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Abstract
Background: The objective of this study was to analyse the potential benefit
of the epidural application of steroids on time to ambulation in non-
ambulatory dogs affected by intervertebral disc disease (IVDD) treated with
decompressive surgery.
Methods: This prospective, randomised, blinded control trial involved 41
dogs with thoracolumbar disc extrusion, which were randomly allocated into
two groups. In the control group, saline was locally applied after surgical
decompression of the spinal cord (n = 23). In the treatment group (n = 18),
local epidural application of methylprednisolone acetate (1 mg/kg) was used.
Ambulation time was the primary outcome measure, defined as the ability to
take 10 independent steps.
Results: The median number of days to ambulation was 7 days (range: 1‒17
days) for the control group and 3 days (range: 1‒8 days) for the treatment
group. One dog from the treatment group developed discospondylitis and
abscess formation.
Limitations: The study’s heterogeneity in dog breeds, ages and pre-existing
health conditions could affect the generalisability of the findings.
Conclusion: Epidural methylprednisolone acetate applied locally at the time
of surgery may accelerate recovery in dogs following IVDD surgery.

INTRODUCTION

Intervertebral disc disease (IVDD) is the most com-
mon pathological condition affecting the canine tho-
racolumbar vertebral column, usually due to disc
extrusion or protrusion.1,2 The standard treatment
for non-ambulatory dogs suffering from intervertebral
disc extrusion (IVDE) is surgical decompression.3,4

Nursing care of non-ambulatory dogs can be chal-
lenging and may increase treatment costs.5 There-
fore, various treatment strategies to shorten the time
to ambulation in paraplegic dogs have been pub-
lished, including subcutaneous administration of a
metalloproteinase inhibitor and dimethylsulphoxide,
postoperative physiotherapy and perilesional photo-
biomodulation, each of them resulting in variable
success rates.6–8 Specifically, Levine et al. found that
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the subcutaneous administration of a metallopro-
teinase inhibitor resulted in significant improvement
in ambulatory status, with treated dogs showing a
mean motor score of five compared with two in the
control group, representing a 150% improvement.6

Zidan et al. reported that dogs receiving more inten-
sive postoperative rehabilitation, including underwa-
ter treadmill sessions, had a higher likelihood of
regaining ambulatory ability, with a significant differ-
ence in recovery rates between those receiving inten-
sive therapy and those receiving basic rehabilitation.7

Bruno et al. investigated perilesional photobiomodu-
lation therapy and found that although there was a
trend towards a shorter mean time to regain ambu-
latory ability in the laser therapy group (14.2 vs. 24
days in the control group), the difference was not
statistically significant.8
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An IVDE is a localised displacement of disc tis-
sue into the epidural space,9 causing mechanical
compression and secondary injury of spinal nerves
and the spinal cord, resulting in ischaemia and ini-
tiation of the inflammatory cascade.10–12 Most dogs
exhibit an epidural inflammatory response, ranging
from acute neutrophil invasion to chronic granulation
tissue formation.3,13–15 The degree of inflammation
was significantly inversely correlated with the abil-
ity to regain ambulation in a study involving 105
chondrodystrophic dogs.13

Furthermore, IVDE-associated spinal cord injury
(SCI) provokes an intramedullary inflammatory
response that generates substantial secondary dam-
age within neural tissue.13 Studies in rodents indicate
that potentially destructive neutrophils and acti-
vated microglia, replete with oxidative and proteolytic
enzymes, occur within the first few days after SCI.11,16

Experimental work in mice suggested that inflamma-
tion during the chronic phase following SCI reduces
conduction through the epicentre of the lesion, pos-
sibly by the release of cytokines.16 These data suggest
that anti-inflammatory and neuroprotective strategies
may be beneficial in dogs with IVDE.

However, studies in dogs have revealed that systemi-
cally administered methylprednisolone sodium succi-
nate (MPSS) does not significantly improve recovery in
canine SCI compared to other treatments and is asso-
ciated with severe side effects, although the effects of
its local application remain unassessed.13,17–22 Epidu-
ral steroid injections have been used successfully for
the treatment of lower back pain caused by lumbar
disc herniation in people.13,17–22 In dogs, treatment of
lumbosacral degenerative stenosis by epidural infil-
tration with methylprednisolone acetate (1 mg/kg)
was safe and yielded successful results in 79% of
the cases in one study.23 Furthermore, a more recent
prospective study by Gomes et al. reported short-lived
improvement in 84.4% of cases following a single dose
of epidural methylprednisolone in dogs undergoing
decompressive surgery for degenerative lumbosacral
stenosis with foraminal stenosis due to L7-S1 chronic
disc protrusion.24

Based on previous experimental, histopathological
and clinical data,16,25–32 and given that steroid hor-
mones can freely diffuse across cell membranes33,34

and steroids such as 17β-estradiol have been shown
to enhance locomotor function and provide neu-
roprotection through various mechanisms,35 we
hypothesised that local steroid application could
have an anti-inflammatory effect within the epidural
compartment and possibly improve recovery of spinal
axons after SCI. Our goal was to analyse the potential
benefit on clinical outcome measured by the time
to regain ambulatory status in dogs presented with
non-ambulatory paraparesis with intact nociception
following IVDE and treated via decompressive surgery.
Our hypothesis in this prospective, randomised clin-
ical study was that dogs with methylprednisolone
acetate applied locally at the time of surgical decom-
pression would regain ambulatory function more
rapidly than the control group.

MATERIALS AND METHODS

Animals

Dogs presented with non-ambulatory paraparesis
with intact nociception, diagnosed with an acute
thoracolumbar IVDE via MRI, and treated via decom-
pressive surgery were prospectively enrolled in the
study. The study was approved by the Swiss National,
Cantonal and Institutional Animal Care and Use Com-
mittees (approval number: ZH172/2022), and signed
consent was obtained from all clients at the time of
enrolment. The data collection and analysis were
carried out in the small animal clinic of the faculty of
veterinary medicine at the University of Zurich.

