of spondylosis compared to non-
diabetic animals.42
2.4. Animal Models of Spinal Cord Injury

Several animal models have been used to study spinal cord
injury.43,44 These range from Contusion models to electrolytic
injury. The models have shown sequential evolution from the
Allen’s model of contusion injury in 1911to the present-day newer
approaches45e47(Table 2).

One of the oldest methods to create injury to the spinal cordwas
by contusion. In 1911, a study reported the creation of spinal cord
injury by dropping a mass from a height onto the surface of a dogs
spine. Such a mechanism leads to various alterations in the spinal
cord. These range from inflammation to haemorrhagic necrosis. In
the cervical spine, unilateral contusion models have been reported
to avoid life-threatening injuries in animals.48e51

The spinal cord injury could also be created by occlusion of the
spinal canal. Such models are referred to as compression models of
SCI. There are several ways by which these models have been
created. These range from aneurysmal clips, balloon induction
techniques and calliberated forceps. A few studies have also
mentioned the use of a spacer to produce canal narrowing to mimic
Antero-posterior compression.51e54

Lateral displacement of a specific vertebra leads to the devel-
opment of a dislocation model of spinal cord injury. The spinal cord
in animals can also be stretched by using the principle of distrac-
tion. In such a model, the opposite traction forces stretch the spinal
cord and mimic the spinal cord injury due to various trauma set-
tings.55 A few studies have reported the development of spinal cord
injury models by transacting the spinal cord using fine surgical
scissors. This leads to complete interruption of spinal signals and
mimics acute spinal cord injury. These models have been widely
used to study the effects of biomaterials and their
biomechanics.56e58

Aortic problems have been reported to cause spinal cord
Table 2
Animal models of Spine Surgery pertaining to Spinal Cord Injury.

Sno. Author Name Animal used Technique used

1 Baussart B (Baussart B39 et al., 2006) Rats repair processes after spinal
2 Vijayaprakash K (Vijayaprakash

K46et al., 2013)
Rats Induce contusive type of inju

3 Br€osamle C (Br€osamle C40 et al.,
2007)

Transgenic
animals

Spinal cord transection and c
based approach, implantation

4 Gensel JC (Gensel JC41 et al., 2006) Rats spinal cord contusion injury
5 Rahimi-Movaghar V (Rahimi-

Movaghar V43et al., 2008)
Rats Transection model

6 Jazayeri SB (Jazayeri SB44et al.,
2013)

Rats SCI compression with aneury

7 Lim JH (Lim JH45et al., 2007) mongrel dogs Balloon inflation model
8 Dimar JRI (Dimar JRI42et al., 1999) Rats Contusion model
9 Lavrov I (Lavrov I47et al., 2006) Rats Transection model
10 Shah PK (Shah PK48et al., 2012) Rats Ischemic model
11 Schwab ME (Schwab ME et al.,

1996)
mammals and
humans

Review on current knowledg
regeneration

12 Lang-Lazdunski L (Lang-Lazdunski
L50et al., 2000)

Mice Ischemic model

13 Gaviria M (Gaviria M51 et al., 2002) Mice Ischemic photochemical mod
14 Nouri M (Nouri M52et al., 2006) Rats Clamping model
15 Yezierski RP (Yezierski RP53 et al.,

1998)
Rats QUIS induced injury and clin

16 Piao MS (Piao MS54et al., 2009) Mice Photochemical SCI
ischaemia.59 This property has been used to create the ischemic
models of spinal cord injury. Temporary aortic occlusion of the
spinal cord using aortic clips is an established method to create SCI
animal models.59e61 Besides aortic occlusion, the injury can also be
created by inserting excitotoxins. These are referred to as the
excitotoxic models of spinal cord injury. In such models, there is
little need for laminectomy or mechanical trauma to the cord.62,63

High electric current has shown to injury the spinal cord in a
similar manner as excitotoxins.64 However, it has the advantage of
creating restricted damage by using an electrode tip. Such a model
is referred to as the Electrolytic injury model.57,65,66 A summary of
these models has been enlisted in Table 2.
2.5. Genetic animal models of the spine

Several models of knock out mice have been established which
lead to spontaneous disc degeneration. Such models have been
used to analyze the disc pathologies more physiologically.
Furthermore, they lead to fewer morbidities and mortalities in
animals as an insult/injury is not required to create a particular
model.67,68

A mutation in the BDL strain of mice leads to muscular atrophy
during growth. Such mice present with the kyphoscoliotic condi-
tion of the spine.69,70Li et al. have reported that a mutation in GDF5
mice shows disc degeneration.71 A KY BDL strain has been reported
to exhibit changes in thoracolumbar as well as cervical discs. CCN2
knock out mice have been developed which show alteration in
CCN1 and CCN2 thus affecting the disc structure.72 This has lead to
the development of gene knockout technologies and transgenic
mouse strains to study disc degeneration.73

A few studies have reported transgenic strains of mice that
develop age-dependent disc degeneration.74e76Wang et al. have
reported that breeding Col2a1-CreER(T2) and b-catenin(fx(Ex3)/
fx(Ex3)) transgenic mice leads to extensive osteophyte formation,
upregulation of mmp13, adamts4, and adamts5 genes.77 This leads
to a condition mimicking spondylosis in humans. GDF8 deficient
mice have been shown to demonstrate signs of disc degeneration
by Hamrick et al.78

Though the knock out models are available only in mice, large
animals have been used to study spontaneous disc degenerations. A
cord decompression or neuroprotective treatment
ry in spinal at the thoracic level with customized instruments

ontusion followed by substance infusion to spinal cord, direct gene therapy, cell
of bridges with rehabilitive training

using a modified NYU/MASCIS weight drop device

smal clip compression

e on the mechanisms involved in degeneration and tissue loss and in axonal

el of SCI in mice

ical pathology of SCI
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study by Cho et al. reported that MMP1 expression increases in pigs
with ageing and this leads to acceleration of disc degeneration.79 A
few of the newer studies have proposed the use of alpacas as the
potential model to study disc degeneration.80,81 This is because of
several similar properties between the discs of this animal model
and humans.

3. Conclusion

The scientists and researchers have ethical and moral obliga-
tions to limit the number of animals used in research. Furthermore,
it is equally important to limit the sufferings of the animals used in
research.
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