Dogs first underwent a full physical, orthopaedic
and neurological examination by a board-certified
neurologist (F.S.) to assess the presence of pathol-
ogy associated with thoracolumbar myelopathy and
to determine the degree of severity. This was fol-
lowed by an MRI scan to confirm the presence of
an IVDE, after which decompressive surgery was per-
formed. The sensorimotor status of the dogs was
scored according to Moore et al. using the modified
Frankel score (MFS).36 Briefly, according to this grad-
ing system, grade 0 dogs are those with paraplegia and
absent superficial and deep pain sensation, showing
no response to skin or bone clamping and no move-
ment of the hindlimbs. Grade 1 dogs have paraplegia
with intact deep pain sensation but absent super-
ficial sensation, responding only to bone clamping
with no hindlimb movement. Grade 2 dogs exhibit
paraplegia with intact superficial and deep pain sensa-
tion, responding to both stimuli but with no hindlimb
movement. Grade 3 dogs have non-ambulatory para-
paresis, showing movement in one or both hindlimbs
but unable to take 10 consecutive unassisted weight-
bearing steps. Grade 4 dogs are ambulatory with
paraparesis and are capable of taking 10 consecu-
tive unassisted weight-bearing steps, although with an
ataxic or paretic gait. Grade 5 dogs have a normal gait
but exhibit paraspinal hyperaesthesia, with posture
or physical examination findings indicating hyper-
aesthesia. Grade 6 dogs have normal neurological
function.

For the purpose of this study, dogs with an MFS
of 2 or 3 were pooled into one category and classi-
fied as ‘non-ambulatory’. Dogs receiving presurgical
systemic steroids and dogs with multiple affected
sites were excluded from the study. The dogs meeting
the inclusion criteria were then randomly assigned
to one of two groups. The randomisation was exe-
cuted using a random number generator, ensuring
that each dog had an equal chance of being allocated
to either group. Each dog was treated with routine
decompressive surgery via mini-hemilaminectomy
with removal of the herniated disc material from the
vertebral canal and subsequent power-assisted fenes-
tration of the affected intervertebral disc space. The
first group was treated routinely with decompressive
surgery following standard-of-care procedures (see
below). After completion of the decompression and
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before closure, the surgeon applied saline locally by
splashing (control group, n = 23). The second group
(treatment group, n = 18) underwent the same pro-
cedure, but methylprednisolone acetate (1 mg/kg)
was locally applied instead of saline37 Both saline and
methylprednisolone acetate were administered using
the same technique and at the same volume to ensure
consistency across the two groups. The surgeons
were unaware of the specific treatment being applied
during the procedure. The clinical staff assessing the
time to ambulation were aslos blinded to the group
allocations. The blinding was maintained until the
completion of data collection and statistical analysis,
at which point the treatment codes were revealed for
interpretation.

Interventions

Anaesthesia

For diagnostic imaging and surgery, dogs were
premedicated with either butorphanol (0.2 mg/kg
intramuscular [IM]) or methadone (0.2 mg/kg
IM) in combination with either acepromazine
(0.005‒0.03 mg/kg IM or intravenous [IV]) or medeto-
midine (0.002‒0.010 mg/kg IM or IV) prior to
induction of anaesthesia. An 18 or 20 G IV catheter was
placed in the cephalic or saphenous vein. Anaesthesia
was induced using IV propofol (10 mg/mL), given to
effect (1‒10 mg/kg). All dogs were then intubated and
anaesthesia was maintained with isoflurane to effect
with a vaporiser setting starting with 1.0%‒1.6% (con-
centration) in 100 mL/kg/min (volume) flow of oxygen
and medical air with an inspired fraction of oxygen
of 60%. Vaporiser settings were adjusted depending
on the depth of anaesthesia (0.8‒1.2 Minimum Alve-
olar Concentration (MAC)). End-tidal concentration
of isoflurane, heart rate, non-invasive mean blood
pressure, peripheral oxygen saturation end-tidal
partial pressure of carbon dioxide and esophageal
temperature were monitored constantly. An IV
crystalloid solution (Ringer’s acetate) was given at
5 mL/kg/h.

Surgical techniques

Surgeries were performed by a board-certified neu-
rologist (F.S. and L.G.) or surgery resident (P.N.).
For mini-hemilaminectomy, dogs were positioned in
30◦‒40◦ sternal oblique recumbency with the dis-
eased side up on a tilting surgery table. A dorsolateral
approach to the spine was performed at the affected
site. The area around the intervertebral foramen and
adjacent pedicles was freed bluntly from the sur-
rounding musculature, and the tendinous attachment
of the longissimus muscle to the accessory process at
the affected site was severed. Mini-hemilaminectomy
was performed using a high-speed burr (Stryker), fol-
lowed by power-assisted fenestration of the affected
disc in all cases.

After mini-hemilaminectomy, the dorsal and ven-
tral spinal nerve roots were freed from their soft tissue
surroundings, and the bone window was enlarged in
the cranial, caudal and medial directions using the
high-speed burr or Kerrison rongeurs.38,39 Extruded
disc material was carefully removed from the vertebral
canal using fine rongeurs or probes.

The dogs’ postoperative neurological status was
evaluated daily by blinded clinical staff. Manual blad-
der expression was performed three to four times
daily for dogs with difficulty urinating until the
dog regained voluntary urination. Postoperative care
involved a hospital stay until independent ambulation
was observed and analgesia (NSAIDs and opioids). No
systemic corticosteroids were administered postoper-
atively. The patients were routinely discharged from
the hospital after they performed voluntary urination
and independent ambulation (10 independent steps),
as observed and documented by the clinical staff. This
also marked the endpoint of the study. Dogs were dis-
charged with NSAIDs (carprofen 2‒4 mg/kg orally one
to two times daily or robenacoxib 1 mg/kg daily) and
tramadol (in selected cases) (2–5 mg/kg orally three
times daily) for analgesia. No antibiotics were admin-
istered either preoperatively or postoperatively for any
of the patients in this study. Home care instructions
were provided to all owners, recommending the dog be
restricted from exercise with brief leashed walks out-
side until the 2-week recheck and immediate start of
physiotherapy and supported walks on a non-slippery
floor. Jumping, playing and running were prohib-
ited in the immediate postoperative period. Wound
assessment and skin suture removal were routinely
performed 10‒14 days after the surgery. Potential com-
plications or adverse events were monitored for 6
months after surgery. We defined postoperative com-
plications as any adverse events occurring within the
first 6 months after surgery, including but not lim-
ited to surgical site infection (SSI), delayed wound
healing, worsening of neurological deficits and cysti-
tis. These were systematically recorded and monitored
through scheduled follow-up visits at our clinic. In
cases where a follow-up visit was not possible, tele-
phonic communication with the owner and referring
veterinarian was used to gather information on a
patient’s postoperative status.

Outcome measures

The time to ambulation in days, counted from the day
of surgical decompression, was documented and then
statistically analysed. Ambulation was defined as the
ability of the dog to perform 10 independent steps
involving both hindlimbs.40 Any observed complica-
tions and other epidemiological parameters, such as
breed, bodyweight (kg), age (months) and sex, were
also documented. The duration from the onset of clini-
cal signs to the initiation of treatment was recorded for
all dogs. This time interval was used to assess the uni-
formity of the study population in terms of the timing
of intervention.
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Statistical analysis

To investigate the effect of methylprednisolone
acetate, bodyweight and age on the time to ambu-
lation following surgical decompression, a multiple
regression model was considered. Using the G*Power
computer program for power analysis, it was deter-
mined that to observe a large effect size (f2 = 0.30)
with an 80% power level and an alpha level set at 0.05,
a total sample of 41 dogs would be necessary.

For statistical analysis, first, an assessment was con-
ducted on the data to determine whether the data and
the residual of the data followed a normal distribu-
tion and equal variance. This assessment was carried
out using the Shapiro‒Wilk test and quantile‒quantile
(q‒q) plot. The outcome data and the residual were not
normally distributed. The parameters bodyweight, age
and treatment option (saline or methylprednisolone
acetate applied locally after decompression) were
evaluated for their potential influences on the ambu-
lation time after surgery using quantile regression.41

Four regression models were built and the param-
eter beta (β) and 95% confidence interval (CI) were
calculated at the mean (ordinal least squares), 25%
quantile, 50% quantile (median) and 75% quantile for
comparison.42 For all analyses conducted, a p-value
of less than 0.05 was deemed statistically significant.

RESULTS

A total of 41 dogs weighing 3‒25 kg (median = 9 kg)
were included. The most common breeds were French
Bulldog (13 dogs), mixed breed (seven dogs), Bolonka
(four dogs) and Dachshund (two dogs). The remaining
dogs belonged to various other breeds, including one
of each Yorkshire Terrier, Toy Poodle, Pekingese, Pug,
Bichon Frise, Tibetan-Spaniel, Maltese, Jack Russell
Terrier, Havanese, Berger des Pyrénées, Chihuahua
and Coton de Tuléar.

Of the 41 included dogs, 24 were male (seven entire
and 17 castrated) and 17 were female (all spayed). The
median age of the dogs was 63 months (range 27.6‒156
months).

The control group consisted of 23 dogs, of which
13 were male (three entire and 10 castrated) and 10
were female (all spayed). The most frequent breeds
in this group were French Bulldogs (eight dogs) and
mixed breeds (five dogs), with other breeds repre-
sented in smaller numbers. The median age in the
control group was 67 months, with a range of 36‒156
months.

The treatment group included 18 dogs, of which 11
were male (four entire and seven castrated) and seven
were female (all spayed). French Bulldogs (five dogs)
were the most common breed in this group. Other
breeds included Toy Poodle, mixed breed, Yorkshire
Terrier, Thibet-Spaniel, Maltese, Jack Russel/Bolonka
mix, Havanese, Dachshund, Coton de Tuléar and Chi-
huahua. The median age in the treatment group was
60 months, with a range of 27‒132 months.

The most frequently observed locations of IVDE
included Th13-L1 (n = 7), L1-2 (n = 6), Th12-13 (n =
5) and L3-4 (n = 4). Th12-L1, L2-3 and L4-5 segments
were affected in two cases each. Segments Th10-Th11,
Th11-12 and Th11-13 were affected in one case each.

In the control group, the median number of days
from onset of clinical signs to the initiation of treat-
ment was 1 day, with a range of 1‒5 days. In the
treatment group, the median number of days from
onset to treatment was 2 days, with a range of 1‒4 days.

The median number of days for dogs in the con-
trol group to achieve ambulation was 7 days, with a
range of 1‒17 days, while dogs in the treatment group
achieved ambulation in a median of 3 days, with a
range of 1‒8 days (Figure 1).

Quantile regression was employed to assess the
impact of three parameters—bodyweight, age and
treatment option—on ambulation time. The analysis
revealed that dogs in the treatment group achieved a
median ambulation time of 4 days quicker than dogs
in the control group (p = 0.01). When examining dogs
with shorter recovery times (QR 25%: ambulation <2
days) and longer recovery times (QR 75%: ambula-
tion >8 days) separately, those in the treatment group
also exhibited significantly shorter recovery times than
the control group (2 days [p = 0.05] and 7 days [p <

0.01], respectively). Notably, bodyweight did not have
a significant effect on recovery time. However, age
demonstrated a significant effect (p = 0.01) on recov-
ery time for dogs in the shorter recovery time quartile
(QR 25%), with no significant effect observed for all
other quantiles (Table 1).

A 10-year-old male neutered Berger des Pyrénées
developed discospondylitis and abscess formation 3
weeks after surgery and epidural methylprednisolone
application. After surgical treatment at L1/2, the dog
regained ambulation after 3 days. Three weeks after
discharge, the dog deteriorated again and became
non-ambulatory paraparetic within 3 days. Follow-up
MRI revealed abscess formation and discospondyli-
tis at the level of the initial site of surgery. Further
surgery was performed, and the abscess, including
soft tissues, was removed. Because the infected seg-
ment was considered unstable, vertebral stabilisation
using vertebral screws and polymethyl methacrylate
was performed contralateral to the initial approach.
Staphylococcus aureus and Streptococcus dygalactidae
were cultured from the infected site, and the dog was
treated with systemic amoxicillin and clavulanic acid
(clavaseptin 20 mg/kg twice daily). The dog subse-
quently regained ambulation within 2 weeks. This case
represents 2.4% of the entire study population and 6%
of the treatment group. No other adverse events were
reported among the remaining population.

DISCUSSION

The primary finding of our study is that non-
ambulatory dogs with thoracolumbar intervertebral
disc disease that received surgical decompression
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F I G U R E 1 Time to ambulation for the control and treatment groups. The control group, shown in blue, required a median of 7 days to
achieve ambulation, with a range of 1‒17 days. Meanwhile, the treatment group, shown in orange, required a median of 3 days, with a range
of 1‒8 days

and local application of methylprednisolone acetate
achieved ambulation in fewer days compared to the
control group. The control group regained ambulation
within a median of 7 days, with a range of 1‒17 days.
In contrast, the methylprednisolone acetate treatment
group regained ambulation within a median of 3
days, with a range of 1‒8 days. These results suggest
that the anti-inflammatory properties of methylpred-
nisolone acetate may play a beneficial role in spinal
cord conduction after decompression.

Further investigation into the impact of methyl-
prednisolone acetate on the dogs’ mobility revealed
nuanced findings. Dogs treated with methylpred-
nisolone acetate exhibited variable reductions in
recovery time: a modest 2-day improvement in the
shorter recovery time quartile (25%) and a more signif-
icant 7-day improvement in the longer recovery time
quartile (75%) relative to controls. This trend implies
that the treatment might be more advantageous for
dogs that potentially need longer recovery times,
although such conclusions warrant cautious interpre-
tation. Age also appeared to influence recovery among
dogs with shorter recovery times, suggesting a faster
recuperation in younger dogs. This effect of age seems
to be relevant only within the first 2 days of recovery,
as its significance diminishes beyond this timeframe.

These results should be viewed again with caution,
and further research is needed to confirm these obser-
vations and fully understand the treatment’s efficacy
and the role of age on recovery.

Our study documented a single case of dis-
cospondylitis and abscess formation at the surgical
site. The rates of SSIs vary depending on numer-
ous factors, including the type of surgery and the
preventive measures employed. Because steroids are
immunosuppressive they represent one of those risk
factors.43 This incident underscores a specific con-
cern within the context of a low overall postoperative
complication rate—2.4% for the entire study popula-
tion and 6% for the treatment group. This rate is in
close alignment with the 2.2% prevalence reported by
Canal et al. but may indeed represent a higher risk if
epidural steroids are applied.44 The pathogenesis of
SSIs after spinal surgery is multifactorial, categorised
into patient factors and surgical and microbiological
factors.45 In human studies, advanced age, immuno-
suppression, spinal trauma and diabetes mellitus are
established non-modifiable risk factors for SSIs.45–47

In a recent study in veterinary medicine, bodyweight
exceeding 20 kg was identified as a potential risk
factor in univariate analysis.44 In a study involving
513 dogs with discospondylitis, those over 10 years
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of age had the highest odds of disease, possibly
due to comorbidities, immunocompromised states or
impaired healing processes.48 Likewise, our practice
of maintaining IV catheters for more than 24 hours
after surgery may also have increased the risk for SSI.
Although this isolated case does not allow general con-
clusions on adverse reactions to topical steroids, it
certainly highlights the importance of monitoring the
risks of local use of steroids and suggests that vigilance
is crucial in monitoring and managing postoperative
complications, especially in cases involving immuno-
suppressive treatments such as steroids. Also, the case
raises the question of whether prophylactic antibi-
otics should be administered. In the context of spinal
surgery, SSI remains a significant concern, and the
risk may be increased with the epidural application of
steroids.

The systemic application of corticosteroids for treat-
ment of IVDD has historically been a controversial
topic, and clinical efficacy and safety have been heav-
ily disputed.49,50 Although widely used for many years
as a standard treatment for acute SCI in human
medicine, the most recent studies show that sys-
temically applied MPSS failed to provide a statisti-
cally significant short- or long-term improvement in
patients’ overall motor or neurological scores com-
pared to controls that did not receive steroids.51–54

Similarly, in the veterinary literature, studies have
shown no significant difference in recovery rates
between MPSS treatment and decompressive surgery
alone,17,18 perioperative use of NSAID,19 polyethylene
glycol,20 a 21-aminosteroid (U74389G)21 and placebo
treatment.20,21 A systematic review carried out for
the Cochrane Database55 focusing on corticosteroid
application in patients with lower back pain with
or without radiculopathy and in patients with ver-
tebral stenosis (either acute, subacute or chronic)
showed a marginal improvement in the steroids
group than other treatment/placebo groups in regards
to pain sensation improvement; however, a similar
marginal effect was not observed in the vertebral
stenosis group. Furthermore, the same review panel
pointed out that no major side effects were observed
that would definitively ban the clinical use of sys-
temic corticosteroids.55 Furthermore, Canseco et al.
observed that possible delivery of systemic dexam-
ethasone in SCI might be improved after performing
decompressive laminectomy and durotomy.56 Poten-
tial benefits such as reducing oedema and inflam-
mation have been shown in experimental studies;
however, the adverse effects associated with high-dose
methylprednisolone, including increased risk of infec-
tions and gastrointestinal complications, necessitate
a careful evaluation of its risk‒benefit profile in the
management of acute SCI.57,58

An IVDE results in mechanical compression and
secondary injury of spinal cord tissue. This stimu-
lates the inflammatory cascade, ranging from acute
neutrophil invasion to the formation of chronic granu-
lation tissue.13 SCI remains a critically important topic
within both human and animal model research.15 The
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hallmark of the SCI-associated inflammatory cascade
includes the production of inflammatory molecules
such as tumour necrosis factor, interleukin (IL)-1β
and IL-6. This has been documented in both exper-
imental rat models32 and naturally occurring cases
in dogs.59 Notably, the administration of MPSS has
been shown to inhibit this production, highlight-
ing its potential therapeutic role.32 IVDD-associated
SCI triggers inflammation within the spinal cord,
resulting in secondary damage.3,13,60 Interestingly, a
statistically significant inverse correlation has been
observed between the degree of inflammation and
the ability of dogs to regain ambulation.13 This sug-
gests that the severity of the inflammatory response
may play a role in the overall prognosis and func-
tional recovery of affected individuals. Hence, local
application of steroids can potentially exert its ther-
apeutic effects by means of mitigating the inflam-
matory response.61–65 Anti-inflammatory treatments
enhance locomotor recovery post-SCI by reducing
inflammation, which has been shown to obstruct
signal transmission at the injury site in mice, poten-
tially through cytokine release.16 Studies conducted in
rats have demonstrated that epidural dexamethasone
can decrease inflammatory hyperalgesia and spinal
cytosolic phospholipase A2 expression, suggesting its
potential to modulate inflammatory processes within
the spinal cord, thereby contributing to enhanced
locomotor recovery.66 Epidural steroid injection has
been shown to be effective in managing signs of
lower back pain resulting from lumbar disc hernia-
tion in human patients, albeit with an ongoing debate
regarding its overall impact.67,68 No instances of minor
or major adverse events were reported in the short-
term follow-up period following the administration
of local steroid infiltration in these studies. There-
fore, it may be deduced that using local steroids could
lessen inflammation and decrease pain for individu-
als, yet the information on epidural steroid injections
for lower back pain, focusing primarily on local pain
control, may not be entirely pertinent or adequate,
as it does not address the reduction or reversal of
intramedullary damage.

Several retrospective and prospective studies inves-
tigating neurological outcome and its correlation with
the timing of surgical intervention suggested that
prompt and timely administration of surgical treat-
ment has positive effects on clinical outcomes, while
other studies failed to support these findings.5,69–73 In
the present study, the median duration from the onset
of clinical signs to the initiation of treatment was 1 day
(range 1–5 days) in the control group and 2 days (range
1–4 days) in the treatment group. Hence, the study
population was uniform in terms of the time interval
between the onset of clinical signs and the initiation of
treatment.

One potential limitation of the study was the inclu-
sion of dogs from a heterogeneous population of clin-
ical cases, with varying breeds, ages and health con-
ditions. However, quantile regression was chosen for
its robustness against population heterogeneity, data

skewness and the influence of outliers, as it provides a
suitable method to compensate for these challenges.42

Another limitation identified in our research is the
exclusion of onset speed data, which is attributable
to difficulties in consistently tracking this informa-
tion from pet owners and referring veterinarians. This
challenge arises from variability in assessments and
the complexities associated with accurately determin-
ing precise onset times for all subjects. The present
observational clinical study lacks measurements of
serum biomarkers for spinal cord trauma, notably glial
fibrillary acidic protein and phosphorylated neuro-
filament heavy chain (pNF[H]), which may indicate
lesion severity, as reported previously.74–76 The incor-
poration of these biomarkers into future studies is
warranted but is contingent upon the commercial
availability of specific tests and the establishment of
universally accepted reference ranges, particularly for
pNF(H), that accurately reflect the variability associ-
ated with different aetiologies and severities of SCIs.
The present study is constrained by a small sample
size. We focused our evaluation on a limited set of
parameters—bodyweight, age and treatment option.
While it is recognised that there are additional param-
eters that may influence time to ambulation, our
study prioritised these factors as they were deemed
to be the most significant for evaluation. Incorpo-
rating multidimensional outcome measures, such as
pain scores, in subsequent research is essential for
a holistic evaluation of recovery processes in future
studies.

In conclusion, our study suggests that local appli-
cation of methylprednisolone acetate in combination
with surgical decompression may lead to faster ambu-
lation in non-ambulatory dogs with thoracolumbar
intervertebral disc disease. The anti-inflammatory
properties of steroids may play a role in mitigating the
inflammatory response and promoting faster recovery
of spinal cord conduction. One dog from the treat-
ment group in our study developed discospondylitis
as a postoperative complication. Further studies with a
more homogeneous population and considering other
prognostic factors are needed to validate the findings
of the study.

A U T H O R C O N T R I B U T I O N S
Concept and design of the study, data acquisition, per-
formed surgeries, involved in data collection, analysis
and interpretation, drafted the manuscript, revised the
manuscript and approved the submitted version of
the manuscript: Pavlos Natsios. Data acquisition, per-
formed surgeries, involved in data collection, drafted
the manuscript and revised and approved manuscript:
Lorenzo Golini. Study design, performed data anal-
ysis and interpretation, including the statistical data
analysis, revised the manuscript drafts critically and
approved the submitted version of the manuscript:
Brian H. Park. Concept and design of the study, pro-
vided essential scientific input, data acquisition, per-
formed surgeries, involved in the interpretation of the
acquired data, revised the manuscript drafts critically



8 of 10 VETERINARY RECORD

and approved the submitted version of the manuscript:
Frank Steffen.

A C K N O W L E D G E M E N T S
We would like to thank Ricard Evans for his helpful
input and contributions that improved the statistical
part of our paper.

C O N F L I C T O F I N T E R E S T S T A T E M E N T
None of the authors of this article has a financial or
personal relationship with other people or organisa-
tions that could inappropriately influence or bias the
content of the paper.

F U N D I N G I N F O R M A T I O N
The authors received no specific funding for this work.

D A T A A V A I L A B I L I T Y S T A T E M E N T
The data that support the findings of this study
are available from the corresponding author upon
reasonable request.

E T H I C S S T A T E M E N T
The study was approved by the Swiss National, Can-
tonal and Institutional Animal Care and Use Commit-
tees (approval number: ZH172/2022).

O R C I D
Pavlos Natsios https://orcid.org/0000-0001-8122-
8899

R E F E R E N C E S
1. Macias C, McKee WM, May C, Innes JF. Thoracolumbar disc

disease in large dogs: a study of 99 cases. J Small Anim Pract.
2002;43(10):439‒46.

2. Granger N, Carwardine D. Acute spinal cord injury: tetraplegia
and paraplegia in small animals. Vet Clin North Am Small Anim
Pract. 2014;44(6):1131‒56.

3. Brisson BA. Intervertebral disc disease in dogs. Vet Clin North
Am Small Anim Pract. 2010;40(5):829‒58.

4. Moore SA, Early PJ, Hettlich BF. Practice patterns in the man-
agement of acute intervertebral disc herniation in dogs. J Small
Anim Pract. 2016;57(8):409‒15.

5. Davis GJ, Brown DC. Prognostic indicators for time to ambu-
lation after surgical decompression in nonambulatory dogs
with acute thoracolumbar disk extrusions: 112 cases. Vet Surg.
2002;31(6):513‒18.

6. Levine JM, Cohen ND, Heller M, Fajt VR, Levine GJ, Kerwin SC,
et al. Efficacy of a metalloproteinase inhibitor in spinal cord
injured dogs. PLoS One. 2014;9(5):e96408.

7. Zidan N, Sims C, Fenn J, Williams K, Griffith E, Early PJ, et al.
A randomized, blinded, prospective clinical trial of postopera-
tive rehabilitation in dogs after surgical decompression of acute
thoracolumbar intervertebral disc herniation. J Vet Intern Med.
2018;32(3):1133‒44.

8. Bruno E, Canal S, Antonucci M, Bernardini M, Balducci F,
Musella V, et al. Perilesional photobiomodulation therapy and
physical rehabilitation in postoperative recovery of dogs sur-
gically treated for thoracolumbar disk extrusion. BMC Vet Res.
2020;16(1):120.

9. Levine JM, Levine GJ, Boozer L, Schatzberg SJ, Platt SR, Kent
M, et al. Adverse effects and outcome associated with dex-
amethasone administration in dogs with acute thoracolumbar
intervertebral disk herniation: 161 cases (2000‒2006). J Am Vet
Med Assoc. 2008;232(3):411‒17.

10. Kawakami M, Tamaki T, Weinstein JN, Hashizume H, Nishi
H, Meller ST. Pathomechanism of pain-related behavior pro-

duced by allografts of intervertebral disc in the rat. Spine.
1996;21(18):2101‒7.

11. Otoshi K, Kikuchi S, Konno S, Sekiguchi M. The reactions of glial
cells and endoneurial macrophages in the dorsal root ganglion
and their contribution to pain-related behavior after applica-
tion of nucleus pulposus onto the nerve root in rats. Spine.
2010;35(3):264‒71.

12. de Souza Grava AL, Ferrari LF, Defino HLA. Cytokine inhibi-
tion and time-related influence of inflammatory stimuli on the
hyperalgesia induced by the nucleus pulposus. Eur Spine J.
2012;21(3):537‒45.

13. Fadda A, Oevermann A, Vandevelde M, Doherr MG, Forterre F,
Henke D. Clinical and pathological analysis of epidural inflam-
mation in intervertebral disk extrusion in dogs. J Vet Intern
Med. 2013;27(4):924‒34.

14. Kämpe A, Knebel A, Carlson R, Rohn K, Tipold A. Evaluation
of the involvement of Th17-cells in the pathogenesis of canine
spinal cord injury. PLoS One. 2021;16(9):e0257442.

15. Spitzbarth I, Moore SA, Stein VM, Levine JM, Kühl B, Gerhauser
I, et al. Current insights into the pathology of canine interver-
tebral disc extrusion-induced spinal cord injury. Front Vet Sci.
2020;7:595796.

16. Arnold SA, Hagg T. Anti-inflammatory treatments during
the chronic phase of spinal cord injury improve locomo-
tor function in adult mice. J Neurotrauma. 2011;28(9):1995‒
2002.

17. Bush WW, Tiches DM, Kamprad C, Murtaugh RJ, Barr
CS. Functional outcome following hemilaminectomy without
methylprednisolone sodium succinate for acute thoracolum-
bar disk disease in 51 non-ambulatory dogs. J Vet Emerg Crit.
2007;17(1):72‒76.

18. Nishida H, Tanaka H, Kitamura M, Inaba T, Nakayama M.
Methylprednisolone sodium succinate reduces spinal cord
swelling but does not affect recovery of dogs with surgically
treated thoracolumbar intervertebral disk herniation. Jpn J Vet
Res. 2016;64(3):191‒96.

19. McCartney W, Ober CA, Benito M. Comparative analysis of
neurological recovery and adverse effects in chondrodys-
trophic dogs with thoracolumbar intervertebral disc herniation
treated with methylprednisolone versus non-steroidal anti-
inflammatory drugs. Acta Vet Brno. 2023;92(4):361‒68.

20. Olby NJ, Muguet-Chanoit AC, Lim J-H, Davidian M, Mariani
CL, Freeman AC, et al. A placebo-controlled, prospective,
randomized clinical trial of polyethylene glycol and methyl-
prednisolone sodium succinate in dogs with intervertebral disk
herniation. J Vet Intern Med. 2016;30(1):206‒14.

21. Coates JR, Sorjonen DC, Simpson ST, Cox NR, Wright JC,
Hudson JA, et al. Clinicopathologic effects of a 21-aminosteroid
compound (U74389G) and high-dose methylprednisolone on
spinal cord function after simulated spinal cord trauma. Vet
Surg. 1995;24(2):128‒39.

22. Boag AK, Otto CM, Drobatz KJ. Complications of methyl-
prednisolone sodium succinate therapy in Dachshunds with
surgically treated intervertebral disc disease. J Vet Emerg Crit.
2001;11(2):105‒10.

23. Janssens L, Beosier Y, Daems R. Lumbosacral degenerative
stenosis in the dog. The results of epidural infiltration with
methylprednisolone acetate: a retrospective study. Vet Comp
Orthop Traumatol. 2009;22(6):486‒91.

24. Gomes SA, Lowrie M, Targett M. Single dose epidural
methylprednisolone as a treatment and predictor of out-
come following subsequent decompressive surgery in degen-
erative lumbosacral stenosis with foraminal stenosis. Vet J.
2020;257:105451.

25. Genovese T, Esposito E, Mazzon E, Crisafulli C, Paterniti I,
Di Paola R, et al. PPAR-alpha modulate the anti-inflammatory
effect of glucocorticoids in the secondary damage in experi-
mental spinal cord trauma. Pharmacol Res. 2009;59(5):338‒50.

26. Genovese T, Mazzon E, Crisafulli C, Esposito E, Di Paola R, Muià
C, et al. Effects of combination of melatonin and dexametha-
sone on secondary injury in an experimental mice model of
spinal cord trauma. J Pineal Res. 2007;43(2):140‒53.

27. Bartholdi D, Schwab ME. Methylprednisolone inhibits
early inflammatory processes but not ischemic cell death

https://orcid.org/0000-0001-8122-8899
https://orcid.org/0000-0001-8122-8899
https://orcid.org/0000-0001-8122-8899


VETERINARY RECORD 9 of 10

after experimental spinal cord lesion in the rat. Brain Res.
1995;672(1‒2):177‒86.

28. Friedly JL, Comstock BA, Turner JA, Heagerty PJ, Deyo RA,
Sullivan SD, et al. A randomized trial of epidural glucocorticoid
injections for spinal stenosis. N Engl J Med. 2014;371(1):11‒21.

29. Arirachakaran A, Siripaiboonkij M, Pairuchvej S, Setrkraising
K, Pruttikul P, Piyasakulkaew C, et al. Comparative outcomes
of epidural steroids versus placebo after lumbar discectomy in
lumbar disc herniation: a systematic review and meta-analysis
of randomized controlled trials. Eur J Orthop Surg Traumatol.
2018;28(8):1589‒99.

30. Samoladas E, Kapinas A, Papadopoulos DV, Gkiatas I,
Papastefanou S, Gelalis ID. Intraoperative epidural application
of steroid and local anaesthetic agent following lumbar dis-
cectomy: a prospective double blinded randomized controlled
trial. J Clin Orthop Trauma. 2019;10(Suppl. 1):S143‒46.

31. Aljabi Y, El-Shawarby A, Cawley DT, Aherne T. Effect of epidu-
ral methylprednisolone on post-operative pain and length of
hospital stay in patients undergoing lumbar microdiscectomy.
Surgeon. 2015;13(5):245‒49.

32. Fu ES, Saporta S. Methylprednisolone inhibits production of
interleukin-1beta and interleukin-6 in the spinal cord fol-
lowing compression injury in rats. J Neurosurg Anesthesiol.
2005;17(2):82‒85.

33. Okamoto N, Viswanatha R, Bittar R, Li Z, Haga-Yamanaka
S, Perrimon N, et al. A membrane transporter is required
for steroid hormone uptake in drosophila. Dev Cell.
2018;47(3):294‒305. e7.

34. Okamoto N, Yamanaka N. Steroid hormone entry into the brain
requires a membrane transporter in Drosophila. Curr Biol.
2020;30(2):359‒66. e3.

35. Mosquera L, Colón JM, Santiago JM, Torrado AI, Meléndez M,
Segarra AC, et al. Tamoxifen and estradiol improved locomotor
function and increased spared tissue in rats after spinal cord
injury: their antioxidant effect and role of estrogen receptor
alpha. Brain Res. 2014;1561:11‒22.

36. Moore SA, Zidan N, Spitzbarth I, Nout-Lomas YS, Granger N, Da
Costa RC, et al. Development of an International Canine Spinal
Cord Injury observational registry: a collaborative data-sharing
network to optimize translational studies of SCI. Spinal Cord.
2018;56(7):656‒65.

37. Aprea F, Cherubini GB, Palus V, Vettorato E, Corletto F. Effect
of extradurally administered morphine on postoperative anal-
gesia in dogs undergoing surgery for thoracolumbar interverte-
bral disk extrusion. J Am Vet Med Assoc. 2012;241(6):754‒59.

38. Sharp NJH, Wheeler SJ. Thoracolumbar disc disease. In: N. J. H.
Sharp, S. J. Wheeler, editors. Small animal spinal disorders. 2nd
ed. Elsevier Mosby; 2005. p. 121‒60.

39. McKee WM. A comparison of hemilaminectomy (with con-
comitant disc fenestration) and dorsal laminectomy for the
treatment of thoracolumbar disc protrusion in dogs. Vet Rec.
1992;130(14):296‒300.

40. Jeffery ND, Mankin JM, Ito D, Boudreau CE, Kerwin SC, Levine
JM, et al. Extended durotomy to treat severe spinal cord injury
after acute thoracolumbar disc herniation in dogs. Vet Surg.
2020;49(5):884‒93.

41. Koenker R. Quantile regression. In: R. S. Kenett, N. T. Longford,
W. W. Piegorsch, F. Ruggeri, editors. Wiley Statsref: statis-
tics reference online. Wiley; 2014. https://doi.org/10.1002/
9781118445112.stat07557

42. Austin PC, Schull MJ. Quantile regression: a statistical tool for
out-of-hospital research. Acad Emerg Med. 2003;10(7):789‒97.

43. Akinduro OO, Miller BA, Haussen DC, Pradilla G, Ahmad FU.
Complications of intraoperative epidural steroid use in lumbar
discectomy: a systematic review and meta-analysis. Neurosurg
Focus. 2015;39(4):E12.

44. Canal S, Contiero B, Balducci F, Calò P, Bernardini M. Risk fac-
tors for diskospondylitis in dogs after spinal decompression
surgery for intervertebral disk herniation. J Am Vet Med Assoc.
2016;248(12):1383‒90.

45. Saruwatari R, Yamada K, Sato K, Yokosuka K, Yoshida T,
Nakae I, et al. Risk factors for surgical site infection in spinal
surgery and interventions: a retrospective study. Kurume Med
J. 2023;68:201‒7.

46. Olsen MA, Mayfield J, Lauryssen C, Polish LB, Jones M, Vest J,
et al. Risk factors for surgical site infection in spinal surgery. J
Neurosurg. 2003;98(2 Suppl.):149‒55.

47. Baroun-Agob L, Liew S, Gabbe B. Risk factors for surgical site
infections following spinal column trauma in an Australian
trauma hospital. ANZ J Surg. 2021;91(4):639‒46.

48. Burkert BA, Kerwin SC, Hosgood GL, Pechman RD, Fontenelle
JP. Signalment and clinical features of diskospondylitis in dogs:
513 cases (1980‒2001). J Am Vet Med Assoc. 2005;227(2):268‒75.

49. Miller SM. Methylprednisolone in acute spinal cord injury:
a tarnished standard. J Neurosurg Anesthesiol. 2008;20(2):
140‒42.

50. Markandaya M, Stein DM, Menaker J. Acute treatment options
for spinal cord injury. Curr Treat Options Neurol. 2012;14:175-
187.

51. Sultan I, Lamba N, Liew A, Doung P, Tewarie I, Amamoo JJ, et al.
The safety and efficacy of steroid treatment for acute spinal
cord injury: a systematic review and meta-analysis. Heliyon.
2020;6(2):e03414.

52. Walters BC, Hadley MN, Hurlbert RJ, Aarabi B, Dhall SS, Gelb
DE, et al. Guidelines for the management of acute cervical
spine and spinal cord injuries: 2013 update. Neurosurgery.
2013;60(CN_Suppl_1):82‒91.

53. Fehlings MG, Wilson JR, Cho N. Methylprednisolone for the
treatment of acute spinal cord injury: counterpoint. Neuro-
surgery. 2014;61(Suppl. 1):36‒42.

54. Evaniew N, Belley-Côté EP, Fallah N, Noonan VK, Rivers CS,
Dvorak MF. Methylprednisolone for the treatment of patients
with acute spinal cord injuries: a systematic review and meta-
analysis. J Neurotrauma. 2016;33(5):468‒81.

55. Chou R, Pinto RZ, Fu R, Lowe RA, Henschke N, McAuley
JH, et al. Systemic corticosteroids for radicular and non-
radicular low back pain. Cochrane Database Syst Rev.
2022;10(10):CD012450.

56. Canseco JA, Karamian BA, Bowles DR, Markowitz MP, Dimaria
SL, Semenza NC, et al. Updated review: the steroid contro-
versy for management of spinal cord injury. World Neurosurg.
2021;150:1‒8.

57. Liu Z, Yang Y, He L, Pang M, Luo C, Liu B, et al. High-dose
methylprednisolone for acute traumatic spinal cord injury: a
meta-analysis. Neurology. 2019;93(9):e841‒50.

58. Teixeira WGJ, Cristante AF, Marcon RM, Bispo G, Ferreira R, de
Barros-Filho TEP. Granulocyte colony-stimulating factor com-
bined with methylprednisolone improves functional outcomes
in rats with experimental acute spinal cord injury. Clinics.
2018;73:e235.

59. Spitzbarth I, Bock P, Haist V, Stein VM, Tipold A, Wewetzer K,
et al. Prominent microglial activation in the early proinflam-
matory immune response in naturally occurring canine spinal
cord injury. J Neuropathol Exp Neurol. 2011;70(8):703‒14.

60. Henke D, Vandevelde M, Doherr MG, Stöckli M, Forterre F.
Correlations between severity of clinical signs and histopatho-
logical changes in 60 dogs with spinal cord injury associated
with acute thoracolumbar intervertebral disc disease. Vet J.
2013;198(1):70‒75.

61. Ibrahim SIA, Xie W, Strong JA, Tonello R, Berta T, Zhang J-M.
Mineralocorticoid antagonist improves glucocorticoid receptor
signaling and dexamethasone analgesia in an animal model of
low back pain. Front Cell Neurosci. 2018;12:453.

62. Benoist M, Boulu P, Hayem G. Epidural steroid injections
in the management of low-back pain with radiculopathy: an
update of their efficacy and safety. Eur Spine J. 2012;21(2):
204‒13.

63. Andersson GBJ. Epidural glucocorticoid injections in patients
with lumbar spinal stenosis. N Engl J Med. 2014;371(1):75‒76.

64. Manchikanti L. Randomized trial of epidural injections for
spinal stenosis published in the New England Journal of
Medicine: further confusion without clarification. Pain Physi-
cian. 2014;17(4):e475‒88.

65. Manchikanti L. One-year results of a randomized, double-
blind, active controlled trial of fluoroscopic caudal epidural
injections with or without steroids in managing chronic disco-
genic low back pain without disc herniation or radiculitis. Pain
Physician. 2011;14(1):25‒36.

https://doi.org/10.1002/9781118445112.stat07557
https://doi.org/10.1002/9781118445112.stat07557


10 of 10 VETERINARY RECORD

66. Min S-H, Soh J-S, Park J-Y, Choi S-U, Lee H-W, Lee J-J, et al.
Epidural dexamethasone decreased inflammatory hyperalgesia
and spinal cPLA2 expression in a rat formalin test. Yonsei Med
J. 2014;55(6):1631‒39.

67. Shamliyan TA, Staal JB, Goldmann D, Sands-Lincoln M. Epidu-
ral steroid injections for radicular lumbosacral pain: a system-
atic review. Phys Med Rehabil Clin N Am. 2014;25(2):471‒89.
e1.

68. Oliveira CB, Maher CG, Ferreira ML, Hancock MJ, Oliveira
VC, McLachlan AJ, et al. Epidural corticosteroid injections
for lumbosacral radicular pain. Cochrane Database Syst Rev.
2020;4(4):CD013577.

69. Immekeppel A, Rupp S, Demierre S, Rentmeister K, Meyer-
Lindenberg A, Goessmann J, et al. Investigation of timing of
surgery and other factors possibly influencing outcome in dogs
with acute thoracolumbar disc extrusion: a retrospective study
of 1501 cases. Acta Vet Scand. 2021;63(1):30.

70. Ferreira AJA, Correia JHD, Jaggy A. Thoracolumbar disc disease
in 71 paraplegic dogs: influence of rate of onset and dura-
tion of clinical signs on treatment results. J Small Anim Pract.
2002;43(4):158‒63.

71. Olby N, Levine J, Harris T, Muñana K, Skeen T, Sharp N. Long-
term functional outcome of dogs with severe injuries of the
thoracolumbar spinal cord: 87 cases (1996‒2001). J Am Vet Med
Assoc. 2003;222(6):762‒69.

72. Kazakos G, Polizopoulou ZS, Patsikas MN, Tsimopoulos G,
Roubies N, Dessiris A. Duration and severity of clinical signs as
prognostic indicators in 30 dogs with thoracolumbar disk dis-
ease after surgical decompression. J Vet Med A Physiol Pathol
Clin Med. 2005;52(3):147‒52.

73. Vicens Zanoguera L, Pauciulo C, Corlazzoli D, Cauduro A,
Motta L. Does surgical timing affect the rapidity of recov-
ery in deep pain-entire non-ambulatory dogs with thora-

columbar intervertebral disk extrusion? J Small Anim Pract.
2023;64(3):136‒41.

74. Mashita T, Kamishina H, Nakamoto Y, Akagi Y, Nakanishi A,
Harasaki Y, et al. Combination of serum phosphorylated neu-
rofilament heavy subunit and hyperintensity of intramedullary
T2W on magnetic resonance imaging provides better prognos-
tic value of canine thoracolumbar intervertebral disc hernia-
tion. J Vet Med Sci. 2015;77(4):433‒38.

75. Nishida H, Nakayama M, Tanaka H, Kamishina H, Izawa T,
Hatoya S, et al. Evaluation of serum phosphorylated neuro-
filament subunit NF-H as a prognostic biomarker in dogs
with thoracolumbar intervertebral disc herniation. Vet Surg.
2014;43(3):289‒93.

76. Olby NJ, Lim J-H, Wagner N, Zidan N, Early PJ, Mariani CL,
et al. Time course and prognostic value of serum GFAP, pNFH,
and S100β concentrations in dogs with complete spinal cord
injury because of intervertebral disc extrusion. J Vet Intern
Med. 2019;33(2):726‒34.

How to cite this article: Natsios P, Golini L, Park
BH, Steffen F. Effect of local epidural
application of methylprednisolone acetate on
time to ambulation in non-ambulatory dogs
with thoracolumbar intervertebral disc disease:
A prospective randomised, blinded control trial.
Vet Rec. 2024;e4962.
https://doi.org/10.1002/vetr.4962

https://doi.org/10.1002/vetr.4962



